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Preface

Water, hay, and oats are all that a horse needs.
Anonymous

Even in modern times, this is often said from the race-
track to the farm. However, from a nutritional perspec-
tive it does not hold true for all horses. Depending on
hay quality and type: energy, protein, and calcium may
be deficient, especially for working horses and mares in
late gestation. Working horses may require such a large
amount of oats to meet energy requirements that they
would be at risk for hindgut acidosis and subsequent
laminitis. A horse may not be physically able to eat
enough hay to meet increased energy requirements,
depending on the hay’s energy content and quality.

We are fortunate to have a plethora of horse feeds
that are formulated by knowledgeable equine nutrition-
ists and tested to ensure that they meet horses’ require-
ments. Most commercial feeds are fortified with vitamins
and minerals to meet requirements if the horse is fed as
directed on the bag. Modern feeding and overfeeding
practices, as well as the horse’s transition from a working

to a companion animal, have created problems such as
Equine Metabolic Syndrome. Horses are both living
longer and becoming fatter with our help.

Like most equine practices, feeding horses can become
as infinitely complicated as we make it to be. Many
horses receive multiple supplements and many contain
the same ingredients. At least, this is expensive and
unnecessary and at worst, it can result in toxicity.
Unfortunately, supplementation and feeding decisions
are often based on the advice of a self-proclaimed
authority or because someone else does it with apparent
success.

The purpose of this book is to guide decision making
and clarify the sometimes-confusing subject of equine
nutrition. Thank you to my coauthors for their contri-
butions, including my former major professor Dr. David
Pugh, whose guidance and education have been a
tremendous gift.

Bryan M. Waldridge

xXv



1 Miniature horses and ponies

DG Pugh, DVM, MS, MAg, DACT, DACVN, DACVM; Nicole Passler, DVM, MS;

and Sara Ziska, DVM, PhD

This chapter will discuss feeding of miniature horses
and ponies, two of the smallest members of the genus,
species, and subspecies Equus ferus caballus. Both
miniature horses and ponies should be fed in a similar
fashion as light breeds, with the obvious exception
that they are smaller and therefore require less total
nutrients on a body weight basis. Many of the common
feeding and husbandry practices applicable for other
breeds may be applicable to both miniature and pony
breeds.!

1.1 Miniature Horses

Although the American Miniature horse was declared a
single breed in the late 1970s by the American Horse
Association, many miniature horse breeders consider
several distinct breeds to exist (e.g., Australian Miniature
Pony, Dartmoor Pony, Falabella, Micro Mini, Miniature
Toy Horse, etc.). These breeds can be traced back to
royal families in Europe of the seventeenth century.
Presently, these equids are used as pets, show, and ser-
vice animals. Miniature horses usually live 25-35 years
and are described as being less than 97cm (38 in) in
height at the withers (probably all carry some genes for
dwarfism). Many non-guide miniature horses may
weigh up to 90kg, while the minis used as service
animals should be less than 66cm (26 in) in height and
weigh between 24-45kg (55-1001b).

1.2 General Feeding of Miniature
Horses

Unlike ponies, there are few controlled scientific studies
on nutritional requirements of miniature horses.'”
Minis are considered an “easy keeper” breed and should
not be overfed to prevent obesity. As with other horse

breeds, energy requirements for maintenance usually
can be met by feeding 1.0-1.8% of their body weight
daily in dry matter derived from good quality forages or
1-2kg of good quality dry forage daily. Miniature horses
can be fed small amounts of grass or hay and concen-
trates or used to graze or “mow” lawns. Supplemental
grain should be fed only as needed and added to the diet
based upon body condition score (BCS). The principles
of body condition scoring are the same for miniatures as
for other breeds of horses. Miniature horses should be
maintained at an ideal BCS of 5-6/9 (ribs can easily be
palpated, but not seen, and there are no obvious fat
deposits on the neck, shoulders, withers, or tail base).
Body condition scoring should be used to determine
energy intake adequacy or lack thereof.! When BCS falls
below 5/9, caretakers should consider increasing either
the quality and/or quantity of forages or slowly intro-
ducing a small amount (0.25-0.51b/day) of concentrate.
Common mistakes made with concentrate feeding
include overestimation of body weight and underesti-
mation of concentrate offered. Both mistakes can result
in obesity and possibly one of many metabolic disorders
(e.g., equine metabolic syndrome, laminitis, hyperli-
pemia, etc.) seen in overweight miniature horses.
Owners of miniature horses should be encouraged to
purchase scales to actually weigh feed to avoid over-
feeding. Scales used by fishermen to weigh fish are
inexpensive and can be readily purchased. As for other
horses, access to fresh clean water is critical to ensure
adequate feed intake, minimize colic risk, and maintain
overall health. The general guidelines for water, energy,
protein, mineral, and vitamin requirements as a percent
of diet are based upon age, growth, production status
(e.g. early, mid, late gestation, or lactation), and use of
miniature horses, and are similar to other breeds.!
Miniature horses are susceptible to many of the nutri-
tionally related conditions seen in other breeds, but
may be more prone to enteroliths* and hyperlipemia.>®

Nutritional Management of Equine Diseases and Special Cases, First Edition. Edited by Bryan M. Waldridge.
© 2017 John Wiley & Sons, Inc. Published 2017 by John Wiley & Sons, Inc.



2 Nutritional management of equine diseases and special cases

Caregivers should be cognizant of normal horse feeding
practices and adopt well-conceived, basic feeding programs
as discussed in other chapters of this text.

1.3 Pony Feeding

Ponies are horses less than 147 cm (14.2 hands or 58 in)
in height at the withers. Pony breeds typically have
shorter heads with broader foreheads, thicker necks,
wider barrels, and shorter legs compared to other horses.
Pony breeds are used as pets, show, riding, and working
animals. There are many distinct breeds of ponies with
varying uses that help determine proper feeding programs
(e.g., carriage ponies vs hunter/jumper ponies).

Because of their size and availability, ponies have
been utilized in many equine nutrition research pro-
jects. Therefore, much information is available specifi-
cally discussing pony nutrition.”!! Feeding practices for
other light breeds are usually applicable to ponies.!
Many pony breeds will reach 75% of their mature
weight by 12 months of age, while Thoroughbred horses
only reach approximately 69% of mature weight at
the same age.! Therefore, feeding practices should be
adjusted for ponies compared to other breeds because of
their faster growth rate. Because most pony breeds were
selected and evolved under conditions of sparse or poor
quality pasture and rugged terrain, they tend to be
easier to maintain than other horse breeds. With the
possible exception of working, lactating, and growing
ponies, most ponies will rarely require concentrates and
easily become obese. Ponies are predisposed to many
metabolic conditions, such as hyperlipemia and equine
metabolic syndrome.!>!* Increased fat supplementation
with soybean oil at 10% of dry matter intake was associ-
ated with glucose intolerance in Shetland ponies.!* Ponies
appear to have a higher voluntary intake than other horse
breeds. !> In one study, ponies consumed 3.9kg of alfalfa
hay per 100kg of body weight (3.9% of body weight in
dry matter intake).!! Caretakers should be cautious and
utilize high energy feedstuffs only when necessary. When
providing a concentrate or concentrates, the BCS should be
continuously monitored to minimize obesity.

As for miniature horses, ponies should be fed good
quality forages at 1.0-1.8% of their body weight in dry
matter daily. Body condition scores should be estimated
for ponies as for other breeds, with diet modifications
implemented to maintain ideal body condition near

5-6/9. Ponies at maintenance (neither gaining nor
losing weight) usually can survive on hay only or grass
pastures, while those used for light work may require
20% of their dietary intake in the form of a concentrate.
Feed should be withheld from ponies only when medi-
cally indicated and with strict observation. Prolonged
periods of inadequate energy intake result in hyper-
lipemia, which is exacerbated by preexisting conditions
such as illness, pregnancy, and/or obesity.!
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2  Draft horses, mules, and donkeys

DG Pugh, DVM, MS, MAg, DACT, DACVN, DACVM,; Sara Ziska, DVM, PhD;

and Nicole Passler, DVM, MS

Draft horses, donkeys, and their hybrid crosses are
discussed together in this chapter, as all three are tradi-
tionally thought of as working animals or “beasts of
burden.” Draft horses, mules, and donkeys still are used
as working animals, but also as pets, for trail riding, cart
pulling, showing, and other recreational uses. As all
three are of the genus Equus, this chapter will review
some of the differences between them and other horse
breeds with respect to feeding.

2.1 Draft Horses

There are approximately 30 breeds of draft or draught
horses found in the world today. These large horses
(550-1180kg or 1400-26001b) are utilized in farming
and logging industries, blood or plasma donation,
biological and pharmaceutical production, advertising
campaigns, as carriage horses, show horses, and pets. The
most popular breeds of draft horses in the United States,
Belgians, Clydesdales, Percherons, and Shires, all origi-
nated in Western Europe. These breeds were selected for
their tall stature, heavy bone and frame structure,
muscular hindquarters, and patience to haul large loads.

Traditionally, these large working animals were
thought to have a similar nutrient metabolism as pony
breeds. Historically, draft breeds have been fed slightly
less feed per kg of body weight than light breeds. The
most recent National Research Council feeding guide-
lines for horses' suggested that idle, mature, healthy
draft horses could subsist on 30.3kcal of digestible
energy (DE)/kg of body weight daily. This energy
requirement is slightly lower than 33.3 kcal/kg of body
weight daily recommended for light horse breeds.
Obviously, during work, growth, lactation, or other
periods of increased energy expenditure, the energy
requirements are greater. The total energy requirement
is higher for draft horses (700kg or greater) than light

horse breeds (Thoroughbred, Quarter Horse, etc.), as
these breeds may weigh substantially less (425-480kg).
Mature draft horses should be fed a minimum of 1.5%
of their body weight in roughage daily, with a total dry
matter intake between 1.5-3.0% of their body weight
daily. Still, these breeds can be fed using many of the
general guidelines applicable to light breeds.

Good quality grass-legume mixed pastures or hay will
usually suffice for draft horses at maintenance (neither
gaining nor losing weight). The caregiver should always
be cognizant of carbohydrate concentrations in the forage
and pastures, as with any breed of horse, to minimize
the risk of colic and laminitis.

Feeding to maintain a body condition score (BCS) of
5-6/9 is optimal in most circumstances. The energy
density of the diet and/or use of supplemental high
energy feedstuffs (e.g., concentrates) should be adjusted
to support growth, production, lactation, late gestation,
work, and needs for increased energy use with the goal
of maintaining a BCS between 5-6/9. Total dietary
energy required will depend on the type of work, dura-
tion of work, weight of loads, or the amount of force
exerted to perform work. Again, body condition should
be used to adjust energy intake to meet demands and
maintain BCS in the 5-6/9 range. Unfortunately, draft
horses may be prone to Polysaccharide Storage Myo-
pathy, Exertional Rhabdomyolysis, Equine Metabolic
Syndrome, and other diet-related conditions.'”* Thus,
feeding diets high in carbohydrates should be done with
extreme caution, and then only when necessary.
Nutritional myopathies are discussed in Chapter 4.

Overall, these breeds seem less prone to develop-
mental orthopedic disease."*> Of the draft horses,
Clydesdales and Percherons appear to be the breeds
most affected with metabolic bone diseases.> The care-
giver is cautioned to follow feeding practices that mini-
mize developmental orthopedic disease in growing
animals.

Nutritional Management of Equine Diseases and Special Cases, First Edition. Edited by Bryan M. Waldridge.
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Unfortunately, the large size of draft horses presents
other management issues that directly affect feeding.
The authors have observed more catastrophic outcomes
when draft breeds develop laminitis and increased heat
stress with obesity, as compared to lighter breeds. The
caregiver should strive to maintain a BCS of 5-6/9 and
carefully monitor obese animals, particularly in times of
warm weather or when laminitis is a concern.

Due to their impressive body weight, it is not
uncommon for draft horses to require 24 gallons (91L)
of fresh, clean water daily. Dehydration may result if
caregivers are unable to meet these extreme demands,
which increases the risk of developing intestinal impac-
tions and other potentially life-threatening conditions.

2.2 Donkeys

Donkeys or asses (Equus africanus asinus or Equus asinus)
are traditionally thought of as working animals, and in
many parts of the world are depended upon in this
manner. In modern-day North America, donkeys or
“burros” are used for work, show, cart and/or carriage
pulling, competitive riding, drug smuggling, guard
animals, training animals, and pets. There are 15-20
breeds of donkeys, including miniature, standard, large
standard, and mammoth stock, which vary greatly in
height (81-157 cm or 32-62 in). The female is commonly
referred to as a jenny or jennet. Intact males are
commonly called a jack or jackass. These animals char-
acteristically have longer ears and make loud vocal
noises (“bray”), as compared to horses. Their reproduc-
tive cycle has similarities to that of the horse and has
been described.®

Donkeys are believed to have evolved in arid to semi-
arid climates and show extraordinary tolerance for heat
and dehydration. They seem able to continue eating for
several days in the absence of drinkable water. This is in
contrast to horses, which decrease forage and feed con-
sumption in the face of dehydration. In modern agricul-
tural husbandry practices, as with other equids, clean,
fresh water should be offered to donkeys free choice,
despite their relative hardiness.

Donkeys appear to readily adapt to new environ-
ments and feedstuffs, which is not common in other
equids.! It is an accepted husbandry practice to feed
donkeys less than horses on a body weight basis, as they
are not simply small horses.! Donkeys have a narrow

muzzle and mobile lips, which allow for greater feed
selection in comparison to most horses. Therefore, they
can selectively consume higher quality portions of avail-
able forages. Donkeys will subsist on more mature
forages than are willingly consumed by most horses
(e.g., bark on trees and shrubs), but can and will con-
sume traditional feedstuffs.!”* On poor quality forage
diets, donkeys appear to have a lower dry matter intake
requirement than ponies.”!® Reported voluntary dry
matter intake ranges for donkeys have been between
0.83-2.6% of body weight, depending on the type and
quality of the feed stuff, along with physiologic require-
ments.!'2 However, dry matter intake between 1.75—
2.25% of body weight of moderate to good quality
forage will routinely meet maintenance requirements in
mature donkeys.! When offered moderate to good
quality forages, donkeys will readily adapt to consume
complete diets and employ their selective grazing habits
only when offered mixed forage diets of differing
quality.?

Traditional donkey feeding practices infer that
donkeys are more efficient in digestion than horses.
Donkeys appear to have higher apparent digestibility for
dietary dry matter and fiber than ponies and horses,
particularly when fed poor quality forages (e.g., oat
straw).!"1* The higher digestibility ability of donkeys
could be attributed to longer gut retention time or
greater microbial cellulolytic activity in the cecum,
compared to other equids.!>!®

Some reports have shown that donkeys may require
only 3.8-7.4% protein in their diet, due to efficient
dietary protein utilization.!”!® Despite these findings,
the authors recommend that dietary protein intake in
donkey diets should be fed similar to recommendations
for horses. Consequently, feeding as for horses should
meet requirements for donkeys, with respect to protein
intake.

In parts of the world where high quality feedstuffs are
plentiful, obesity in donkeys is a major concern.
Caregivers should be mindful to feed donkeys only to a
desired body condition and avoiding over-conditioning.
Energy-protein malnutrition, mineral deficiencies, and
emaciation are of most concern in many tropical areas
of the world where donkeys are used as work animals.

Donkeys fed to obesity will develop a fat roll over the
neck (pones) and fat on the barrel and hips, which are
quite unsightly. Donkeys, much like pony breeds, may be
prone to hyperlipemia during stress and feed deprivation.!



Draft horses, mules, and donkeys 7

Caregivers should closely monitor donkeys for feed
intake in times of stress (e.g., changes in weather, ill-
ness, etc.). Because of the stoic disposition of donkeys,
close attention to dietary intake and body condition is
imperative. Body condition scoring systems for donkeys
have been described.!*?* The Vall system assigns a score
from 1 (emaciated) to 4 (good), with emphasis placed
on the appearance of the flank and back."”

Diets appropriate and practical for horses can typically
be fed to donkeys, with caregivers mindful to avoid
obesity. Diets should include 6-10% protein intake for
maintenance needs, free access to fresh clean water, and
a good quality mineral mixture designed for horses.

2.3 Mules

Mules are the offspring of a male donkey (jack or
jackass) and a female horse (mare). Their size, shape,
and use are often determined by the breed characteris-
tics of both the sire and dam. Thus, mules can be found
in all statures, colors, and types of conformations. Mules
were used primarily for riding, packing, and/or working
animals. Today, mules are still used for these purposes,
as well as guard animals for small ruminants, showing,
recreation, and pets. The female mule is traditionally
referred to as a female, mare mule, molly, or molly
mule, whereas the male mule is traditionally referred
to as a male, gelded/stud mule, or john mule. Mules
are considered more sure-footed, patient, hardier, and
slower than horses, and less obstinate than donkeys.
As donkeys have 62 chromosomes and horses have 64
chromosomes, mule hybrids are rarely fertile. The cross
between a stallion and a jenny is called a hinney; hinnies
tend to be more donkey-like and much less common
than mules.

Mules are routinely fed less than horses but more
than donkeys on a body weight basis. Regrettably, there
are few controlled studies on nutritional requirements
for mules.?® Mules are physiologically more similar to
horses than donkeys and feeding practices should take
this into account. Accordingly, mules from Quarter
Horse mares and used for Quarter Horse-like purposes
should be fed in a similar manner for the mare. However,
caregivers must remain cognizant that these mules are
also part donkey and therefore may require less total
dietary intake than Quarter Horses of similar size. This
principle is applicable across lines of mules; that is mules

should be fed in a similar fashion to that of the dam.
As with donkeys, obesity can be a major problem in
mules, so caution should be exercised when feeding
high energy diets. Overall, energy, protein, and mineral
requirements in mules appear to be very similar to
horses, with the exception that mules may digest
feedstuffs more efficiently than horses.
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Amelia Munsterman, DVM, MS, DACVS, DACVECC

Nutritional support of the critically ill patient is no
longer seen only as an adjunct therapy. Recent studies
in humans support that early and adequate nutritional
support can reduce complications, shorten the duration
and severity of disease, and improve patient outcomes.
However, it is important to note that, even in human
medicine, recommendations for nutritional support are
limited by the heterogeneity of patient populations,
their illnesses, and statistical power. In the veterinary
literature, these limitations are even more restrictive.
This chapter offers basic guidelines for nutritional
support of adult horses with colic, based on a review of
available literature and expert opinion.

3.1 The Association between
Nutrition and Colic

The horse was designed to be a continuously grazing
animal, with hindgut fermentation supporting the
digestion of high fiber, low carbohydrate feeds. Modern
horse keeping either neglects this fact or is unable to
provide a lifestyle for the needs of the horse’s digestive
system, which was evolutionarily refined for fiber diges-
tion. Intermittent feedings, large boluses of cereal based
feeds, and stall confinement are the norm for most
modern horses. While the horse is able to adapt to some
extent, it is not unexpected that the adaptations that
allow horses to live among us periodically fail. Nutrition
is often implicated as the cause of gastrointestinal pain,
however, the multifactorial nature of the problem,
including types of teed, quality of feedstuffs, and varia-
tions in feeding practices, make it difficult to pinpoint
epidemiologically the true role of diet in colic.

In veterinary medicine, the search for the cause and
effect of a condition is often hampered by financial lim-
itations, small group sizes, and limited record keeping.
It is important, however, to take an unbiased and critical

view of all the information provided, since the
knowledge we gain will be used to directly influence
the treatments provided. Evidence based medicine is the
practice of integrating unbiased research and clinical
expertise, and applies a grading scheme to the published
literature. It acknowledges that all evidence is not cre-
ated equal and requires careful consideration when
applying research to the clinical patient. In this chapter,
only studies with a level of evidence of grade 2 or higher
were included to provide statistical evidence linking
colic and nutrition (see Table 3.1). When assessing the
evidence, the veterinary practitioner is cautioned to
keep in mind the strengths and weaknesses of the pub-
lished literature in order to make decisions based only
on the most valuable information available. The first
step in linking feeds to colic is to analyze the evidence
related to the most common feeds provided to horses,
including grasses, dried forages, and concentrates.

3.1.1 Feeds and Colic: Pastures
The horse was evolutionarily designed to graze grasses.
The large colon, specifically, developed to ferment these
grasses into short chain fatty acids (acetate, propionate,
and butyrate) for energy.! While grasses have the
capability of storing large quantities of carbohydrates,
as starches and fructans, which could upset the delicate
microbial populations, continuous grazing should allow
the bacteria to respond to any changes in carbohydrate
content gradually.>” However, access to pastures with
high levels of fermentable carbohydrates has been
implicated as a cause of colic and laminitis and may
relate to the apparent seasonality of colic events.*® While
grazing on pasture has been regarded as protective against
colic, its effect may be tempered by other factors, including
water supply, weather, rate of feed intake, stocking
density, quality of pasture, and supplements provided.
Pasture access was found to reduce the likelihood of
colic in a case control observational study of 364 horses,
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Table 3.1 Classification levels for evidence based medicine applied to veterinary publications (Source: Bedenice, 2007, Reproduced

with permission of Elsevier).>*°

Level of Evidence Veterinary Literature Classification

Grade of Recommendation

1a Systematic review of randomized controlled trials A
1b Individual randomized controlled trial (clinical patients or disease models in the horse) A
2 Retrospective, non-randomized cohort study or case control study B
3 Case series B
4 Research model in the horse or a similar species C
5 In vitro testing or expert opinion based on physiologic justification D

which noted a three-fold increase in the risk of colic for
horses with no pasture turnout or that had a recent
reduction in paddock size or time at pasture (95% CI
1.4-6.6, P=0.007).° A separate case control study in the
UK noted that stall confinement tended to increase the
risk of colic (OR=9.30, 95% CI 1.68-51.40, P=0.011).
Stabling for 24 hours per day was associated with the
greatest risk for colic (OR=35.2).!° Lack of grazing activ-
ities may also predispose to specific types of colic,
including enterolithiasis, which was noted to occur 2.8
(95% CI 1.06-7.59, P=0.04)"' to 4.0 (95% CI 1.3-12.2,
P=0.02)"? times more frequently in horses that spent
less than 50% of their time outdoors. Access to pasture
did not reduce the risk of colic in a report by Reeves
et al.,”® but if water was not available in the paddock, it
more than doubled the risk of colic (OR=2.2, 95% CI
1.2-4.3). Despite this published evidence, it is difficult
to separate any beneficial effect of grazing activities
from the patterns and timing of ingestion, the horse’s
activity levels, and the effects of exercise on intestinal
motility.

3.1.2 Feeds and Colic: Dried Forages

Hay often provides a large portion of the modern horse’s
diet due to the confines of space and resources. While
dried forages provide some consistency to the horse’s
diet, there is still variability that can occur between
batches due to changes in source, the type of hay fed, and
even the preservation process that produced the hay.
Poor quality forages with high concentrations of hemi-
cellulose, cellulose, and lignin increase the risk of impac-
tion-related colic.”'*'® Feeding hay from round bales
may also increase the risk by 2.5 times (95% CI 1.1-5.6,
P=0.028), likely due to the methods of preservation,
exposure to the elements before and during feeding, and
the unchecked quantities available to the horse.’

Abrupt changes in the type or batch of hay have been
noted to be a common cause of colic. In a case control
study of horses experiencing colic in Texas, it was noted
that while a feed change in the previous two weeks was
significantly associated with colic (OR=5.0, 95% CI
2.6-9.7, P<0.001), a change of hay increased the risk
even further (OR=9.8, 95% 1.2-81.5, P=0.035).° This
was confirmed in an additional study in 2001 (OR=4.9
95% 2.1-11.4, P<0.001).° On the eastern seaboard of
the United States, a change in diet was again linked to
colic, specifically with a change in hay resulting in a 2.1
times increase in colic incidence (95% CI 1.2-3.8,
P=0.01)."7

The specific type of hay also may play an important
role in the risk of colic. Coastal Bermudagrass hay has
been implicated in one cohort study as a cause of colic
(OR=1.65, 95% CI 1.01-2.7, P=0.045),'* and has been
suggested in numerous retrospective case series to cause
ileal impactions.'®?° Coastal Bermudagrass hay was
confirmed as a risk factor for ileal impactions in a retro-
spective case control study by Little and Blikslager,'’
who found that horses fed Coastal Bermudagrass had a
4.4 times higher risk for ileal impaction (95% CI 2.1-
9.1) versus non-colic controls; a 5.7 times higher risk
(95% CI 2.4-13.6) for medical colic, and a 2.7 times
higher risk (95% CI 1.2-6.5) for surgical colic. However,
this study also noted that feeding Coastal Bermudagrass
alone did not increase the risk of colic in general and
diluting it with other hays did not reduce the risk of ileal
impactions.

Alfalfa hay has been associated with an alkalinizing
effect on the colonic ingesta, resulting in alterations in
microflora and a reduction in volatile fatty acid produc-
tion, which produces an environment suited to the
formation of enteroliths.?! In one study, the odds of
enterolithiasis were increased if the diet was comprised
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of >50% alfalfa (OR=4.2, 95% CI 1.3-12.9, P=0.01)."?
Two additional studies confirmed this finding, support-
ing the restriction of alfalfa hay from the diet of horses
at risk for enterolithiasis.!'*> One possible explanation
is that the high magnesium content of alfalfa contrib-
utes to its alkalinizing effect on colon contents.?*?
In addition, the high protein content may decrease
magnesium absorption and increase ammonia to precip-
itate minerals and form enteroliths.?* Conversely, grass
hays may be useful for prevention of enteroliths and
were noted to have a protective effect if fed at greater
than 50% of the diet."

3.1.3 Feeds and Colic: Concentrates

Carbohydrate rich feeds, including grains, are the most
commonly implicated dietary cause of colic in the horse,
likely due to the well-documented influences of this
substrate on the flora of the equine gastrointestinal
tract.** While carbohydrates are much more abundant
in grains, there is also a significant difference in the type
of carbohydrate present versus forages. In general,
carbohydrates can be grouped into two groups: rapidly
hydrolyzable carbohydrates (starches, hexoses, disac-
charides, and some oligosaccharides), which are pri-
marily degraded in the small intestine and fermentable
carbohydrates degraded by bacterial populations to
short chain fatty acids (acetate, propionate, and buty-
rate) in the large intestine and cecum.” Grains contain
larger quantities of rapidly hydrolysable carbohydrates.

Hydrolysable carbohydrates in the small intestine are
normally degraded by pancreatic a-amylase to oligosac-
charides, which are further digested by brush-border
enzymes to glucose for absorption.?*-2® While glucose
transport by enterocytes can be improved with
adaptation to high starch feeds, this adaptation relies on
the presence of monosaccharides produced by amylase
to stimulate this adaptive process.” However, the
overall activity of amylase in the horse is low compared
to other species®® and highly variable between horses.?”%°
The lack of sufficient amylase has been proposed as
the rate limiting step of carbohydrate digestion in the
horse.*!

Research supports this conclusion by documenting
starch intake exceeding 0.4% of body weight in one
meal can allow hydrolyzable carbohydrates to pass into
the hindgut of the horse.>? In the cecum and colon,
carbohydrates are fermented to lactic acid by saccharo-
lytic bacteria, reducing colonic pH and therefore the

survival of bacteria required for fiber fermentation
(Clostridiaceae,  Spirochaetaceae, and Fibrobacter
spp.).>** Changes in the microbial environment can
alter fermentable carbohydrate digestion,*® reduce the
production of volatile fatty acids,*****7*% dehydrate the
ingesta,>®** increase transit times,** and result in gas
distention of the large intestine,?® predisposing the horse
to colic.

In clinical patients, the association of concentrates
with colic was variable, having a significant effect in one
study (OR=2.6, 95% CI 0.9-7.2, P=0.064),° but no
effect in a second study.'? While feeding more than
2.7kg of oats per day increased the risk of colic in the
study by Hudson et al. (OR=5.9, 95% CI 1.6-22,
P=0.009),° previous work noted that any whole grain
(oats, barley, etc.) was associated with an increased risk
of colic if fed in amounts greater than 2.5kg per meal
(OR=4.8, 95% CI 1.4-16.6, P=0.01)."” Another study
found that only whole corn was a risk factor.?> Pelleting
grain may increase the risk of colic, but studies were not
as clear.>!7*! However, changes in the concentrate fed
was shown statistically to increase the risk of colic
(OR=3.6, 95% CI 1.6-5.4, P<0.001).'” Current recom-
mendations regarding concentrates advise feeding less
than 0.2% of body weight per meal to prevent adverse
effects on digestion.**

3.1.4 General Practices to Prevent Colic
Prevention of colic should be centered on providing a
consistent diet, since dietary change is the factor most
commonly associated with colic in the horse.o®417:4344
Variations in the type of feed (forages, concentrates, as
well as pasture turnout), quantity provided, and fre-
quency that feed is offered all may play a role in altering
the pH of ingesta and the bacterial populations that are
relied upon for effective digestion.®*!” Therefore, the
horse should be provided at least 60% of its diet from
forage sources, at a minimum of 1-1.5% of body
weight.* Concentrates should be kept to a minimum
and provided in three or more feedings per day to
reduce acid production in the stomach and colon.** If
additional energy sources are required, vegetable oil,
strained sugar beet pulp, or soy hulls are good alterna-
tives to starch-based feeds. Finally, any change in the
horse’s diet should occur over 7-10 days, to allow
adjustment of the microbial population, small intestinal
enzymes, and glucose transporters required for carbo-
hydrate digestion.*®
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3.2 Nutritional Plans for Horses
with Colic

3.2.1 Identifying Nutritional Status

The first step in selecting a nutrition plan for a horse
with colic is to evaluate the animal’s existing nutritional
status and body condition score (BCS). Horses in good
BCS are believed to be able to withstand fasting for 2-3
days with no adverse effects. However, horses with
emaciated BCS or with comorbidities that affect their
ability to gain and maintain weight are candidates for
immediate nutritional support. Concurrent conditions
that may indicate the need for supplementation include
growth, sepsis, endotoxemia, lactation, gestation in the
third trimester, abdominal or thoracic abscesses, diarrhea,
bowel resection, intestinal ischemia, or malabsorptive
diseases.*”*® While underweight horses are easy to
identify as in need of support, overconditioned horses
may have a similar need for early nutritional interven-
tion due to their intolerance of feed deprivation and the
risk of hyperlipemia.*’

It can be difficult to assess overall nutritional status at
initial examination, often due to lack of a reliable his-
tory of dietary intake, recent weight loss, duration of
illness, and recent changes in diet. Several scales have
been proposed for humans to determine baseline nutri-
tional deficiencies, including weight, height, protein
markers, historical observations of dietary changes and
nutrient intake, gastrointestinal function, and comorbid
conditions.”® However, these tools were designed for
accuracy based upon specific populations of patients,
therefore, their results cannot be extrapolated between
groups and especially between species.>'—>*

In addition, these scales force the clinician to choose
an outcome, either recognizing established malnutrition
or identifying the risk of malnutrition. Unfortunately,
veterinarians usually would like to identify both risks in
horses. There is currently no validated tool for use in
equine patients, but a good history, physical examina-
tion, laboratory data, and feed analysis can provide
information into the patient’s nutritional needs.
Adequate investigation should allow the veterinarian to
identify horses who are already malnourished, as well
as those that may require additional nutritional support
to prevent inadequacies.

Initially, the veterinarian should obtain a complete
history, including signalment, training regimen, and
current housing. Changes in body condition can be

derived from medical records, but more commonly this
requires a careful interview of the owner to reduce bias.
Any pertinent medical history, including previous colic
surgery and current medications, should be noted. It is
important to record not only prescribed medications, but
alternative therapies including enzyme supplements,
probiotics, vitamins, minerals, and herbal remedies. Any
changes in diet, housing, performance, appetite, atti-
tude, and fecal production should be discussed.

The patient should then be thoroughly examined to
further the clinician’s understanding of the patient’s
current nutritional status. If possible, body weight
should be objectively measured with a scale to obtain an
admission baseline for assessment of changes during
hospitalization. Body weight is also useful to determine
nutrient requirements and doses of medications, as well
as to make adjustments in the feeding management.
Repeated measurement of body weight should be
obtained at a consistent time, ideally before feeding in
the morning, to prevent acute alterations due to water
intake and gastrointestinal fill. It is also important to
consider hydration status, body cavity effusions, and
feed intake at the time of weighing when assessing
changes in body weight. For example, body weight can
change between 5-12% based on level of hydration and
procedures such as large colon lavage can remove
50-701 of ingesta at one time.”> When a scale is not
available, body weight can be estimated from
measurement of the heart girth and the length of the
horse using the following formula.>*

Weight in pounds= (heart girth[inches])2
x body length [inches]B 30

or

Weight in kilograms = (heart gir‘[h[cm])Z
xbody length[cm]/11,877

The heart girth is the circumference of the thorax of
the horse, just behind the triceps at the highest point
of the withers. Measurement of heart girth should be
obtained at exhalation. The length of the horse is
obtained by measuring from the point of the shoulder to
the tuber ischii. It is important to use an inelastic tape for
best accuracy. The tape should not be pulled too tightly
and the horse should be standing square and level.
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Table 3.2 Equine Body Condition Scoring System (adapted from Henneke et al., 1983).%8

1 Poor/Severe
emaciation

2 Very thin/
Emaciated

3 Thin

4 Moderately thin
5 Moderate

6 Moderately

fleshy
7 Fleshy

Spinous processes, ribs, tailhead, tuber coxae, and tuber ischii are prominent. Scapula and cervical vertebrae
are easily palpable. No fatty tissue can be felt.

Slight fat covers the base of the spinous processes. Transverse processes of lumbar vertebrae are rounded.
Spinous processes, ribs, tailhead, tuber coxae, and tuber ischii are prominent. Scapula and cervical
vertebrae are faintly palpable.

Transverse processes cannot be palpated. Slight fat cover on ribs and spinous processes. Tailhead
prominent, but individual vertebrae not distinguishable. Tuber ischii rounded, but noticeable. Greater
trochanter not distinguishable. Withers, shoulders, and neck accentuated.

Slight ridge along back, faint outline of ribs noted, tailhead has some fat, point of hip not distinguishable.
Back flat, ribs not visible, but palpable. Fat on tailhead is slightly spongy, withers rounded over spinous
processes, shoulders and neck blend smoothly.

Slight crease down back. Fat over ribs is spongy, fat over tailhead is soft. Fat deposits along sides of
withers, behind shoulders, and along sides of neck.

May have crease down back. Individual ribs can be felt, but fat is noted between ribs. Fat around tailhead

soft. Fat along withers, behind shoulder, and along neck.
8 Fat Crease down back. Difficult to feel ribs. Fat around tailhead very soft. Area along withers and behind
shoulder filled with fat. Neck thickened. Fat along inner thighs.

9 Extremely fat

Obvious crease down back. Fat over ribs, bulging over tailhead, along withers, behind shoulders,

and along neck. Fat inside inner thighs may rub. Flank filled with fat.

This formula estimates the mature body weight and
this calculation is unaffected by hydration status or
ingestion of feed. While the calculation has been shown
to be accurate in smaller horses, it should be used with
some caution in horses over 15 hands high.>” For the best
estimate of weight, the heart girth and body length should
be obtained three times and averaged to reduce error.

While body weight is an objective measure of nutri-
tional status, it does not provide insight into the
nutritional history of the horse in terms of chronic
catabolic conditions, as well as evaluating states of
over-conditioning. Use of a BCS system is recommended
to provide a subjective assessment of the horse’s adipose
reserves and lean muscle mass. A nine-point system has
been developed that is useful in light breeds,*® and it has
been applied with modifications in warm-blood horses
(see Table 3.2).°%¢® This scale provides a BCS for the
amount of fat noted at six discreet areas (neck, withers,
behind the shoulders, over the ribs, along the spine, and
around the tail head) and is helpful to determine if the
weight of a horse is appropriate for its frame. Body
condition score has been shown to be positively corre-
lated with body fat percentage®®¢! and has been verified
by ultrasonography, which noted a good correlation
between BCS and the amount of fat deposited at the tail-
head, thirteenth rib, and withers.®?

Plasma protein biochemical

markers, including

albumin, transferrin, and retinol binding protein, have

been used in humans to determine nutritional status,
assuming that a decrease in plasma protein is due to
reduced hepatic synthesis.> However, most of these
traditional protein markers are acute phase proteins
and are not validated for critical patients.***¢ Albumin,
in particular, is affected by a number of changes related
to disease status. Blood albumin concentration is
reduced by overhydration, dilution, increased renal,
vascular, or gastrointestinal permeability, and decreased
production by the liver due to disease or a negative
acute phase response. The half-life of albumin in the
horse is 19-21 days, therefore, changes in serum
concentration will not be immediately noted.®” In
horses, albumin has not been shown to be sensitive to
nutritional status or supplemental feeding, in agreement
with findings in critically ill humans. Albumin signifi-
cantly increased in horses that were not fed after small
intestinal resections, versus those that were supported
with parenteral nutrition, likely due to a dilutional
effect (P=0.044).°® Therefore, physical examination
and historical information remain the best predictors of
nutritional status.

3.2.2 Nutritional Requirements of Horses
with Colic

The dietary requirements of healthy horses based on
mature body weight have been established through
feeding trials and have been published by the National
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Research Council (NRC) and others.®” While daily
requirements have been determined for a number of life
stages and activities, it is important to recognize that
each patient with colic will deviate from these published
requirements due to individual variations in nutrient
absorption, losses, and metabolism. In addition, these
guidelines provide only the minimum requirements for
each nutrient; therefore, horses with impaired
absorption, digestion, and metabolism may fall short of
meeting their need if fed to standard. While helpful, it is
difficult to extrapolate these guidelines to horses with
colic and additional factors including history, physical
exam, and assessment of BCS are essential to determine
nutritional needs.

It is thought that well-conditioned horses can with-
stand a short period of fasting. Donkeys and mules have
been kept off feed for 10 days without deleterious effect
on the major body organs.” The actual length of time
that a horse can go without feed may be even longer,
based on historical evidence in humans that noted a lack
of adverse effects on organ systems during starvation up
to 30 days.”' There are three factors that affect the
metabolism and energy requirements of the colic
patient: (1) stall rest, which reduces energy needs, (2)
disease processes such as surgery or sepsis that may
increase needs, and (3) starvation, which can reduce
energy requirements due to reductions in energy lost
through fermentation and digestive processes.”> The
effects of starvation and disease are difficult to quantify.

The goal for the equine clinician treating horses with
colic is to estimate energy needs using the requirements
of the stalled patient in a thermoneutral environment,
called the resting energy requirements (RER) or resting
energy expenditure. The ideal method for determining
RER in critical human patients is through indirect calo-
rimetry, which avoids the inaccuracies of metabolic
formulas based on individual patient populations.””
This method calculates the individual patient’s caloric
requirements from measurements of oxygen uptake
and carbon dioxide excretion using closed circuit
spirometry.”#7¢ Measurements may have inaccuracies
due to pain or anxiety,’*’® changes in ventilation,”*8
acute changes in pH,** sympathomemetic medica-
tions,®*%> leaks or resistance in the spirometry system,”¢78
and the inspired oxygen concentration administered
to the patient.®**” These variables and the lack of avail-
ability of spirometers in veterinary practice make
accurate measurements difficult.

The RER of normal, stall rested horses using indirect

calorimetry can be estimated by the following

calculation:®®

RER = 21.28kcal x body weight(kg)+975

For a 500-kg horse, the calculated RER using this
equation is 11,615kcal. This number would be an ideal
starting point for calculation of feeding plans for horses
hospitalized with severe colic. However, most horses
affected with colic recover quickly, with little disruption
in their activities or routine. Therefore, a second
equation, called the daily digestible energy requirement
(DER), may be more appropriate.® It factors in the addi-
tional energy required to maintain normothermia in
varied environments as well as minimal activity levels
(i.e., walking, grazing).

DER horses<600kg(Mcal) =1.4 +(0.03x BW [kg])
DER horses>600kg(Mcal) =1.82+(BW [kg]x0.0383)
-(0.000015xBW [kg])

For a 500-kg horse, DER equates to 16,400kcal per
day. The clinician should consider the severity of illness
when calculating the diet for refeeding, to decide if RER
or DDE is more appropriate.

Stress factors or multipliers that estimate the increase
or decrease in basal metabolic rate have been developed
to assess the impact of illness and disease on the energy
expenditure of the critically ill.%* It is important to con-
sider that these factors were developed using subjec-
tively defined study groups, therefore the relevance of
these multipliers has recently come into question.”
There are numerous factors that can influence the met-
abolic rate of a critical patient (see Table 3.3) and these
influences as well as the fact that these multipliers were
developed in humans must be considered when extrap-
olating to the equine patient.

Energy expenditure multipliers for equine patients
are lacking, specifically following gastrointestinal sur-
gery, but in humans undergoing surgical procedures,
energy expenditure is estimated to be 23-31kcal/kg/
day,’*' which is approximately 1.24-1.4 times higher
than resting energy expenditure. In horses, the RER
of post-operative colic patients has been estimated
based on human studies to be 1.3 times the RER.?
More recently, closed circuit spirometry has been used
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Table 3.3 Factors that can influence the resting
energy expenditure of the critically ill horse
(Source: Reid et al., 2004).>*

Factors decreasing
energy expenditure

Factors increasing
energy expenditure

Absorptive abnormalities ~ Anesthesia
Burns Hypothermia
Diarrhea Recumbency
Disease state Sedation
Gastrointestinal reflux Stall rest
Hyperthermia Starvation
Pyrexia

Surgery

Trauma/wounds

to provide a more accurate estimate. A standardized
abdominal exploratory via ventral midline incision
under general anesthesia resulted in an increase of 1.0
Mcal/kg/day, equating to a 1.1 times increase in RER.”®
Based on this study, adjustments using energy expenditure
multipliers are probably not required.

3.3 Routes for Feeding Horses
Recovering from Colic

Colic in the horse is often a short-term disease process,
such as gas colic or mild impaction.”> These conditions
resolve quickly with minimal medical therapy and allow
for rapid reintroduction to oral feedings. However,
severe impactions and some surgical conditions, such as
small intestinal resections, may require a period of feed
withholding during the acute recovery period. Ideally,
veterinarians would provide nutritional support by
enteral or parenteral methods for any horse held off
feed for longer than 4-5 days. In reality, clinicians are
often placed in situations based on finances or the unex-
pected course of the disease that results in a lack of
supplementation for longer than expected.

The method for providing nutrition to horses that
have experienced colic will vary depending on a number
of factors, including the cause of the colic, appetite, sur-
gical procedures performed, duration of illness, and
finances of the owner. Most importantly with gastroin-
testinal disease, the primary problem must be addressed
before enteral nutrition is permitted. The overall goal is
to gradually reintroduce voluntary intake and there are

strengths and weaknesses to any program. However,
there are three basic feeding methods for horses recov-
ering from colic: (1) voluntary intake, (2) supportive
enteral nutrition, and (3) supportive parenteral nutrition.

3.3.1 Voluntary Intake

Clinical cases have supported the idea that horses may
withstand brief periods of fasting without ill effects.*
Once feed is provided, if >85% of the calculated RER
can be achieved after a gradual reintroduction, then no
other form of supportive nutrition is required.*
In horses with an extended period of anorexia, feed
should be reintroduced at 25% of the RER and increased
by 25% each day if tolerated, until the amount provided
is greater than 85% of the calculated energy require-
ments.*” In horses with a shorter course of disease,
reintroduction can occur much quicker.

Feeds should be reintroduced once signs of colic have
resolved, transit time returns to normal with no evi-
dence of positive nasogastric reflux, and gastrointestinal
borborygmi are adequate. Most commonly, horses are
first challenged with water provided in small amounts
to ensure adequate progressive motility. If oral fluids are
tolerated without colic, then feed is introduced. The vet-
erinarian should provide a feed that the owners can
readily obtain and will provide the energy needed for
work to ensure compliance and prevent feed changes
during early convalescence. If dietary factors, such as
the type of hay fed, were a predisposing factor for colic,
then these feeds should be avoided during the refeeding
process. It is also recommended to avoid feeding grains
or other concentrates for the first 2 weeks after the colic
episode in order to reduce further disturbances in gas-
trointestinal microflora.” If concentrates are required to
maintain the horse’s level of athletic performance,
grains should be reintroduced at a rate of 0.1% of body
weight (or 0.5kg per 500kg of body weight) per feeding,
increasing slowly each day.

Horses recovering from colic rarely refuse voluntary
intake of feeds and often will continue to try to eat
despite severe abdominal discomfort. There are instances
when feeds may be rejected, either due to the novelty of
the feed item, consistency, palatability, or boredom. In
these horses, a variety of feeds should be provided in a
buffet-type setting, to determine which food the horse
prefers.”® While some feedstuffs may not be ideal
(i.e., sweet feed), the items that a horse selects may
allow the clinician to add small amounts of less palatable,
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but more wholesome feeds to improve intake. Other
methods to improve feed palatability include adding
molasses or pancake syrup to sweeten the feed. While
pharmaceuticals are controversial as appetite stimulants
in horses, there is a report of improvement using diaz-
epam (0.02-0.03mg/kg, IV).”” In this study, aceproma-
zine (0.5mg/kg, IV) also had an effect, although less
marked. Cyproheptadine (0.6-1.2mg/kg, PO, q24 h) and
anabolic steroids are also useful to stimulate appetite.

The ideal feed for reintroduction is grass, based on the
natural physiology of the horse. Grazing the horse for
20-30min at a time will provide a slow reintroduction
of feeding and allow the clinician to monitor for any
unresolved gastrointestinal complications. In addition,
the exercise it provides will stimulate gastrointestinal
motility. Based on research on digestible energy obtained
during grazing over time, this amount of grazing will
provide approximately 1.2-1.8kcal/kg per feeding.?®
Therefore, a 500-kg horse can be grazed initially 3-5
times per day to provide approximately 25% of the
RER. Grazing should be increased as tolerated and full
feeding should be attained within 2-3 days.

Pastures are often limited, so hay can be provided as
an alternative forage. Small quantities of hay should be
offered at first. Most sources recommend starting at
0.5kg (1.11b) of good quality hay offered 4-6 times per
day.” The quality of hay can vary significantly, so when
feed analysis is not available, first cutting hays are
preferred. This conservative rate of feeding will supply
approximately half of the RER when fed 6 times a day to
a 500-kg horse. However, concerns about strictures or

edema reducing lumen size may reduce the size of these
meals initially, to ensure adequate passage of ingesta.
Feeding 0.25kg of hay will provide approximately 25%
of the daily needs for a 500-kg horse. This slow intro-
duction of feed is advisable for any horse that has been
anorexic for more than 4 days. Weighing the hay will
help in monitoring intake, since different grasses,
growing climates, and baling techniques can radically
affect the weight of the hay per volume, bale weight,
and amount of hay per flake.

In general, forages are similar in that they are high in
fiber and will stimulate the production of volatile fatty
acids in the hindgut. The protein content can vary
significantly between types of hay. Therefore, protein
supplements may be required for horses fed low protein
hay (i.e., Coastal Bermudagrass), especially if the horse
is in a state of malnutrition. In addition, calcium and
potassium are often deficient in horses held off feed and
serum concentrations should be monitored closely
when refeeding colicky horses.

Cubed or pelleted forages can be a forage alternative
for horses with dental disease, metabolic or respiratory
issues, restricted gastrointestinal luminal size, or in
areas with reduced availability of suitable feedstuffs (see
Table 3.4). These feeds can replace hay or pasture in the
diet and soaking can be helpful to reduce dust and
decrease the chance of esophageal obstruction. Alfalfa
cubes or chopped hay are preferable to pelleted forages,
due to the positive effects of long stem fiber on the
gastrointestinal flora. A minimum of 1-1.5% of body
weight of hay is required for maintenance.”

Table 3.4 Nutritional composition of commonly fed forage alternatives that can provide adequate fiber length to horses with dental

problems or those who cannot chew and swallow hay.

DE kcal/ Crude Protein % Fat % Crude Fiber DM* % Ca % DM* P % DM* Mg % DM* K % DM*
kg DM*  (min) (min) % (max) (min) (min)
Alfalfa pellets? 2380 17 1.0 28 90 1.40 0.26 0.34 2.41
Chopped alfalfa hay® 2112 15 2.5 30 88.2 1.10 0.28 0.19 2.96
Chopped grass 2024 8 2.5 30 90.3 0.50 0.21 0.16 1.97
forage®
Alfalfa cubes® 2156 15 1.5 30 88.0 1.10 0.25 0.28 1.60
Alfalfa-timothy 2112 12 1.8 32 88.0 0.89 0.30 0.25 1.60

cubes®

* Dry matter
2 Minnesota Valley Alfalfa Producers, Raymond, MN
b Triple Crown Nutrition, Wayzata, MN
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Another alternative to forages for horses recovering
from colic is complete pelleted rations. Complete feeds
are often preferred during recuperation from more
complicated causes of colic, such as an anastomosis with
questionable lumen size or in cases where large colon
fiber digestibility has been compromised by resection or
ischemia. There are many complete feeds on the market,
but all can be fed as the sole ration if required (see
Table 3.5). Complete feeds are nutritionally balanced for
maintenance and provide adequate fiber to stimulate
mucosal recovery. However, once the horse has fully
recovered from the colic episode, a source of long
stem fiber, such as hay, chopped hay, or hay cubes, is
recommended to ensure healthy hindgut microbial
populations.

Pelleted feeds can be introduced at a rate of 25-50%
of the total daily ration digestible energy (DE), divided
into meals fed every 3-6h, and increasing by 25% each
day until a full ration is reached. For example, a 500-kg
horse would require 6.1kg (13.41b) of a complete senior
feed per day for maintenance. Starting at 25% of the
total daily energy requirements would equate to 1.5kg
(3.31b) of feed per day, which would be split into feed-
ings of 0.2kg (0.51b) every 3 h. Pelleted rations can be
soaked in water to improve motility through the
intestinal lumen, and to provide additional water intake.
However, some horses may refuse wet feed due to its
texture or temperature. It is imperative to tailor the diet
to each horse’s individual needs and preferences.
Additional dietary adjustments for preexisting malnutri-
tion, performance, and maintenance can be addressed
after the horse is re-established on its full ration.

While forages and complete manufactured feeds are
ideal based on their nutrient profiles, some horses may
refuse to eat these feeds. Additional feed choices may be
selected based on availability or clinician preference.
Commonly used feedstuffs for horses recovering from
colic include beet pulp, vegetable oils, rice bran, and soy
hulls (see Table 3.6).

Beet pulp is commonly used as an alternative fiber
source, although it should not be used as a sole source of
forage since it lacks some necessary vitamins and min-
erals. The maximum amount that can be fed is unknown,
but estimated to be close to 1% of body weight per
day.'® While none of these feeds are complete nutrition-
ally by themselves, they can provide the horse with the
variety it is seeking to stimulate appetite and interest.
They can also be used in conjunction with complete

forage and pelleted diets to increase energy, protein,
or improve palatability.

It is important to consider the function of the digestive
system when returning the horse to feed. In particular,
fats are absorbed after lipolysis in the small intestine.
Therefore, small intestinal disease may reduce the
ability to convert dietary fats to energy. There should
also be concern over providing feeds that could increase
the glycemic index in horses with metabolic disorders.
Sweet feeds, corn, oats, and other grains should be
avoided, whereas beet pulp, alfalfa, rice bran, and soy
hulls are relatively safe.’®® However, the preparation of
certain feeds must be considered, since beet pulp with
molasses has a glycemic index close to oats.*’

Some clinicians have expressed concern over the
energy content of wheat bran, purported to have a
laxative effect by drawing water into the intestinal
lumen. Wheat bran’s glycemic index is intermediate and
large amounts in the diet may be of concern in horses
with metabolic disease or disruptions in the colonic
flora, which may exacerbate diarrhea. In addition, both
wheat and rice bran have inverted calcium phosphorus
rations, which can lead to nutritional secondary hyper-
parathyroidism when fed in excess and without supple-
mental calcium. It is currently recommended to limit
these feeds to less than one pound per day in a 500-kg
horse.!®!

3.3.2 Supportive Enteral Nutrition

Voluntary intake is the preferred route to provide nutri-
tion in horses recovering from colic. It is rare for a horse
to refuse to eat, as long as it is provided with palatable
feeds. However, there are instances where oral intake
cannot and should not be allowed. Most commonly, this
occurs with injury or diseases affecting the oral cavity or
esophagus, such as pharyngeal trauma and esophageal
strictures, resulting in dysphagia or the inability to
swallow. In these instances, enteral nutrition can be
provided via an esophagostomy or nasogastric tube to
provide nutrients.

Enteral nutrition is preferred over parenteral routes
due to the positive effect it provides for mucosal recovery
and maintenance of the gastrointestinal barrier to
enteric pathogens and endotoxin.!?>1% Based on work
in other species, a complete and balanced oral diet pro-
vides nutrients that are selected by different enterocytes
along the gastrointestinal tract to maintain this
barrier.!%>1% It is especially important in the horse to
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provide a source of fiber in enteral diets, which is
essential for gastriointestinal activity, mucosal blood
flow, cell growth, and absorption of nutrients.!%” Enteral
nutrition should be provided as early as possible, based
on its positive effects on mortality, length of hospitali-
zation, infection, and metabolic response to illness in
critically ill human patients.!0>-108:109

In horses, supplemental enteral nutrition can be
provided using a nasogastric tube placed into the
stomach (approximately at the 12th rib). A 14 French
nasogastric tube is preferred for blenderized component
diets, but for liquid diets a smaller 18 F feeding tube can
be placed. Feeding tubes may be placed by nasogastric
intubation or through an esophagostomy aboral to the
site of injury or obstruction. While accurate placement
can be determined by palpation or aspiration of gastro-
intestinal contents with larger tubes, smaller tubes will
require endoscopy or radiography to ensure proper
position. Once inserted, the tube is capped when not in
use, secured to the halter with tape, and flushed with
warm water before and after each feeding to maintain
patency.

There are three types of diets that have been adminis-
tered by feeding tubes to the horse. First is a blenderized
diet of commercially available complete pellets, which
can be administered through a 14 F nasogastric tube.!'°
Any of the pelleted diets listed in Table 3.6 are nutrition-
ally balanced and can be administered in this fashion.
However, it is advisable to avoid any feed that contains
whole grains, such as oats, to avoid clogging the tube.
It is also helpful to purchase a blender to further reduce
particle size. Approximately 0.5 kg (11b) of pellets can be
mixed with 2-41 of water to form a slurry meal. If addi-
tional calories are needed, vegetable oil can be added
and one cup (240ml) will provide an additional 1.9
Mcal. While time consuming, these blenderized diets are
a cost-effective alternative to other enteral diets.

An alternative is to feed a powdered commercial diet
(Welsolve Wel-Gel®, Purina Mills, St. Louis, MO) to
reduce problems with particle size caused by grinding
pellets. This is a complete formula, providing 100% of the
NRC requirements for protein, vitamins and minerals, as
well as fiber for hindgut fermentation.*® This diet can be
administered through a nasogastric tube at a rate of 0.3%
of bodyweight per day for up to 5 days. For horses requiring
extended enteral feeding, additional calories may be
needed to meet energy requirements, and vegetable oil,
dextrose, or molasses can be added to the formula.

Table 3.7 The Naylor Component Diet. This diet is thick
and usually fed as-is, rather than via nasogastric tube. Total DE
supplied is 2,770kcal/51. (Adapted from Naylor et al., 1992.)**

Alfalfa pellets 4549
Casein/cottage cheese 2049
Dextrose 2049
Electrolytes* 52g
Water 51
Electrolyte mixture (approximately meets daily requirements)*
Kl 759
Cacl, 459
MgO 259
Bicarbonate 159
NaCl 109

Component diets are a second choice for enteral
feeding in the horse. In this case, the dietary require-
ments are met by selecting whole feeds that will provide
the essential nutrients. Often these diets are alfalfa
pellet-based, therefore they will still require a larger
nasogastric tube for administration. The most com-
monly cited formula was published by Naylor® (see
Table 3.7) and is composed of alfalfa, casein, dextrose,
and electrolytes. While it is possible for the clinician to
more closely tailor the diet to the needs of the specific
patient, component diets are more complicated to mix
and are often deficient in key vitamins and minerals
that preclude long term use.

A more complete equine commercial enteral diet is
also available (Critical Care Meals™, MD’s Choice,
Louisville, TN). The advantages of this diet are the
known quantities of essential nutrients and the ability
to adjust its composition to meet the needs of an
individual patient. Additional ingredients include lac-
tase, glutamine, L-arginine, vitamins, trace minerals,
and antioxidants.

A low residue elemental liquid feed (Vital® HN and
Osmolite®; Abbott Nutrition, Columbus, OH) is the
third type of enteral diet that has been used in adult
horses.''*'* These diets are low fat and composed of soy
and whey or casein proteins, individual peptides,
sucrose and/or maltodextrin for carbohydrates, and fats
from safflower oil, canola, medium chain triglycerides,
and lecithin. These diets were designed as a complete
enteral feed for human gastrointestinal patients to be
administered through an 8 F feeding tube. The nutrient
profiles are probably not complete for herbivores and
neither diet contains a source of fiber. As a result, low



Gastrointestinal system 21

volume diarrhea is common with these diets.!'%!13
An additional disadvantage is the higher cost.

Enteral diets are typically introduced starting at 25%
of the target on day one, then increasing by 25% each
day until the dietary goal is met. If the horse is handling
these small feedings well, then the number of feedings
per day can be reduced to make it more manageable for
caretakers. However, an individual feeding should never
exceed 8 liters, based on the stomach volume of a 500-
kg horse. Horses on enteral feed should be checked for
gastric reflux at each feeding and the diet adjusted
accordingly.

Complications of enteral feedings are often the result
of diet formulations containing high carbohydrates and
low fiber. This is commonly seen with low residue, ele-
mental diets that can cause diarrhea in the horse.*>110-113
Additional problems include colic, ileus, gastrointestinal
stasis, and laminitis. Direct complications of nasogastric
intubation include rhinitis, pharyngitis, aspiration, and
esophageal or pharyngeal perforation.!'* With esopha-
gostomy, mediastinitis, laryngeal hemiplegia, diver-
ticula, and local infection may result.!!>!!* Enteral
nutrition is contraindicated in horses with gastrointes-
tinal obstruction, hypovolemia, or cardiovascular shock,
when gastrointestinal tract functional is impaired. In
these patients, parenteral nutrition is advisable.

When administering enteral nutrition, especially ele-
mental diets, the horse should be monitored carefully
with regular physical examinations. The feeding tube
should be flushed regularly and the horse weighed daily
to determine if the volume of feed is adequate. Once the
horse has recovered, it should be gradually weaned
from enteral feedings. Reducing the number of feedings
and removing the tube in between will allow the horse
to start voluntary feedings. It is important to remember
that an esophagostomy tube must remain in place for
10-14 days until healing has occurred to prevent
mediastinitis.'!*

3.3.3 Parenteral Nutrition

Parenteral nutrition is recommended for horses that are
unable to receive enteral feedings. In horses suffering
from colic, this is commonly due to gastrointestinal
obstructions, sustained anorexia, ileus, or infectious
causes. Parenteral feeding should be considered in any
horse that is not expected to eat for more than 5
days.!'”!® However, initiation of parenteral nutrition
should not be delayed in horses with poor BCS (<3/9),

or in cases with increased metabolic demands, including
pregnancy and lactation, which may reduce the body’s
ability to compensate for even short-term feed with-
holding. Horses in circulatory shock are also candidates
for parenteral nutrition due to reduced gastrointestinal
perfusion preventing normal digestion and absorption.

There is currently no evidence from human retro-
spective studies for early institution of IV nutritional
support and there is some evidence that suggests use of
parenteral nutrition may even increase infection and
mortality rates.!'*-!?! However, in malnourished patients
(<90% of ideal body weight), parenteral nutrition
improved survival; therefore, it is advised that supple-
mentation should not be delayed in these cases. In fact,
when directly compared to enteral nutrition, parenteral
nutrition made no significant difference in the clinical
outcome.!?*!2 Current recommendations for patients in
adequate body condition by the Society of Critical Care
Medicine and the American Society for Parenteral and
Enteral Nutrition state that parenteral nutrition should
be provided only if enteral nutrition is not available and
only if the problem persists for more than 7 days.®> The
European Society for Parenteral and Enteral Nutrition
however, recommends immediate supplementation if
the person is not expected to take food enterally within
3 days, based on aggressive guidelines to prevent
malnutrition.!'?*

Research in veterinary medicine is more limited, but
appears to agree with the more conservative human
practice guidelines. In horses receiving parenteral nutri-
tion immediately post-operatively, there has been no
evidence of any benefit in terms of duration of hospital-
ization, survival, or cost of treatment.!* One study
reported increased mortality rates in horses receiving
parenteral nutrition, however, the report may have
been hampered by the biased selection of more severe
cases for administration of parenteral nutrition.?
Despite this evidence, there have been some benetfits
reported in horses, including significant improvements
in triglyceride concentration and reduced hyperbilirubi-
nemia in post-operative intestinal resections that were
administered parenteral nutrition, which may point to
an improved plane of nutrition in these horses.®®
Intravenous nutrition may also be used as an adjunct to
enteral nutrition, if enteral intake is less than 75% of
total caloric need.

Components of parenteral nutrition provide energy
via supplementation of carbohydrates and/or lipids,



22  Nutritional management of equine diseases and special cases

amino acids for protein synthesis, and reduced catabolic
muscle scavenging. Additional vitamins, minerals, and
electrolytes may also be included, based on the needs of
the individual patient. The optimum nutrient composi-
tion for parenteral nutrition in the horse is not known.
It is important, however, to provide the proper ratio and
levels of these ingredients to prevent complications
including hepatic lipidosis, hyperglycemia, and sepsis.

The first component of parenteral nutrition is an
energy source, typically 50% dextrose. Each gram of
dextrose provides 3.4kcal, but its high osmolality and
low caloric density make it difficult to provide sufficient
energy to the patient with dextrose solutions alone.
Typically, 40-60% of the non-protein calories in paren-
teral nutrition is supplied by dextrose and this rate
appears to be well tolerated by equine patients.*” 18

It is important to remember that carbohydrates are
not an essential nutrient.!** Glucose synthesis can occur
from a number of sources, including lactate, glycerol,
and amino acids in the liver, kidneys, muscle, and the
gastrointestinal organs.!?>!?2 In humans, basal glucose
requirements have been set at 2g/kg/day'® to supply
readily available energy to tissues without mitochon-
drial metabolism (red blood cells, leukocytes, renal
medulla) and tissues strongly reliant on glucose such as
the brain.'?* While muscle protein catabolism can be
reduced with exogenous glucose supplementation,
excessive concentrations in parenteral diets may result
in inflammation and oxidative injury. In humans, tight
glucose control has been advocated as a treatment for
oversupplementation or glucose intolerance, but it often
leads to hypoglycemia, which may increase mortality.'?®
Current recommendations are to simply prevent hyper-
glycemia with judicious parenteral supplementation.!?’

Lipids are an alternative to carbohydrates that can be
used to supply a portion of the metabolic energy needs.
They also may be beneficial to temper serum glucose
fluctuations. Each gram of lipid provides 9kcal/g and a
20% lipid solution will provide 2kcal/ml. A lipid solu-
tion of long chain fatty acids is usually comprised of
either soy or safflower oils and is iso-osmolar due to
the addition of glycerol. Lipids can be used to provide
up to 30-40% of the non-protein calories initially,
increasing to up to 60% of the total calories supplied.'*°
Advantages of incorporating lipids include a reduction
in dextrose in the solution, which will significantly
lower the tonicity and reduce the risk of thrombophle-
bitis. In addition, decreased dextrose concentrations

reduce the risk of hepatic lipidosis, osmotic diuresis,
and hypokalemia.!t&131132

However, lipids increase cost significantly and the
long chain fatty acids it provides may inhibit neutro-
phils, T-cell function, and the reticuloendothelial
system, increasing the risk of infection.!?!13>13 Tt is
important to monitor patients closely for lipemia and
hypertriglyceridemia, due to endotoxin’s inhibitory
effect on lipoprotein lipase production and activity that
can reduce clearance of lipids.!** Lipids should be
avoided in any patient at risk for hyperlipemia or with
increased serum triglycerides.

Precursors for protein synthesis are the final ingre-
dient commonly included in parenteral nutrition for
horses. These are provided by amino acid solutions of
varying concentrations, ranging from 8.5-10.0%. The
goal of amino acid supplementation is to spare the
breakdown of lean muscle, used for energy when carbo-
hydrates and fats are scarce, and allow for the produc-
tion of new proteins. The optimal protein requirements
for horses are difficult to quantify, since whole body
nitrogen balance is not a reliable measure of adequate
protein synthesis in the face of critical illness.!*”

In the healthy horse, enteral protein requirements
have been determined to be approximately 40 times the
DER in Mcal per day. If the efficiency of digestion and
absorption is 70% of total intake, this level of protein
supplementation provides approximately 0.9 g protein/
kg body weight/day.®® Since parenteral proteins bypass
the digestive process, they are closer to 100% available,
giving a parenteral nutrition protein requirement of
0.6-0.8 g/kg/day.®*!? In critically ill humans, the current
recommendations are to increase protein supplementa-
tion to 0.8-1.5g/kg/day to improve nitrogen balance in
severely stressed patients, without increasing metabolic
demands.!2¢13¢137 In horses, protein supplementation
supplied parenterally has ranged from 0.68-2.0g/kg/
day and since the protein requirements of a horse with
colic are not currently known, the clinician is still left
with making an educated guess.47-68125:13%

In critically ill patients, the anabolic effects of pro-
tein supplementation are hampered further by a
number of factors which reduce the ability to replace
or increase lean muscle. Physical activity is one factor
that is positively correlated with muscle protein
synthesis. Inactivity is an unavoidable consequence of
convalescence and will reduce the anabolic effect nor-
mally produced with amino acid supplementation.!4%14!
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Catecholamines and inflammatory mediators also
inhibit insulin activity and increase catabolism despite
adequate nutritional support.'*? These metabolic
factors further complicate calculation of protein
requirements for parenteral nutrition.

The level of protein supplementation must also be
balanced against the energy supplied by carbohydrates
and lipids to prevent the use of protein for energy or
storage as fat. The ratio of non-protein energy (kcal) to
nitrogen (g) should be between 1:100to 1:200kcal/g.*"13*
Protein is 16% nitrogen; therefore, grams of nitrogen
are obtained by multiplying 0.16 times the total amount
of protein. In general, lower amounts of protein are
required in animals with hepatic insufficiency, but
nitrogen requirements will increase by 25-30% in
permissive hypoalimentation (described in the next
Section 3.3.3.1) and may also be higher in malnourished
patients.!*”

It is essential to remember that a complete parenteral
nutrition formula also includes micronutrients,
including trace elements, vitamins, and minerals. While
the nutrient requirements for healthy horses have been
established by the NRC,* it is difficult to extrapolate
these guidelines to the requirements of critically ill
patients. Pre-existing nutrient deficiencies may compli-
cate the issue. While energy and protein requirements
can be monitored through indirect calorimetry, it is
not possible to measure micronutrient needs.
Supplementation should be provided for any horse on

parenteral nutrition for more than 3 days.

3.3.3.1 Calculation of Parenteral Nutrition
The composition of parenteral nutrition administered
to a horse with colic can be determined based on the
resting energy requirement previously discussed, multi-
plied by a factor for surgery (optional), and with addi-
tional calories added for previous malnutrition. The goal
for the nutrition formulation is to prevent muscle
wasting and maintain body weight until enteral feeding
is resumed. Often, calculations overestimate energy
expenditure, which can lead to hyperlipemia, hypercap-
nea, and hyperglycemia.'**-!*¢ However, hypoalimenta-
tion also has negative effects including increased risk of
infection and increased mortality.!47-148

To avoid complications of over or under feeding
patients, the current recommendation in human
medicine is permissive hypoalimentation for critically
ill patients, providing 33-65% of targeted calories

(9-18kcal/kg/day). This strategy avoids excess calories
while providing necessary energy and protein and has
been shown to improve survival and reduce sepsis.!*”14°
Based on these principles of permissive hypoalimenta-
tion when calculating equine parenteral nutrition, the
total resting energy requirement should be multiplied
by 33-65%, giving an initial rate between 7.7-15.0kcal/
kg/day. Based on the horses’ recovery, it can either be
weaned from parenteral nutrition onto oral feeds or the
rate can be increased up to RER, and then DER or higher
based on the needs of the individual patient.'** When
calculating parenteral nutrition for horses, it is impor-
tant to monitor changes in body weight and disease
status to determine if the parenteral nutrition provided
is adequate.

Practitioners with access to a compounding pharmacy
can calculate exact prescriptions for their patients in
terms of calories supplied, protein provided, and com-
ponents to provide energy requirements. An algorithm
is provided to allow for step by step prescriptions of total
parenteral nutrition (TPN; see Figure 3.1). In practice,
most clinicians use products readily available to mix
their own. These include 50% dextrose solutions, 8.5—
10.0% amino acid solutions, and 10-20% lipid solutions.
There are currently three forms of parenteral nutrition
commonly used in the horse.

Dextrose Solutions

First is a parenteral solution composed of dextrose only
(see Table 3.8). While dextrose can provide energy in
the short term to critical patients, it is not nutritionally
complete and will not prevent continued muscle wast-
ing. However, dextrose solutions are commonly used in
the horse for one advantage; its reduced cost. If selected,
dextrose infusions should be diluted to 5% or less
concentration, due to the increased risk of complica-
tions when higher (hypertonic: 600 mOsm/L) concen-
trations are infused into a peripheral vein. One option is
to add a hypertonic dextrose solution to a balanced
electrolyte solution to obtain the desired concentration.
Rates from 0.5-2.0mg/kg/min have been described, but
1.7 mg/kg/min is commonly used and well tolerated by
horses."”® However, this rate provides only 35% of the
RER, the minimum rate for permissive hypoalimenta-
tion, and may be inadequate for some horses. Excessive
rates of dextrose administration may result in hyperos-
molality, hypovolemia and hyperglycemia. In addition,
large volumes of isotonic fluids can have a significant
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Step 1: Calculate total daily

energy requirement (RER)

energy expenditure, equivalent to resting

RER = 21.28 kcal x body weight (kg) + 975

Example: RER = (21.28 kcal) x (500 kg) + 975 =

ol 11,615 kcal
RER = 23 kcal/kg/day
Step 2: Step 3:
Calculate non-protein energy requirements and Calculate crude protein (CP) requirements
composition (Range: 0.6-2.0 g/kg/day)

Dextrose solutions only Dextrose + Lipid

i Example: using 1.2 g/kg/day
Total daily CP (g) =

Total daily CP =
BW (kg) x rate (g/kg/day)

Range of composition:
Dextrose: 40-100% of RER
Lipid: 40-60% of RER

Energy from dextrose = RER

500kg x 1.2 g/kg/day = 600 g
Total volume of 8.5% amino

acid solution (AA) required = | |Total volume of 8.5% AA = 600

Example: using 50%
dextrose and 20% lipid
solutions for each to meet

Example: ml of 50%
dextrose required

CP (9)/(0.085 g/ml) 9/(0.085 g/ml) = 7,059 ml

Total DE provided by CP =
(0.34 kcal/ml) x AA (ml)

Total DE provided by CP =
(0.34 kcal/ml) x (7,059 ml) =

Jiilstes - ozimi 50% of RER (50:50 kcal basis) 2,400 keal
=6,832 ml
Supply 50% of RER.W|th Step 4:
e Determine non-protein energy to nitrogen ratio
0.5x 11,615 = 5,807 kcal (Goal: 100-150:1)
5,807/(1.7 kcal/ml)® =
3,416 ml of dextrose R
Non-protein energy to Example:
nitrogen ratio = Non-protein energy to
Supply 50% of RER with total non-protein energy nitrogen ratio =
20% lipid solution RER/total nitrogen 11,615 kcal/(600 g x 0.16) =
0.5x 11,615 = 5,807 kcal 121
5,807/(2.0 kcal/ml)° = CP = 16% nitrogen if < 100, increase RER
2,904 ml of lipids Therefore, total nitrogen = if > 150, decrease CP
0.16 x CP (g)
Step 5: Calculate total daily DE and infusion rate
Total Daily DE = ]
non-protein energy + energy from 1. Dextrose (50%) and amino acids (8.5%) only:
protein DE = 11,615 kcal + 2,400 kcal = 14,015 kcal

Maximum infusion rate =
total volume/24h

Initial infusion rate =

60% of maximum infusion rate 2.

a. 50% dextrose supplies 1.7 kcal/ml
b. 20% lipid supplies 2.0 kcal/ml

Total volume = 6,832 ml dextrose + 7,059 ml AA = 13,891 ml
kcal/ml = 14,015 kcal/13,891 ml = 1.0 kcal/ml
Maximum infusion rate = 13,891 ml/24 h = 579 ml/h
Initial infusion rate = 0.6 x 579 ml/h = 347 mi/h

Dextrose (50%), amino acid (8.5%), and lipid (20%) infusion:
DE = 11,615 + 2,400 kcal = 14,015 kcal
Total volume = 3,416 ml dextrose + 7,059 ml AA + 2,904 ml lipid
=13,379 ml
kcal/ml = 14,014 kcal/13,379 ml = 1.05 kcal/ml
Maximum infusion rate = 13,379 ml/24 h = 557 ml/h
Initial infusion rate = 0.6 x 557 ml/h = 334 ml/h

Figure 3.1 Algorithm for calculation of parenteral nutrition in a horse weighing 500kg.
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Table 3.8 Commercially available dextrose solutions for partial parenteral nutrition.

Solution Concentration Osmolarity kcal/L Maximum rate for
dextrose (mg/ml) (mOsm/L) 500-kg horse (ml/h)

2.5% dextrose 25 126 85 non-physiologic

in water

5% dextrose 50 253 170 non-physiologic

in water

10% dextrose 100 505 340 non-physiologic

in water

2.5% dextrose 25 236 85 2,040

in Plasmalyte® 56

2.5% dextrose 25 420 105 2,040

in Plasmalyte® 148

2.5% dextrose 25 420 100 2,040

in Normosol® R

2.5% dextrose 25 398 95 2,040

in lactated Ringers

5% dextrose 50 363 170 1,020

in Plasmalyte® 56

5% dextrose 50 547 190 1,020

in Plasmalyte® 148

5% dextrose 50 547 185 1,020

in Normosol® R

5% dextrose 50 525 180 1,020

in lactated Ringers

2 Baxter Healthcare Corp, Deerfield, IL
b Abbott Animal Health, Abbott Park, IL

dilutional affect. Dextrose solutions should be used to
provide only short term parenteral nutrition, for less
than 3 days total.

Amino Acid and Dextrose Solutions

A combination of protein and carbohydrate solutions is
a more physiologic solution for parenteral nutrition in
the horse. This method combines provision of the daily
RER using 50% dextrose with an amino acid solution
that reduces the catabolism of lean muscle. Amino acid
solutions vary widely in concentration, but the most
common concentrations used in horses are 8.5-10.0%
amino acids. The goal for protein supplementation is
between 0.6-2.0g/kg/day. If liver disease or renal failure
is diagnosed, then protein supplementation should be
lower; conversely, with severe sepsis or burns, higher
levels may be required. After calculating the total protein
required, it is important to ensure adequate calories are
provided to prevent use of the amino acids for energy.
Calculation of the non-protein energy to nitrogen ratio

(see algorithm in Figure 3.1) should ensure a ratio
between 100-150:1 to provide a balanced formula.

To simplify parenteral nutrition, these solutions are
often provided in a dual chamber bag, allowing mixture
of the dextrose and amino acids after breaking an
internal membrane. The most common solution used in
equine medicine is composed of a 1:1 ratio of 50% dex-
trose and 8.5% amino acids. After mixing, the combined
solution provides 11 of a 25% dextrose solution in a
4.25% amino acid mixture, with a total of 1.02kcal/ml.
The non-protein energy to nitrogen ratio is 200:1 and
the osmolality of the solution is 780 mOsm/L. Starting at
60% of the resting energy requirement for a 500-kg
horse, initial target infusion rates are approximately
343ml/h. However, it is recommended to start at
approximately 25% of this rate (85ml/h), increasing as
tolerated over the first 24 h.

Advantages of lipid free formulations include a lower
cost as well as a reduction in infection-related complica-
tions by eliminating immunosuppressive long chain
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fatty acids.'?*13>>* However, the high concentration of
dextrose may increase the risk of hyperglycemia, known
to increase mortality in human and equine patients.!>!"1>2
In addition, the osmolarity of the solution requires that
the formula be diluted before administration, or mixed
concurrently with infusion of a crystalloid solution.

Amino Acid, Dextrose, and Lipid Solutions
The combination of nutrients commonly used for
equine TPN is a mixture of amino acids, carbohydrates,
and lipids. At least 8% of the total energy requirements
should be provided by lipids to ensure adequate fatty
acid supplementation. While more complicated to
calculate, as well as more expensive, it has several
advantages. First is the improved osmolarity of the final
solution. Undiluted 20% lipid solutions are iso-osmotic
with an osmolarity of 260 mOsm/L. This reduces the
osmolarity of the final solution, possibly reducing the
risk of thrombophlebitis. Also, lipid solutions contain
the essential fatty acid linoleic acid, which may become
depleted over time in horses held off feed.
Contraindications include any horse at risk, or with
evidence of, hyperlipemia which would worsen with
administration of additional lipids. The daily dose of
lipid should not exceed 2.5g/kg. It is important to
remember that lipids are destabilized by sunlight, pH,
storage conditions, and some electrolytes (calcium and
magnesium). However, amino acid solutions exert
some protection for the lipids. When mixing TPN, the
amino acid and dextrose solutions must be combined
first, followed by the lipid solution. Any signs of steara-
tion (yellow streaks or droplets) indicate destabilization
of the mixture and it should be discarded.

3.3.3.2 Administration of Parenteral Nutrition

In horses, parenteral nutrition can be supplied through
a peripheral vein, including the jugular and lateral
thoracic. A dedicated silicone or polypropylene multilu-
men catheter with separate injection ports for medica-
tions and fluids is preferred. However, delivery through
a single lumen catheter, while not ideal, has been suc-
cessful, provided a Y port is used to supply medications
and fluids separately. It is important to maintain ste-
rility of the lines at all times: gloves should be worn
when handling all connections, all ports should be
cleaned before use, and triple antibiotic ointment can
be applied over all connections to reduce the risk of
infection. In addition, all lines should be changed every

24-48h to reduce the risk of bacterial colonization,
especially when using lipids.

Solutions should always be mixed under sterile
conditions in a laminar flow hood, however, newer
products provide both amino acids and glucose in sepa-
rate chambers contained inside one bag, which allows
for mixing without contamination after breaking the
internal seal. Lipids, if needed, will still need to be added
under sterile conditions. Additional additives, including
vitamins and minerals, must be ensured by the manu-
facturer to be compatible with the solution, since lipids
are destabilized by pH and a number of electrolytes.
Lipids, amino acids, and some vitamins are light
sensitive; therefore, it is important to protect the
solution from direct sunlight before and during
administration. Oxidation of fatty acids can result in
formation of large droplets that cannot be cleared by the
endothelium and could result in lipid embolization.'*
Once mixed, the solution can be stored in the refriger-
ator at 2-8°C for up to 24 h prior to use, but should be
used within 24 h after removal from refrigeration.

An infusion pump is ideal for administration of
parenteral nutrition to ensure accurate and continuous
infusions. Parenteral nutrition is typically administered
as 60-85% of the calculated total daily resting energy
requirements for the horse, due to cost and to avoid
complications of overalimentation. In general, paren-
teral nutrition should be initiated at 25% of this reduced
rate, increasing by 25% every 3—-6h if the patient is
handling the solution well. Once the patient is at the full
infusion rate, serum chemistries, body weight, and
changes in disease status will indicate if further increases
are needed. Parenteral nutrition should be discontinued
in a similar stepwise manner once enteral feeding has
started.

Intensive monitoring is required, both during intro-
duction and after the full rate is reached to ensure
acceptable serum glucose, triglycerides, electrolytes, and
organ function. Blood glucose concentration should be
measured at least every 4h initially, then every 4-6h
once at the full rate of parenteral nutrition. While strict
glycemic control has been advocated, it is reasonable to
expect to maintain blood glucose between 110-150g/dl
while on parenteral infusions.®>!'?® Urine glucose is also
effective in determining the horse’s glucose tolerance. If
the renal threshold is exceeded (serum glucose of 200-
220mg/dl), glucose may be noted in the urine. If hyper-
glycemia occurs, then the infusion rate should be
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reduced and rate increases performed more slowly.
If hyperglycemia persists, an insulin infusion may be
started or the concentration of dextrose in the solution
can be reduced.

Serum triglycerides should also be monitored at least
once a day, since hyperlipemia is known to occur
without gross changes in serum clarity."*® Blood urea
nitrogen (BUN) and serum creatinine should be
checked daily to ensure adequate hydration and renal
function in the face of protein supplementation. Serum
creatinine and BUN concentrations may also be helpful
in determining if amino acid supplementation is
sufficient. If protein is inadequate, BUN may decrease;
conversely, it may increase if supplementation is exces-
sive.'** Increased BUN with normal creatinine concen-
tration can indicate muscle catabolism and deamination
of protein for energy. Finally, liver function should be
assessed daily.

3.3.3.3 Complications
The most common complication of parenteral nutrition
in the horse is hyperglycemia,¥**!>> which may be
exacerbated by catecholamines, cortisol, endotoxin, and
the concentration of the glucose solution itself.!>*>7
While high rates of glucose administration (1.91-
7.41mg/kg/min) require gradual introduction and
withdrawal due to glucose intolerance and rebound
hypoglycemia, slower rates (1.39mg/kg/min) can be
administered and discontinued more abruptly.?7¢®
If needed, a continuous rate infusion of regular insulin
at 0.04-0.11U/kg/h can be added to maintain normogly-
cemia. Sepsis and severe disease can exacerbate glucose
intolerance, requiring frequent monitoring of serum
glucose.®®!>>15> nability to maintain normal serum
glucose levels may be the first sign of deterioration in
the patient’s condition. 118158

Hyperglycemia may also cause hyperinsulinemia.¢®
While parentally administered glucose is known to
increase insulin levels, it causes less of an effect than
enteral glucose.””1® While glucose intolerance may
result,’*® hyperinsulinemia may provide some benefit
the horse through anabolic effects on skeletal muscle
and improvement in glucose and triglyceride uptake.!!'

Intravenous catheter related complications are
common in humans, but this seems to be a relatively
uncommon occurrence in veterinary patients, 7118125139161
Catheters should still be monitored closely for signs of
infection or thrombosis, including heat, swelling, and

lack of patency. While catheters are traditionally left
exposed in adult horses, a bandage should be considered
due to the increased risk of catheter-related sepsis with
parenteral nutrition.

Hyperlipidemia and hypertriglyceridemia are also
potential complications of TPN. Ponies, donkeys, and
miniature horses are at the highest risk and should be
closely monitored with serum biochemistries and
triglyceride concentrations.!** In addition, horses with
sepsis or endotoxemia are at an increased risk for
hyperlipidemia, due to suppression of lipoprotein lipase
activity by inflammatory mediators, enhanced adipose
tissue catabolism by catacholamines, and inhibition of
hepatic metabolism of chylomicrons.'¢

Hypermagnesemia resulting in seizures has been
reported in one horse receiving parenteral nutrition.*
However, other studies have not noted any significant
changes in electrolytes.®®!?* Hypermagnesemia has also
been reported in humans with symptoms including loss
of muscle tone, apnea, hypotension, and bradycardia.'**
Electrolytes should be closely monitored in horses
receiving parenteral nutrition as well as supplemental
electrolyte solutions.

While dextrose and amino acids solutions may cause
phlebitis, acidosis, and osmotic diuresis, amino acids
solutions can result in uremia and hyperammonemia.!!®
In addition, high concentrations of amino acids may
reduce duodenal motility, migrating motor complexes,
and small intestinal transit time.!¢ Five percent dextrose
solutions were noted to increase gastric reflux fre-
quency and volume in horses treated with parenteral
nutrition.'*

3.4 Diets for Specific Diseases

3.4.1 Uncomplicated Colic
In the majority of cases of colic, a specific diagnosis is
not determined. Vagotonia (gas colic) or mild impac-
tions are the top suspects. Physical examination in these
cases is typically unremarkable and advanced diagnos-
tics are often unnecessary. Treatment, including oral
fluids, mineral oil, and non-steroidal anti-inflammatory
medications, is usually successful, with a full recovery in
most cases in 12-24 h.

In cases of simple colic, feeding should be resumed as
soon as normal borborygmi and fecal production are
noted. Good quality forages should be provided for the
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first 12-24h of refeeding in small amounts (0.5kg or
1.1lb) every 4-6h. If there are no further signs of
discomfort, feedings can gradually increase over 24-48h
to normal rations. Forages are the preferred diet in any
horse, but alternatives to hay include complete pellets,
alfalfa pellets, hay cubes, or hand grazing starting at a
15-20-minute duration. Mashes are often acceptable
ways to increase water intake and palatability of feeds.
Grains should be avoided for 10-14 days to avoid addi-
tional microbial disruption. The clinician should make
an effort to reintroduce the type of feed that the horse
will be fed after it recovers. If the feed that the horse is
reintroduced to is different than their regular diet,
changes should be made gradually over 7-10 days if the
owner wishes to return to the original diet.

Most cases of uncomplicated colic do not recur.
However, the diet, environment, and feeding schedule
should be closely scrutinized to identify any predispos-
ing factor that may have led to the colic. If a problem is
identified, such as a change in feed supplier or recent
travel, preventive measures can be recommended.

3.4.2 Equine Gastric Ulcer Syndrome

Equine gastric ulcer syndrome (EGUS) is a term that is
used to encompass a variety of disease processes that
result in ulceration of either or both the glandular and
squamous portions of the stomach and signs of colic.
Gastric ulceration results from an imbalance between
ulcer promoting factors (hydrochloric acid, bile acids,
pepsin) and protective factors (mucus, bicarbonate,
mucosal blood flow, prostaglandin E2, epidermal growth
factor, gastroduodenal motility).!*® Dietary factors that
may contribute to EGUS include high concentrate diets,
low roughage or poor quality fiber diets, meal feeding,
and fasting.'®! Dietary recommendations for prevention
of EGUS are centered on increasing the frequency of
feedings, reducing the quantities of starches fed, and
increasing the quality of forages provided.

Saliva and ingested feeds are the primary buffers for
the acid produced in the stomach of the horse. Because
of this, pasture turnout is often recommended as the
best method to prevent and control gastric ulcers.!'”2-174
However, this may not eliminate ulcers, since horses
naturally tend to eat less at certain times of the day.
These foraging patterns have been suggested to be the
cause of a circadian pattern to the pH of the proximal
stomach in horses regardless of their housing.!”” This
may be the reason that horses have been diagnosed

with gastric ulcers even when kept solely at pasture.'’
While the horse’s voluntary intake is not under our
control, free choice forages should still be provided,
since intermittent feeding or feed withholding is an
experimental model used to consistently produce gastric
ulcers.!'77178

Stall confinement and meal feeding are separate
factors that have been associated with altered feed
intake and gastric ulceration.!”” In one study, feeding
meals greater than 6h apart increased the likelihood of
non-glandular ulceration, suggesting that continuous
access to forages may be critical to reducing this risk.!’
This was supported by the results of a second study that
found ulcers in 75% of horses fed twice daily and in
57.9% of horses fed three times daily.'®! Based on these
findings, continuous feeding of alfalfa or good quality
grass hay has been recommended for horses not on
pasture to protect the non-glandular mucosa. The high
protein and calcium content of alfalfa may provide
better protection than grass hays alone. It is speculated
that alfalfa has a direct buffering effect because of its
high protein content or through a reduction in gastrin
secretion.'®! This effect on pH was consistent, even
when alfalfa was fed with concentrates such as oats,
barley, or pelleted rations.’*!72 Based on these findings,
alfalta may be the forage of choice for horses at risk for,
or diagnosed with, gastric ulcers.!”*

Grains should be kept at a minimum in horses with
EGUS, due to their known association with the
formation of gastric ulcers.!”* Soluble carbohydrates
present in most cereals fed to horses are fermented in
the stomach to volatile fatty acids. These fatty acids are
able to penetrate the cells of the mucosa at a low pH,
resulting in cell swelling and disruption.!8-18¢

Concentrate diets are also known to increase the
release of gastrin, the hormone responsible for acid
secretion.'®> While gastric acid can be disruptive alone,
the effects of volatile fatty acids are exacerbated by a pH
less than 4.!82-184 In addition, grains have been shown to
delay the secretion of gastrin, increasing the likelihood
of inappropriate acid secretion after ingesta has passed.
As an empty stomach is more likely to expose the non-
glandular mucosa to acid and ulceration may be more
likely when feeding grains.!%¢

Grains should only be fed in amounts less than
0.5kg/100kg body weight and no less than every 6h to
reduce volatile fatty acids below the threshold for
mucosal damage.!'®? The grains selected should be low in
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starch, since a starch intake between 1-2 g/kg/meal was
associated with a 2.6 times increase in the likelihood of
ulcers (95% CI 1.3-5.2; P=0.006) and an intake greater
than 2g/kg bodyweight per meal increased the
likelihood by 3.2 times (95% CI 1.3-7.7; P=0.009).1®
Hay, preferably alfalfa, should be available at all times.
Fat supplements such as vegetable oils may be used as a
substitute for concentrates to provide energy. While
lipids were unable to prevent non-glandular ulceration,
they may be useful in the therapy and prevention of
glandular ulceration by reducing gastric acid and
increasing prostaglandin production.>>1#”

Horses with colic are at no higher risk for gastric
ulcers than the general population, but the likelihood
that they will be withheld from feed due to their disease
process may increase the chance of ulcer formation.!'#®
Horses with diseases that may require long periods
without oral feeding (i.e., duodenitis/proximal jejunitis)
are particularly at risk.'® This strengthens the argument
that horses with colic should be fed as soon as their
medical conditions allow to reduce the risk of iatrogenic
complications of feed withholding.

3.4.3 Duodenitis/Proximal Jejunitis
Duodenitis/proximal jejunitis (DPJ), also known as
anterior enteritis, is an inflammatory disease resulting
in hypersecretion in the proximal small intestine,
gastrointestinal ileus, and copious nasogastric reflux.
A full description of this disease process, diagnosis, and
therapy can be found elsewhere.'” While infectious
organisms including Salmonella spp, Clostridium perfrin-
gens, and Clostridium difficile have been implicated, the
exact cause is still unknown.!*!-1* A suspected link with
aflatoxicosis or fusariotoxicosis has also been made,
based on necropsy findings of lesions consistent with DPJ.
Therefore, it is important to be highly vigilant for mold in
concentrates and other feeds containing corn.!*>1%

High concentrate diets were previously thought to
increase the risk of DPJ, due to high concentrations of
hydrolysable carbohydrates that fermented in the
stomach and possibly the small intestine.!®” This link
between grains and DPJ and has been statistically sup-
ported by a modest odds ratio of 1.3-1.62 (P<0.001) in
a case control study performed in Texas.!?® In this study,
horses with DPJ were fed a median of 4.1 kg concentrate
daily versus 2.7 kg in the control group.

Horses with DPJ were significantly more likely to
have had access to pasture grazing in this same study,

with an odds ratio of 3.5-4.0 (P<0.0005).!”® This con-
nection to pasture grazing has caused comparisons to be
made between DPJ and equine dysautonomia (Equine
Grass Sickness), another cause of ileus in the horse
associated with grazing pastures. Speculated causes of
dysautomonia are similar to DPJ, including mycotoxins
and Clostridium spp., supporting an infectious cause for
both syndromes.!?-292

Medical therapy for DPJ involves maintaining
hydration with IV fluids, supporting oncotic pressure
with plasma or colloids, providing anti-inflammatory
medications, and prokinetics. Surgery should be consid-
ered if obstructive diseases of the small intestine cannot
be ruled out or if medical management is unsuc-
cessful.202% If surgery is elected, decompression of the
small intestine into the cecum or an incomplete bypass
may be performed.!?>!9729>2% Both medical and surgical
treatments have a good chance for full recovery if
aggressive treatment is pursued, and the disease is
allowed to run its course.!'?2%7

Horses with DPJ are usually unable to take in enteral
feed due to the severity of ileus resulting in significant
volumes of gastric reflux. In addition, protein loss is
often severe due to loss of the intestinal mucosal barrier
and protein catabolism from prolonged cachexia. Based
on the BCS at the time of diagnosis, parenteral nutrition
should be considered for any horse identified as mal-
nourished (low BCS), horses with increased demands
(pregnancy, lactation) and any horse with DPJ that con-
tinues to reflux for more than 48 h (see Section 3.3.3 on
should
continue until the horse is voluntarily eating at least

parenteral nutrition). Parenteral nutrition
60% of its resting energy requirements.
Enteral feeding can begin once progressive motility is
confirmed by a lack of net gastric reflux and ultrasono-
graphic confirmation of small intestinal contractions.
Water is initially provided in small amounts (1-21 every
2-4h) to confirm progressive motility. If water is
accepted without complication, then hay, softened
complete feeds, or alfalfa pellets can be introduced
slowly, starting at 25% of the daily ration divided into
meals every 2—4 h. The horse should be reintroduced to
full feed within 2-3 days. Vital parameters, appetite,
attitude, and repeated ultrasonographic examination
will assess the progression of feedings during reintro-
duction. Concentrates or fresh grasses with a high
concentration of fermentable carbohydrates should be
avoided. After recovery, grains should be avoided for
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the first two weeks and should be limited to meals less
than 0.5kg/100kg body weight and in more than four
feedings per day. Protein-rich forages, including alfalfa
or vegetable oils, may be required to regain weight lost
during the disease.

3.4.4 Small Intestinal Strangulation

Small intestinal strangulations result in obstruction of
the blood supply as well as the intestinal lumen.
Strangulating lesions can be caused by a number of con-
ditions, including mesenteric lipomas, mesenteric rents,
intussusceptions, and epiploic foramen entrapment, but
all are directly unrelated to dietary factors. Clinical signs
of strangulation include severe pain unresponsive to
analgesics, small intestinal distention on rectal and
ultrasound examination, peritoneal fluid changes, and
variable amounts of nasogastric reflux depending on the
duration and location of the obstruction. Definitive
diagnosis of the strangulating lesion is confirmed during
exploratory laparotomy and resection and anastomosis
may be performed if the bowel is deemed non-viable.

The small intestine is extremely sensitive to the
manipulation required in surgery as well as distention
caused by obstruction and these factors may result in
post-operative ileus. If ileus occurs after surgery, then
enteral feeding is not possible. Therefore, parenteral
feeding is often required to maintain body condition
and provide supportive nutrition for recovery (see
Section 3.3.3 on parenteral nutrition). The timing for
initiating early parenteral nutrition is case dependent,
due to preexisting conditions, concurrent diseases, BCS
on presentation, and the financial considerations of the
owner. Despite evidence of improved nutritional status
of horses post-surgery that are provided parenteral
nutrition, including lower total bilirubin and serum tri-
glycerides, it is still unclear as to any benetfits of providing
parenteral nutrition to surgical colic cases, with the
downside of increased cost to the client.*”*s Based on
the lack of clear evidence, most adult horses are simply
held off feed until ileus subsides.

In an effort to prevent post-operative ileus, horses
with small intestinal resections or enterotomies should
be provided oral feed as soon as possible after surgery.
Common practice has been to begin oral supplementa-
tion only when borborygmi are present and defecation
has occurred, but human medicine is now recommending
providing enteral feed even earlier.®> Veterinary medicine
is changing as well in that regard.

Freeman et al.?*2% advocate reintroducing feed for
any horse without signs of colic or nasogastric reflux on
a set schedule post-surgery, rather than relying on defe-
cation or intestinal sounds (see Table 3.9). On this plan,
horses are first offered water in small amounts at
12-18h after surgery, followed by alfalfa hay in hand-
fuls, which slowly increases every 2—4h over the next
24 h. The goal is to reintroduce the horse to at least 75%
of full feed over 1-2 days. Softened complete feed,
alfalfa pellets, or grass offered as small meals are viable
alternatives to hay for horses when anastomosis
function is questionable or severe mucosal edema is
suspected. Vital signs, attitude, packed cell volume, and
serum total solid concentration, as well as progressive
gastrointestinal motility with a lack of nasogastric reflux
are used to determine if feeding is progressing satisfacto-
rily. Small feedings in a controlled manner increase gas-
trointestinal motility and reduce cost and complications
including gastric ulceration.

Short bowel syndrome is defined as a malabsorptive
disorder caused by strangulations with resections that
result in a loss of >60% of the small intestine.?”
However, the length of small intestine that is necessary
for adequate digestion and absorption may be variable,
based on reports of individual cases where horses have
survived with less (12.3-15.0 feet).?*2! The small
intestine is the primary site for absorption of carbohy-
drates, protein, and minerals, and the ileum is the
specific site for fat-soluble vitamin absorption. However,
the large intestine appears able to compensate post-
operatively for the lack of absorption of proteins, carbo-
hydrates, and B vitamins. In addition, the small intestine
is capable of a compensatory adaptive hyperplasia that
increases the efficiency of digestion by increasing the
length, diameter, and surface area of the remaining
intestine.?!!-213

Clinical findings of short bowel syndrome include
weight loss, hepatic damage, capricious appetite, and
diarrhea.?%2% If recognized after surgery, the goal is to
optimize large bowel fermentation with a highly digest-
ible fiber source, such as alfalfa, beet pulp, or soybean
hulls to support volatile fatty acid production.?'* If the
ileum or greater than 75% of the small intestine has
been resected, fat-soluble vitamins may need to be sup-
plemented to the diet.?®® Supplementation with rice
bran or corn oil may be required to provide additional
energy to maintain body weight, but should be avoided
in cases with ileal resection.?®?** Complete pelleted feeds
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Table 3.9 Refeeding schedule for post-operative small intestinal resections. The diet can be adjusted based on each individual
horse’s response to feedings, in that the interval between meals can be increased, the weight of feed decreased, or both for slower
reintroductions. Any horse with positive net nasogastric reflux should be held off enteral feed and water until ileus resolves.

Amount to feed based on dietary needs of a 500-kg horse with a goal of achieving at least 75% of daily energy
requirements (DER; 75% of DER= 12,300 kcal/day) 3-4 days post-celiotomy

Day Hours post-surgery
post-surgery

Amount of feed required

Selected diets

Alfalfa hay
(DE=2,430kcal/kg)

Complete pelleted feed*
(DE=2,695 kcal/kg)

Weight of feed Frequency DE (kcal) fed during specified time period
Day 1 0-12 none per os 0 0
12-24 0.1kg q2-4h 729-1,458 809-1,617
(0.2 Ibs)
Day 2 24-36 0.25kg q2-4h 1,823-3,645 2,021-4,043
(0.55 Ibs)
36-48 0.5kg q3-4h 3,645-4,860 4,043-5,390
(1.1 lbs)
Day 3 48-60 0.75kg q3-4h 5,468-7,290 6,064-8,085
(1.65 Ibs)
60-72 1.0kg q3-4h 7,290-9,720 8,085-10,780
(2.2 Ibs)
Day 4 72-96 1.25kg q4-6h 12,150-18,225 13,475-20,212
(2.75 Ibs)

Day 5 onward

Continue to modify diet so that the total ration meets DER for the specific patient. Feedings can be adjusted by

changing the number of feedings and the amount of feed offered to obtain the total daily rations desired. All
changes in type of diet, including the addition of supplements, should occur slowly over 1 week.

* Purina Equine Senior®, Purina Mills, St. Louis, MO

provided in small frequent meals have also been
successful in supporting horses with resections of up
to 70% of the distal small intestine.?'> However, grains
should be avoided if an extensive resection has been
performed, due to the inability to adequately process
starches.?®

3.4.5 lleal Impaction (Nonstrangulating
Small Intestinal Obstruction)

Ileal impactions are most commonly observed in mature
horses in the southeastern United States. This obstruc-
tion is linked to excessive non-fermentable fiber and
fine stem character of poor quality coastal Bermudagrass
hay, which may be related to factors such as maturity at

harvesting, soil composition, curing, and storage.!>?!®
Another risk factor commonly cited for ileal impactions
is infection with Anoplocephala perfoliata tapeworms,
which localize at the ileocecal junction and may
result in obstruction of the ileocecal valve due to
inflammation.'>?"”

Clinical signs of ileal impaction include moderate to
severe signs of colic, depending on the duration and
severity of the obstruction.!>!2® Early in the course of
the disease, the impaction may be felt on transrectal pal-
pation as a firm tubular structure entering the cecum on
the right side of the abdomen.?’® As the obstruction
progresses and becomes complete, the small intestine
oral to the ileum fills with ingesta and multiple loops
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may be palpable per rectum and noted on ultrasound
examination. Ileus results and gastric reflux may be
obtained.!”2!8

Medical therapy is currently recommended, using
intravenous fluids, gastric decompression, sedation, and
analgesics.?!” Serial abdominocenteses can monitor the
progress of medical therapy and if protein concentration
and white blood cell count increase with no response to
medical therapy, surgery is recommended. At surgery,
the impaction is reduced into the cecum using external
massage, often with direct intraluminal infusion with
balanced electrolyte solutions or carboxymethylcellu-
lose.!*2!8 In some cases, an enterotomy may be useful to
reduce the trauma caused by external manipulation.
Post-operative ileus and adhesions are risks for any
surgical procedure used to relieve an ileal impaction.

In most horses, ileal impactions will resolve with
medical therapy within 12h, therefore supportive care
in the form of parenteral nutrition is rarely required.?*®
In the acute phase of recovery, horses should be fed on
a schedule as recommended for small intestinal stran-
gulation, whether they have been managed medically
or surgically, in that feeding can resume gradually as
soon as the impaction appears to have resolved.
Clinically, resolution would be noted as a lack of
significant nasogastric reflux, good intestinal motility
on ultrasound exam, absence of pain, and no palpable
impaction or small intestinal distention. However, the
ileum can become edematous or spasm due to inflam-
mation from the impaction or surgical manipulation,
making recurrence likely if feeding is too aggressive.
Continued use of non-steroidal anti-inflammatory
drugs during refeeding may reduce this risk and some
clinicians have recommended withholding hay until 48
hours after resolution of clinical signs.?'? Personal obser-
vations have noted that large intestinal impactions may
often be a coexisting problem and should be addressed
prior to refeeding.

Due to the fact that ileal impactions have been defi-
nitely linked to coastal Bermudagrass hay, it is recom-
mended after recovery to avoid feeding this forage.!” If
alternative hay sources are not available, then complete
pelleted diets or pasture are viable alternatives to forage.
If coastal Bermudagrass hay must be fed, it should be
introduced gradually, and not fed as free choice round
bales.??® High quality, first cutting hays are recom-
mended and water intake should be ensured.® In
addition, feeding a pelleted ration or concentrates can

increase gastrointestinal transit time and possibly reduce
the risk of reimpaction.?”

3.4.6 Ascending (Large) Colon Impactions
Ascending colon impactions are the most frequent cause
of colic in the horse and have been proposed to be caused
by a number of external factors, including decreased
water intake, stress, feed quality, or dietary changes that
result in dehydration of the colon ingesta.??> Obstruction
typically occurs at points in the large colon where nar-
rowing occurs, including the pelvic flexure, left ventral
colon, and the sternal and diaphragmatic flexures.!*??*
Clinical signs typically include mild to moderate colic
with a reduction in fecal output. Transrectal palpation
may note firm, mucus covered fecal balls and if an
impaction is palpable in the large colon, then the diag-
nosis is confirmed. Therapy centers on the administration
of fluids, laxatives, and judicious use of analgesics and
antispasmotics.??-2% The horse should be withheld from
feed during treatment. Surgery is indicated if the impac-
tion does not resolve in a timely manner, the abdomen
becomes more distended, or if pain becomes intractable.
At surgery, the impaction is usually relieved by lavage
through a pelvic flexure enterotomy.

For horses treated with medical therapy alone,
feeding should not be delayed once the impaction has
cleared (see Table 3.10). Signs of resolution include
absence of pain, a lack of abnormalities on transrectal
palpation, adequate fecal production, and normal gas-
trointestinal transit time as noted by the passage of min-
eral oil. Good quality forages, ideally alfalfa hay, should
initially be provided in small amounts (0.5kg or 1.11b)
4-6 times daily, with a gradual increase over 24-48h to
normal rations.” Free choice hay may be preferable
after successful reintroduction of feed to reduce the risk
of gastric ulcers. Alternatives to hay during the acute
phase, depending on the patient and clinician
preference, include complete pellets, alfalfa pellets, or
grazing, starting at 15 minute intervals. The goal is to
have the horse back on a full ration within 1-3 days
after reintroduction of feed (1.5-2.5% of body weight in
forages). Grains should be avoided for 10-14 days after
colic has resolved to avoid further disruptions in the
microbial populations by undigested starches. Concen-
trates should be reintroduced slowly, starting with less
than 1kg (2.21b) per 500kg horse twice a day and
increasing gradually if needed by 0.5-0.75 kg increments
per day.*
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Table 3.10 Examples of refeeding schedules for mild ascending colon impactions, when colic resolves in 12-24 hours. The interval
between meals can be increased, the weight of feed decreased, or both for slower reintroductions (over 3—4 days).

Type of Feed

Weight of Frequency of Hay only

Complete pelleted feed Alfalfa pellet

feed feedings
DE (kcal)/day

DE (kcal)/day DE (kcal)/day

Day 1 0.5kg
(1.11b)

g 4-6h Alfalfa hay:

4,860-7,290

Grass hay:

4,360-6,540

Coastal Bermudagrass hay:

3,740-5,610

Day2 1kg
(2.21b)

q4-6h Alfalfa hay:

9,720-14,580

Grass hay:

8,720-13,080

Coastal Bermudagrass hay:

7,480-11,220
Day 3 Fullraton qg6-12h

Introduce additional feeds or

supplements slowly over 1 week.

No grain for 10-14 days.

Full hay ration at normal intervals.

5,390-8,085 4,760-7,140

10,780-16,170 9,520-14,280

Full pelleted ration at normal Introduce hay, complete
intervals, or introduce hay, pellets, supplements, or
supplements or grazing slowly over grazing slowly over 1 week.
1 week. No grain for 10-14 days. ~ No grain for 10-14 days.

If the horse has undergone a celiotomy to relieve
impaction, then the feeding schedule should be iden-
tical for a resolved medically treated impaction. Most
horses can return to feed as soon as complete recovery
from anesthesia, usually 3-6h after returning to the
stall. Some clinicians prefer to withhold feed for 12-24h
after performing an enterotomy. However, a secure clo-
sure and good surgical technique will not delay reintro-
duction of feed and the colon lumen is large enough at
the pelvic flexure so that any distention by feed should
not stress the suture line. In addition, enterotomy and
lavage has a disruptive effect on the large colon flora,
which should be supported as soon as possible with a
healthy substrate for fermentation.??® Grass hay has
been associated with a reduced risk of post-operative
diarrhea in horses after enterotomy, therefore, grazing
or grass hay are both recommended in the early post-
operative period.?* It is important to remember hospital
biosecurity when grazing horses after colic, due to the
unavoidable alterations in gastrointestinal flora and the
risk of salmonellosis. This is especially important post-
operatively for large intestinal problems, which doubles

the risk of diarrhea over other types of intestinal lesions
(P<0.006)*” Enterotomy was also found to increase the
risk an additional 1.5 times (P=0.042).

For horses that are prone to impactions, prevention is
centered on providing good quality forage and encour-
aging adequate water intake. Late season cuttings of hay
that are high in fiber should be avoided, as well as for-
ages known to be of poorer quality, including coastal
Bermudagrass and straw. Green grass or alfalfa based
diets may provide a laxative effect. Complete pelleted
feeds will improve overall digestibility of the diet for
horses with dental disease. Alfalfa pellets, alfalfa or hay
cubes, or beet pulp may provide a highly digestible fiber
source with shorter fiber length to improve digestibility.
While the value of regular dental prophylaxis is still not
completely known, proper occlusion will aid in reducing
fiber length and possibly reduce the risk of impactions.
Salt (NaCl or KCl) may be added to the feed to encourage
water intake, up to 8 tablespoons a day. Alternatively,
electrolyte water, molasses flavored water, or other fla-
vorings may be added to provide interesting alternatives,
alongside a plain water bucket.
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3.4.7 Sand Impactions

Sand impactions are a specific type of intestinal obstruc-
tion resulting from the ingestion of sand, typically
obtained from the environment. Feeding on the ground
or in sandy arenas has been specifically implicated as risk
factors. However, some horses with pica, especially foals,
may intentionally ingest sand. In addition, naturally sandy
soils in some regions (i.e., Florida, Georgia, and Arizona)
provide ample opportunity during grazing for accidental
ingestion, especially on short-cropped pastures.?*®

Clinical signs are often similar to feed impactions of the
ascending colon,*** but the irritating nature of sand may
result in debridement of the mucosal lining, diarrhea, and
signs of endotoxemia due to bacterial translocation.?%2*!
Sand impactions can occur at multiple points throughout
the digestive tract, including the stomach, cecum, small
intestine, and ascending and small colon. However, sand
impactions of the dorsal ascending colon are most often
identified in horses at surgery.??*-**! Peritonitis or rupture
of the large intestine or stomach may occur due to large
volumes of sand or long standing impactions that damage
the integrity of the intestinal wall.

Diagnosis of sand is often made based on a history of
exposure and identification of sand in the ingesta. Sand
may be palpated per rectum as a “gritty” feeling in the
manure or as a palpable impaction. Fecal sedimentation
may help to determine exposure to sand. It is performed
by dissolving 3-4 fecal balls in water in a palpation
sleeve and identifying sand sediment in the fingers of
the glove. However, fecal floatation poorly correlates to
the presence of sand in the intestines, due to a high
proportion of false negatives, and does not allow for
the determination of the amount of sand present in
the colon.?*? In areas with sandy soil, it is common to
see a small amount of sand when performing a fecal
sedimentation test.

The volume of sand present is better demonstrated by
abdominal radiographs as a mineralized opacity, but its
sensitivity is low in larger horses, especially for sand
impactions that are not in the ascending colon. The
accumulation of sand can be graded 0-4 and a significant
amount of sand is greater than 5 by 15 cm in length and
pulls the large colon against the ventral body wall.?**
Ultrasound may be helpful in identifying the presence
of sand, but it cannot replace radiography for assess-
ment of volume.?** While auscultation may identify
characteristic “waves on a beach” sounds caudal to the
xyphoid process in some horses, it is not sensitive for

sand obstructions, especially if colic is reducing large
intestinal motility.>**

Treatment of colic due to sand impaction has centered
on the use of fluid therapy, osmotic laxatives, and psyl-
lium fiber (0.5-1.0g/kg).?** Psyllium husks contain
mucilage, which absorbs water and is believed to act as
a laxative. Psyllium gels when mixed with water, so it
must be administered quickly through a nasogastric
tube. Alternatively, psyllium can be mixed with 21 of
mineral oil, which suspends the psyllium and allows for
easier administration by nasogastric tube. Between 2
and 41 of water can be administered immediately after
dosing with the psyllium-oil mixture.?”

Treatment with psyllium has a variable response in
the literature, even when combined with additional lax-
atives or mineral 0il.**® One study noted no difference
between treatment with psyllium (0.5 g/kg), wheat bran
(1g/kg), or an 1:1 mineral oil/water mixture (8g/kg)
compared with no treatment at all when sand was
administered via nasogastric tube at a dose of 0.5g/
horse.?** Doses of psyllium up to 1.0 g/kg were also inef-
fective in horses with 10g/kg of sand surgically placed
into the cecum.?® Another study noted a significant
improvement, with twice the amount of sand cleared
using 0.5 kg psyllium with 21 of mineral oil, versus min-
eral oil alone.?*! However, the total amount of sand
cleared after 5 days of treatment was only 51%. In horses
unresponsive to psyllium, additional treatment with
magnesium sulfate (1g/kg for 3 days) was effective in
resolving radiographic signs of impaction.?*®

Horses that do not respond to medical therapy and
analgesia are surgical candidates and concurrent large
colon displacements or volvulus are not uncommon
findings at surgery.?* Through a ventral midline celiot-
omy, the colon is carefully exteriorized, a pelvic flexure
enterotomy is performed, and the sand siphoned from
the site of impaction, commonly the right dorsal
colon.??*#! The gastrointestinal tract must be carefully
examined for pressure necrosis, vascular compromise,
and transmural damage. Short term survival is good for
both medical and surgical treatment of sand impactions
and long term survival is excellent.?*°

If the horse is treated for sand impaction with surgery
and an enterotomy, the feeding schedule should be sim-
ilar to that provided for surgical resolution of feed
impactions. However, it is important to recognize that
horses with conditions of the ascending colon treated
by enterotomy and lavage are at a higher risk for
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developing diarrhea. Horses with sand colic are espe-
cially predisposed due to the mucosal irritating nature of
the condition.??” Based on positive results in clinical
cases, administration of di-tri-octahedral smectite
(0.5kg/500kg in 41 water, q24h) for 3 days post-opera-
tively may reduce diarrhea.??* Di-tri-octahedral smectite
may lessen damage to the colonic mucosa by neutral-
izing clostridial and Bacteroides spp. toxins.?**-2* It may
also have a prolonged protective effect through regula-
tion of gastrointestinal flora and intestinal secre-
tions.?*>2% This is an important benefit for horses
recovering from surgery, due to the disruption of
intestinal flora and the mucus layer by an enterotomy.

It is unknown what volume of sand is significant in
terms of causing clinical disease and the specific volume
may be different for each individual horse. It is reason-
able to assume that any volume of sand may alter the
integrity and function of the gastrointestinal tract due to
its abrasive nature and long term exposure may be even
more damaging.¥’

While sand impactions can be treated, prevention of
further ingestion of sand is a better option. Often,
removing the horse from its environment is not possible,
but reducing the exposure to sand can be attempted.
Horses should not be fed on the ground and large tubs
or rubber mats should be used to prevent feed from
spilling onto sandy soils. Pastures should not be over-
grazed and rested and reseeded to encourage better
growth. Pastures should be reseeded with forage
varieties that have a more extensive root system and
are less likely to be pulled from the ground while the
horse grazes. Psyllium, either as a generic powder or
commercial pellets, may be used as a preventive (0.25 kg
once daily for 1 week every month). Horses with con-
tinuous exposure could be treated daily with psyllium,
but there is some concern that gastrointestinal flora may
acclimate to this new fiber source and ferment the psyl-
lium, reducing the effectiveness.?*® The most effective
method of clearing sand from the gastrointestinal system
is to provide up to 2.5% of body weight per day of hay.
The bulk alone is capable of removing almost 95% of
ingested sand and was more efficacious in a controlled
trial than psyllium, mineral oil, or wheat bran.?’

3.4.8 Enteroliths and Fecaliths

Enteroliths are intestinal concretions formed by the
deposition of minerals, primarily magnesium, nitrogen,
and ammonium phosphate salts, around a nidus of

foreign material.?* 2424 Concretions may also form
around fibrous undigested feed material, which are
classified as fecaliths. These mineralized masses are
believed to develop in the ampulla of the right dorsal
colon and may cause partial or complete obstruction as
they are propelled aboral into the narrow transverse or
descending colon. Signs of abdominal discomfort may
abate if the enterolith is able to dislodge orally back into
the right dorsal colon and these horses often have a
history of recurrent and intermittent colic.

Any foreign material can serve as the center for
calculus formation, including sand, pebbles, rope, cloth,
hair, or other foreign material. Current research into
enterolithiasis points to a multifactorial cause. However,
the end result of all factors investigated is an intestinal
environment that promotes the deposition of mineral
due to a basic pH and the presence of minerals including
magnesium, nitrogen, phosphorus, calcium, sulfur,
sodium, and potassium.2!-2>2>0

Genetics have been identified as a cause of entero-
liths, in that certain breeds are predisposed, including
Arabians, Morgans, American Saddlebreds, American
Miniature Horses, and donkeys.!#?22°1:252 There is also an
increased predilection among siblings.?*! This may be
due to a genetic predisposition for a more alkaline large
intestinal ingesta, which has been found in horses with
enterolithiasis versus horses without enteroliths.?**

Diet also plays a role, in that specific feeds have been
found to produce an intestinal environment that favors
enterolith formation. Alfalfa is rich in minerals, as well
as protein, which can provide a source of ammonium
nitrates.””> Feeding greater than 50% alfalfa hay has
been statistically linked to enterolith formation
(OR=4.74; 95% CI 1.44-15.63)"! and results in higher
colonic calcium, magnesium, phosphorus, and sulfur
concentrations, and a more alkaline pH.?> While it has
never been definitively linked to enterolithiasis, wheat
bran is also higher in protein, magnesium, and phos-
phate than most grains and is suspected to contribute to
the problem.!"!222 Both soil and water are also a source
of minerals. It is clear that horses in California are
predisposed; however, enteroliths have been diagnosed
in a number of other states and countries.?*!

Stall confinement for more than 50% of the day, low
fiber diets, and feeding intermittent meals has been
linked to enterolith formation.!*!222 It has been postu-
lated that inactivity may affect the motility of the
ampulla of the right dorsal colon, encouraging mineral
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deposition in horses that are stalled.?*?*? Grazing may
provide both exercise and some dilution of the minerals
ingested, along with production of short chain fatty
acids for fiber fermentation, potentially reducing colon
pH and the chance of crystallization.?22>*

Diagnosis of enteroliths can be made at surgery, nec-
ropsy, or by abdominal radiography. Palpation may
identify an enterolith in the small colon, but often it is
too far cranial to allow detection per rectum. In some
cases, the owners may report seeing small enteroliths
passed in the feces, confirming the diagnosis. Horses
typically present with a history of mild, recurrent colic
with partial obstruction, but if complete, clinical signs
will be similar to other forms of large intestinal obstruc-
tion. Advanced imaging may allow for diagnosis and
early detection before complete obstruction occurs, but
radiographs are less sensitive to identify enteroliths in
the small colon and in horses with significant gas disten-
tion.?”> Definitive treatment is surgical to allow for
removal through a large colon or descending colon
enterotomy. However, prognosis may be improved if the
surgery is elective, before obstruction and pressure
necrosis occurs.

Since genetics cannot be controlled, the practitioner
should focus on prevention through dietary changes in
horses at high risk, including those with a previous
history of enteroliths, horses boarding at facilities with a
high incidence of the problem, and those related to
horses diagnosed with enterolithiasis. Horses of specific
breeds, including Arabians, American Miniature Horses,
and ponies, should also be included in the high risk
category if they have additional risk factors that would
predispose them (environment, diet) or they have a
history of chronic or recurrent colic.

Prevention should be centered on avoiding feeds that
increase the risk of enterolith formation, including
those that are high in magnesium and phosphorus.
Alfalfa hay should be limited to less than 50% of the
diet and hay grown in California should be avoided."!
Grass or oat hays appear to be protective, possibly due to
lower protein and magnesium levels and higher fiber
content for the production of short chain fatty acids.!!
High protein diets also should be avoided unless
required, due to the ammonium produced. Minerals
may be removed from the water source using a water
filter, but this is an expensive proposition, and in most
cases the mineral content of the feed far outweighs any
contribution from water sources.?*

Protective treatments include those that acidify the
colon contents. Calculi are formed in basic environ-
ments and if the colon is acidified by starch digesting
bacteria, there is a chance that stone formation could
slow or stop. Along that train of thought, there have
been reports of in vivo dissolution of enteroliths using
vinegar to reduce the colon pH.?"** While unproven as a
preventive or therapy, there are additional reports that
vinegar administration may reduce the risk of recur-
rence.?”! Approximately 1-2 cups (8-160z) per day of
apple cider vinegar is recommended.?°%%¢

Environmental factors are more difficult to control.
While eliminating the source of a nidus for calculi
formation is impossible, reducing the risk for ingestion
of foreign bodies is recommended.*” Regular treatment
with psyllium (0.25-0.5kg, once daily for 1 week per
month) should be provided in endemic areas with sandy
environments. Horses should be fed off the ground and
feed placed in tubs or on rubber mats to reduce the
ingestion of sand. Finally, based on evidence of a
protective effect, pasture turnout should be provided.

3.4.9 Ascending Colon Displacement
The ascending colon is freely movable within the
abdomen, since the right dorsal and transverse colons
are the only point of attachment to the body wall.
Displacements of the ascending colon may occur
secondary to other disorders, such as fecal impactions,
or as a primary problem due to management practices
including feeding large amount of concentrates in
infrequent meals.*! Large concentrate boluses allow
fermentable carbohydrates to reach the ascending
colon, increasing the rate of fermentation and volatile
fatty acid production.?**%? In addition, normal motility
patterns may be disrupted by large meals, increasing gas
and fluid accumulation from altered fermentation.**¢
However, an underlying motility disorder may be the
ultimate cause in some types of displacements.2¢!
Displacements are commonly grouped into right
dorsal and left dorsal (nephrosplenic) displacements, as
well as pelvic flexure retroversion, or non-strangulating
volvulus at the cecocolic junction.?*?-2¢* The exact posi-
tion of the colon in the abdomen may vary; therefore,
diagnosis may simply be large colon displacement. A left
dorsal displacement is entrapment of the ascending
colon over the nephrosplenic ligament. It is diagnosed
on transrectal palpation by tracing a band of the left
ventral colon into the dorsal left quadrant between the
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kidney and base of the spleen. Diagnosis is supported by
the inability to locate the left kidney on ultrasound
examination through the left flank.!* Right dorsal dis-
placement is dislocation of the colon into any number of
configurations in the abdomen and is commonly diag-
nosed rectally by a tight band running between the
cecum and right body wall. In some cases, the pelvic
flexure is not palpable and the caudal abdomen feels
empty due to retroflexion of the colon towards the
diaphragm.

Clinical signs of displacement include intermittent
mild to moderate abdominal pain with concurrent
abdominal distention. Fecal production is also reduced.
Obstruction of the lumen may result from the displace-
ment of the colon itself or secondary to impaction that
may be a concurrent problem. Distention can obstruct
venous and lymphatic outflow, resulting in congestion
and edema of the tissues, however, tissue damage is
minor and resolves quickly once the displacement is
corrected.

Medical management can be attempted using fluid
therapy, analgesics, and handwalking to stimulate
motility."”” In cases with left dorsal displacement, phen-
ylephrine and jogging may be attempted to contract the
spleen and replace the colon, if the large colon is not
severely distended with gas or impaction.?®® Trocarization
may reduce the amount of gas distention in the abdomen.
Alternatively, the horse can be rolled under anesthesia to
attempt to replace the colon ventrally.?¢62¢7

Horses with significant distention per rectum, unre-
lenting pain, or an abnormal abdominocentesis should
be taken to surgery immediately. A ventral midline celi-
otomy will allow for correction of most displacements.
Alternatively, a standing flank approach may be per-
formed to relieve left dorsal displacements, however, a
full exploratory is not possible through a flank approach.
A pelvic flexure enterotomy may be elected for relief of
impactions.

Horses recovering from displacements are returned to
feed in a similar manner to horses with ascending colon
impactions once the displacement has resolved (see
previous section on ascending colon impactions). If
medical treatment was successful, confirmation that the
colon has returned to its normal position can be made
by transrectal palpation, adequate fecal production, and
a lack of signs of colic for at least 12h. Good quality for-
age is recommended when returning to feed and the
long fiber provided by most hays is preferred to increase

the bulk of ingesta within the colon. It is believed that
maintaining adequate fill of the ascending colon with
ingesta will reduce the risk that gas distention will pro-
mote migration to an abnormal position in the
abdomen.?** If surgery and an enterotomy were per-
formed, it is recommended to leave some ingesta in the
lumen, to provide some weight to the colon. The
remaining feed should also promote normal fermenta-
tion to reduce the risk of diarrhea.?”” Concentrates
should be avoided for at least 10-14 days or eliminated
from the diet to reduce the risk of soluble carbohydrates
reaching the large intestine and resulting in abnormal
gas production.

Prevention of large colon displacements is centered
on providing adequate quantities of good quality fiber
and ensuring adequate water intake. Concentrates
should be eliminated from the diet or fed in only in
small quantities (less than 0.5kg/100kg, no less than
every 6h). Because ascending colon impactions are
often a concurrent problem, strategies recommended
for prevention of impactions can be used for displace-
ments as well. While the recurrence rate for nephro-
splenic entrapment is low (between 7.5-8.1%) surgical
ablation of the nephrosplenic space can reduce this
risk.2¢8-27% A recent study noted an increased risk of recur-
rent colic after diagnosis and surgical treatment of right
dorsal displacements, with a recurrence rate of 41.9%
versus only 8.3% for left dorsal displacement.>®
Retroflexion of the pelvic flexure and non-strangulating
volvulus also had higher rates of recurrent colic.
However, the recurrence rate for a second right dorsal
displacement was still similar to nephrosplenic displace-
ment (about 7%). It is speculated that the cause of right
dorsal displacement may be an underlying motility
disorder, versus increased gas production proposed to
cause left dorsal displacement.?*> This may be the cause
of the increased risk of recurrence, which could under-
mine other preventive strategies. Based on these studies,
colopexy may be recommended in cases with repeated
displacements.?”!

3.4.10 Ascending Colon Volvulus

(Large Colon Torsion)

Ascending colon volvulus is produced by the twisting of
the colon on its mesenteric axis, typically in a counter-
clockwise direction at the level of the attachment of the
right and left dorsal colons to the abdominal wall.?”> The
cause of volvulus is still debated, but loss of abdominal
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fill after parturition or recent dietary changes have been
blamed.?** If the colon twists greater than 270° on its
axis, both the vasculature and lumen can be occluded,
resulting in strangulation of blood flow and significant
abdominal hypertension due to fluid and gas distention
within the lumen. After occlusion of the vasculature
occurs, the colon suffers irreversible damage within
3-4h, therefore expedient therapy is essential to
improve survival.?’* Examination of the horse is typi-
cally abbreviated, due to the severity of colic. Clinical
findings include pain refractory to analgesics and a
distended large intestine on rectal exam.

Treatment of volvulus involves detorsion of the large
colon through a ventral midline celiotomy. After dero-
tating the colon, viability is assessed by evaluating the
colon for a return of a pink color to the serosal surface,
active mucosal bleeding at a pelvic flexure enterotomy,
mucosal edema and hemorrhage, arterial pulses in the
colonic arteries noted by palpation or Doppler, muscular
motility, or fluorescein uptake. The gold standard for
assessment of viability is histopathology, but results are
often only available after the horse has recovered from
surgery or euthanized.?”* If the colon is deemed non-
viable, it can be resected up to the level of the cecocolic
fold, however, damage often extends farther than can
be adequately removed.?’® In these cases, questionable
bowel may remain in the abdomen, even with a resec-
tion, increasing the likelihood of dehiscence and fatal
peritonitis.

Post-operative feeding of horses with volvulus is
dependent on the degree of damage sustained by the
colon. In horses treated quickly with minimal mucosal
edema and mural hemorrhage, feeding can begin in the
early post-operative period (between 6-12h after sur-
gery). Usually a pelvic flexure enterotomy is performed
and some surgeons prefer to wait at least 12-24 h before
testing the suture line with feed. If damage to the colon
is minimal at surgery, the horse can be started on good
quality forage, at a rate of 0.5 kg every 4-6 h. Alternatives
to hay include complete rations or alfalfa pellets at the
same rate, or grazing for 15-20min. The diet should be
slowly increased over the next 1-3 days, until the full
ration is reached (2.0-2.5% of body weight in hay).
Grains should be avoided, due to the disruption of
normal flora from both the ischemic event and lavage
through the pelvic flexure enterotomy.?

In horses with large colon resection or if the colon
remains in situ but has sustained extensive damage due

to ischemia, it is recommended to postpone oral nutri-
tion until 12-48h after surgery to reduce the risk of
obstruction or failure of the anastomosis. This is espe-
cially true for horses with a questionable suture line
due to inability to completely resect the involved colon.
In horses with compromised intestine, endotoxemia,
anorexia, and disruption of both fermentation and
absorption may persist, and parenteral nutrition may be
recommended. Once the horse is reintroduced to feed
based on vital signs and appetite, a highly digestible
diet is required due to the loss of surface area of the
ascending colon.

The colon is the site for protein and cellulose diges-
tion and phosphorus absorption, therefore adjust-
ments should be made in the post-operative period to
ensure the diet contains at least 12% protein, 0.4%
phosphorus, and a quality fiber source (<28%).27"%7
Pelleted diets, including alfalfa pellets or complete
rations, would seem ideal due to the reduction in
transit time after resections, but were found to have
reduced cellulose digestibility.?”7?” If pellets are
included in the diet, these rations often must be fed at
a rate above maintenance to prevent weight loss.?”
While grass hay is recommended to reduce the risk of
post-operative diarrhea, it does not have the protein
content to maintain body weight in horses with large
colon resections or severe colon damage. Alfalfa hay is
preferred and horses should receive at least 2% of
body weight per day to maintain condition.?*° Despite
reduced absorption, additional phosphorus supple-
ments are not needed to maintain blood levels.?”
However, adequate water intake should be ensured
after resection (up to 81 more than normal horses) due
to increased loss of water in the feces.?’”” Over time, the
digestive tract appears to adapt through hypertrophy
and special diets are not required.?”*?!2%2 In some
horses, supplementing with oil or soybean meal may
improve and maintain weight gain in the early post-
operative period.?8!

Prevention of large colon volvulus is centered on sur-
gical techniques. Recurrence rates in the literature vary
between 5-50%, therefore, large colon resections or
colopexy of the left ventral colon may be chosen to
reduce this risk.?762828 Dietary changes should be
gradual and a forage based diet is recommended to
reduce the amount of carbohydrates entering the colon.
However, occupational risk for broodmares is a factor
that often will not be eliminated.
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3.4.11 Cecal Impactions
Impaction is the most common disorder resulting in
colic related to the cecum.?®>#¢ If impaction is the
primary problem, the cause is often multifactorial, asso-
ciated with poor quality roughage, poor dentition, and
reduced water intake.?®”2® Alternatively, cecal impac-
tions can be secondary to treatment for a separate
disorder, including orthopedic or ophthalmic disorders.
Secondary impactions have been related to painful con-
ditions, NSAIDs (or lack thereof), anesthetics, atropine
administration, and stall rest,286288-293

Cecal impactions are further classified by the physical
character of the impaction.?’ Type 1 impactions consist
of firm dry ingesta and are often comparable to
ascending colon impactions in that they are often attrib-
uted to a mechanical obstruction. Type 2 impactions are
characterized as an idiopathic stasis with ingesta having
a normal to fluid-like consistency. These horses often
have an edematous or thickened cecal wall with perito-
nitis and evidence of endotoxemia. However, there is
often significant overlap between classifications.*¢*

Clinical signs are subtle and often only noted as
depression, anorexia, and reduced fecal output. Cecal
impactions can rupture without any outward signs of
discomfort, therefore fecal production of all hospitalized
horses should be monitored carefully.?72°°* Diagnosis
is by transrectal palpation, which will note either an
ingesta or fluid filled cecum in the caudal right abdomen
with taut cecal bands. Cecal impactions can be treated
medically with intravenous and/or oral fluids and anal-
gesics. Feed should be withheld.!*287.288290.295 However,
surgical management may be indicated if the cecum is
grossly distended, medical management is not progress-
ing, or a type 2 stasis is suspected.**Some surgeons rec-
ommend early surgical intervention to improve
survival.?®” At surgery, typhlotomy and lavage may be
performed to relieve the impaction.26!287.289.294.296
If impaction recurs, or if a type 2 impaction is diagnosed,
a complete or incomplete ileocolostomy or jejunocolos-
tomy may be advised, with or without occlusion of the
distal small intestine.2¢!273294.297-299

Feeding after cecal impaction is complicated by a high
rate of recurrence.?*® Therefore, reintroduction to feed
should be slow and gradual, especially in any horse
when the inciting cause cannot be resolved (i.e., stall
rest, pain) or cecal dysfunction is suspected. Only water
should be offered in small amounts for the first 12-24h
after the impaction has resolved. Resolution is based on

a normal rectal examination and adequate fecal output.
Horses that tolerate oral fluids can be gradually reintro-
duced to feed. However, those that have had a bypass
may require a slower reintroduction to feed, starting at
36-48h post-surgery, due to the association between
refeeding and colic.?*® Hand walking and limited hand
grazing (5-15m) may be allowed early on to stimulate
motility, since complete fasting can reduce cecal motility
further.>® Once feed is introduced, low residue feeds
including complete pelleted diets and alfalfa pellets are
often preferred to reduce bulk within the large intestine
and cecum. Reintroduction to hay should be gradual,
starting with handfuls, and alfalfa is preferred due to
its laxative effects. Coastal Bermudagrass hay should
be avoided due to its association with intestinal
impactions.?**

Similar to ascending colon impactions, prevention is
centered on providing good quality forage and encour-
aging adequate water intake. Quality fiber should be
provided, as first cutting hays, fresh grass, or beet pulp.
Laxative diets, including alfalfa-based diets or green
grass, may be preferred, especially if the horse cannot be
removed from the predisposing causes of cecal impac-
tions. If possible, exercise should be encouraged and
paddock or pasture turnout provided to increase cecal
motility.>**!  Affected horses should be dewormed
against tapeworms due to the suspected association
between tapeworms and cecal impaction.287.296302:303

3.4.12 Cecocecal and Cecocolic
Intussusception
Cecocecal intussusceptions result from invagination of
the cecal apex into the cecal body. The cecal apex can
continue into the right ventral colon to become a ceco-
colic intussusception. Cecal intussusceptions may result
from changes in diet, bacterial infections, parasites, and
medications that alter motility or result in inflamma-
tion.2?0-291:304-306 Clinjcal signs are non-specific due to the
variable degree of intussusception and obstruction of
the flow of ingesta.?***%>3%7 Horses may have a prolonged
illness with mild to intermittent signs of colic, fever, or
weight loss.>” Physical exam findings are non-specific as
well, but it is possible that the intussusception may be
palpated on the right side of the abdomen or located
with ultrasound examination.?*>>7

Treatment is surgical, involving manual reduction
of the cecum from the intussusception followed by typh-
lotomy oramputation with the aid of a colotomy,264305:307.308
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Due to the often protracted nature of the disease,
reduction may be impossible. A complete bypass is then
performed using a ileocolostomy or jejunocolostomy
with or without amputation of the cecum within the
COlon.299,304,309,310

Depending on the procedure performed, refeeding
after intussusception can begin as soon as 24 h after sur-
gery.?** However, if a bypass procedure was elected,
feeding should be delayed for 36-48h due to the
association of refeeding with signs of colic.?*® Water
should be offered initially and if the horse tolerates
liquids, then feed can be offered similar for horses after
a large colon impaction. Small quantities of good quality
hay are provided (0.5kg or 1.11b, 4-6 times daily) and
slowly increased over 2-3 days until the horse is on a
full ration. Alternatives to hay include pelleted complete
diets or alfalfa pellets. Grazing should be encouraged,
starting at every 4 hours for 15min, due to its effect on
cecal motility.>® Concentrates should be avoided for
10-14 days to prevent any negative effects on colonic
microbial populations.

3.4.13 Descending (Small)
Colon Obstructions
Fecal impactions are the most common cause of obstruc-
tion of the small colon, alongside enteroliths in regions
that are endemic (see Section 3.4.8 for specific
information on enteroliths).2#2!!312 Risk factors for fecal
impaction are similar to those that result in impactions
of other portions of the gastrointestinal tract. Poor
quality roughage, poor dentition, parasitic damage,
inactivity, dehydration, and motility disorders have all
been implicated as contributing factors.?>3'*2!* It is
important to note that horses with small colon impac-
tions have an increased risk of salmonellosis, but it
remains unknown whether impaction is the cause or
result of Salmonella spp. infection.?!#31331>

Clinical signs of descending colon obstruction may
include reduced fecal output, mild to moderate abdom-
inal pain, abdominal distention, small volume diarrhea
or scant feces, fever, and straining to defecate.’!*?"
Diagnosis of obstruction is typically made on rectal pal-
pation with a tubular impaction or foreign body noted in
the lumen of the descending colon. If the obstruction is
more oral or in the transverse colon, then only gas dis-
tension of the ascending colon and cecum will be noted
on palpation. Radiographs may be helpful in visualizing
enteroliths, however, they are not always visible.?*

For feed impactions of the small colon, medical
therapy includes IV and oral fluids, laxatives, and anal-
gesics. Antibiotics or endotoxin antiserum may be indi-
cated if the horse is leukopenic or endotoxemic.?!?
Surgery is indicated if the horse is unresponsive to med-
ical therapy or analgesics, abdominal fluid is abnormal,
abdominal distention increases, or if the mass is believed
to be a foreign body or enterolith. During a ventral mid-
line celiotomy, a high enema can be administered to
lavage the impaction with extraluminal massage. An
enterotomy can also be performed to remove the impac-
tion directly. If a foreign body or enterolith is present, it
can be delivered per rectum with the aid of an enema.
If the obstruction cannot be mobilized, an enterotomy
can be performed in the taenia of the descending colon
or in the pelvic flexure for removal or to retropulse it
into the colon.’!¢ In addition, a large colon enterotomy
should be performed to remove the majority of fecal
matter oral to the obstruction to reduce the risk of
reimpaction.!*®

If medical therapy resolves the small colon impaction,
noted by adequate fecal output and absence of pain,
feed can be reintroduced slowly in a manner similar for
ascending colon impactions (see Section 3.4.6). Water is
typically allowed for the first 12-24h after resolution,
followed by a slow reintroduction to feed. The main
difference between refeeding an ascending and descend-
ing colon impaction is that pelleted diets are preferred
initially to prevent reimpaction. Hay is generally rein-
troduced 3—4 days after resolution of the impaction.>"

Horses treated surgically for descending colon obstruc-
tion are reintroduced to feed in a more conservative
manner. This portion of the colon is more prone to stric-
ture and dehiscence after enterotomy due to the size of
the lumen, high concentration of collagenase enzymes,
and the mechanical stress of fecal balls passing through
the site.>'#3 It is also important to note that ileus may
contribute to reimpaction, since time to first defecation
is significantly delayed after surgery for descending
colon impaction (30-40h).>** Due to this concern,
horses should be held off feed for 36-48h after surgery
and then feed should be slowly reintroduced starting at
0.5kg every 6 h and increasing gradually to a full ration
over 2—4 days.>">** Low residue feeds, such as complete
diets or alfalfa pellets, are preferred for the first 10-14
days after surgery to prevent reimpaction and wetting
the feed into a slurry may be beneficial.*!* This diet can
be continued indefinitely if luminal size is a concern.
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Laxatives and oral fluids may also be helpful to maintain
soft feces in the immediate post-operative period, along
with a laxative diet (alfalfa or fresh grass). In addition,
magnesium sulfate (0.2g/kg/day) can be administered
in the feed.

Small colon impactions can possibly be prevented by
providing good quality roughage and adequate fresh
water. Dental care should be provided and older horses
with loss of adequate grinding surface should be
provided a complete extruded feed rather than hay. In
horses with suspected stricture, a pelleted diet should be
fed as well. Prevention of enteroliths and fecoliths is
described in the previous section. Horses that obstruct
with a foreign body often outgrow the urge to eat inap-
propriate items, but the environment should be modi-
fied to reduce the risk. Often, good quality pasture will
reduce the consumption of foreign material.>*

3.4.14 Descending (Small) Colon
Strangulations

Strangulation of the descending colon most commonly
occurs due to a mesenteric lipoma, but volvulus,
herniation, and intussusception have also been
reported.2®211:322-324 Clinical signs often include moderate
to severe colic and abdominal distention, but signs of dis-
comfort are often delayed. Rectal exam is similar to small
colon obstruction in that large colon distention is noted,
as well as a lack of fecal balls. Sometimes the clinician
will be able to palpate the obstruction of the lumen, if it
is far enough caudal. Abnormal rectal findings, progres-
sive abdominal distention, and peritoneal fluid changes
will indicate the need for surgery. Treatment involves
resection of the affected colon, as well as a pelvic flexure
enterotomy to lavage ingesta form the ascending
colon.’”>%” Post-operative refeeding is similar to small
colon obstructions treated surgically.
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A  Muscular system
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The most basic aim of veterinary clinical nutrition is
to design diets that prevent diseases by meeting the
minimum daily requirements for essential nutrients.
Two neuromuscular disorders that are impacted by
nutritional deficiencies include myodegeneration due to
selenium deficiency' and equine motor neuron disease
due to vitamin E deficiency.? More recently, equine
research has embraced nutrigenomics, in which a
horse’s nutritional requirements are tailored to its
individual genetic make-up. Equine nutrigenomics
has been applied to the dietary management of genetic
disorders such as polysaccharide storage myopathy
(PSSM), recurrent exertional rhabdomyolysis (RER),
and hyperkalemic periodic paralysis (HYPP). This
chapter will focus on dietary management of these
disorders as well as general dietary recommendations
for horses with sporadic forms of tying up or exertional
rhabdomyolysis (ER).

4.1 Myopathies Associated
with Nutritional Deficiencies

4.1.1 Nutritional Myodegeneration

due to Selenium Deficiency

(NMD; white muscle
disease, nutritional muscular dystrophy) occurs in foals

Nutritional myodegeneration

due to a dietary deficiency of selenium.'* The nutritional
deficiency usually arises in utero when selenium deficient
diets are consumed by dams during gestation. In some, but
not all cases, there may also be a deficiency of vitamin E.

4.1.1.1 Prevalence

The prevalence of NMD depends on whether forage fed
to pregnant mares was grown on selenium-deficient soil
and if mares received supplemental dietary selenium.
Selenium deficient areas occur throughout a large
portion of the United States and other countries.*®

Forages and grains produced in the northeastern and
eastern seaboards and northwestern regions of the United
States are particularly deficient. Forage types within an
area will also vary in their selenium content. Legumes
and rapidly growing forage have lower selenium content
than grasses. Regardless, as selenium is now usually
added to equine concentrates, the incidence of NMD has
declined markedly since the 1980s. Vitamin E deficiency
occurs most commonly when horses do not have regular
access to green pastures and when they are fed hay
deficient in vitamin E due to prolonged or poor storage.

4.1.1.2 Pathophysiology

During normal cellular metabolism, highly reactive
forms of oxygen (free radicals) are produced. Vitamin E
is active within the cell membrane as a lipid-soluble
antioxidant that scavenges free radicals that otherwise
might react with unsaturated fatty acids to form lipid
hydroperoxides. In contrast, the selenium containing
enzyme glutathione peroxidase (GSH-Px) destroys
hydrogen peroxide and lipoperoxides that have already
been formed and converts them to water or relatively
harmless alcohols. A deficiency in selenium and vitamin
E in highly metabolically active skeletal and cardiac
muscle results in oxidant damage to muscle cell mem-
branes and mitochondria leading to a loss of cellular
integrity.*” The most rapidly growing or active foals in
the herd are often affected.

4.1.1.3 Clinical Signs

Foals may present with signs of heart failure including
sudden death or depression, rapid heart rate, difficulty
breathing, and foamy nasal discharge. Foals may have
skeletal muscle degeneration primarily and these
foals have firm painful muscles on palpation, muscle
weakness, trembling of the limbs, and stiffness. Affected
foals will lie down frequently and have difficulty rising.
If the tongue and pharyngeal muscles are affected,
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then milk may be seen from the nostrils and foals may
develop aspiration pneumonia.

4.1.1.4 Diagnosis

Suspicion of NMD arises when foals have associated
clinical signs and elevated serum muscle enzyme
activities such as creatine kinase (CK) and aspartate
transaminase (AST). With severe muscle degeneration,
hyperkalemia, hyperphosphatemia, hyponatremia,
hypochloremia, and myoglobinuria may be present.’
Confirmation of NMD requires analysis of whole blood
selenium and serum vitamin E concentrations. Normal
equine whole blood selenium concentrations range from
0.07 to greater than 0.1 ppm (pg/g) and normal equine
serum vitamin E concentrations range from 2-5ppm.®
Recent supplementation or selenium/vitamin E injec-
tions can confuse interpretation of circulating concen-
trations of selenium or vitamin E. Measuring GSH-Px
activity formed in the red blood cells during erythropoi-
esis may be of value in such cases. Adequate GSH-Px
activity is greater than 20-50 U/mg of hemoglobin per
minute in horses, however, this range varies between lab-
oratories.” Tissue biopsies and tissue specimens obtained
at necropsy provide an accurate indication of selenium
and vitamin E storage. Normal liver concentrations of
selenium are 1.05-3.50pg/g DM for horses.!'® Muscle
biopsies show evidence of acute myodegeneration and
scattered calcification within myofibers.

Vitamin E deteriorates rapidly in plasma samples and,
therefore, plasma samples for a-tocopherol analysis need
to be put on ice immediately, protected from light by
wrapping in tin foil, and frozen (-21°E -70°C) if anal-
ysis is to be delayed. The critical plasma concentration of
vitamin E (a-tocopherol) for NMD is 1.1-2.0 ppm (pg/g).?

The precise interrelationships between selenium,
vitamin E, other metabolic factors, and triggering mech-
anisms in NMD are not fully understood because many
animals deficient in selenium or vitamin E have no evi-
dence of muscle disease. In certain situations, defi-
ciencies of both selenium and vitamin E are necessary
for disease to occur. In other animals, NMD can occur
when a deficiency of only one of the nutrients is present
and the other is normal in blood and tissues.

4.1.1.5 Treatment

Foals with NMD affecting skeletal but not cardiac muscle
often respond favorably to treatment and rest. Improve-
ment is evident after a few days, and within 3-5 days,

affected animals can often stand and walk. The cardiac
form of NMD is usually not compatible with life.
Therapy includes supplementation with selenium and
vitamin E as well as general supportive care. Injectable
selenium products are available with concentrations
varying from 1-5mg of selenium/ml, with all products
containing 50mg/ml (681U) of vitamin E as dl-a-
tocopheryl acetate.” The label dose for selenium is
0.055-0.067mg/kg, IM (2.5-3.0mg/45 kg body weight).
Dosage of injectable products administered should not
be greatly increased above the label dose to prevent
inadvertent selenium toxicosis.

The vitamin E in selenium/vitamin E combination
products is added as a preservative and is, therefore,
insufficient for vitamin E supplementation.® Oral sup-
plementation with water-soluble natural (d-a-tocopherol)
blood
Recommended daily vitamin E supplementation for sick
foals is 101U/kg body weight.?

products rapidly achieve normal levels.®

4.1.1.6 Dietary Prevention

Prevention and control of NMD is achieved by supple-
mentation of selenium and vitamin E to pregnant dams.
Oral supplementation of adult horses with 1mg of
selenium per day increases blood selenium concentra-
tions above levels known to be associated with NMD.!!
Supplementation of pregnant mares is advised in areas
known to be selenium deficient; however, only limited
selenium may cross the placenta.> Supplementation
during lactation increases the levels of selenium in milk
and thus provides a potential means of selenium supple-
mentation in foals; however, evidence in cattle indicates
that this increased level of selenium in milk may not
meet nutrient requirements.%!>13

4.1.2 Equine Motor Neuron Disease

and Vitamin E Deficiency

Equine Motor Neuron Disease (EMND) is a chronic
degenerative disorder of motor neurons arising from the
spinal cord and brain stem nuclei that innervate skeletal
muscle fibers.!*!* Long-standing dietary vitamin E
deficiency is one of several intrinsic and environmental
factors that contribute to EMND.!¢!7

4.1.2.1 Prevalence

EMND occurs worldwide and particularly affects horses
with limited access to green pasture.'*!* However, low
serum vitamin E concentrations and clinical signs of



Muscular system 53

EMND have been documented in horses grazing lush
grass-based pastures in Europe.'*-

4.1.2.2 Pathophysiology

EMND affects neurons supplying highly oxidative type
1 muscle fibers.'>*® A chronic deficiency of vitamin E
predisposes motor neurons with high oxidative activity
to lipid peroxidation over time leading to permanent
neuronal damage. In naturally-occurring EMND, there
appears to be an individual susceptibility to oxidative
stress in at risk horses, with clinical signs developing in
only a subset of horses maintained in high risk environ-
ments. Horses with naturally occurring EMND require
at least 18 months of a vitamin E deficiency before
developing clinical signs.?! In addition, excessive dietary
copper, a potential pro-oxidant, is a risk factor for EMND
development.?? Other proposed pathologic causes of
EMND include low bioavailability of dietary vitamin E,
excess utilization of vitamin E caused by exposure to
environmental oxidants, such as iron, cadmium, and
lead, failure of absorption or retention of vitamin E, a
familial predisposition, or decreased absorption due to
intestinal epithelial absorptive dysfunction.®

4.1.2.3 Clinical Signs

Classic clinical signs of EMND include weight loss, muscle
atrophy, muscle weakness, muscle fasciculation, frequent
weight shifting of hind limbs, excessive recumbency,
elevated tail head, and abnormally low head and neck
carriage.”” Horses often stand with their limbs under-
neath their abdomen, like an elephant standing on a ball.

4.1.2.4 Diagnosis

A definitive diagnosis is based upon postmortem demon-
stration of degeneration and loss of motor neurons from
the ventral horns of the spinal cord.?® Antemortem diag-
nosis of EMND is based upon histopathology and low
serum vitamin E concentration. Histologic evidence of
EMND includes degeneration of myelinated axons from
a biopsy of the ventral branch of the spinal accessory
nerve or neurogenic atrophy of predominantly type 1
muscle fibers in a biopsy of the sacrocaudalis dorsalis
medialis muscle.>!>2!

4.1.2.5 Treatment

For EMND affected cases, 5000-70001U/day of d-a-
tocopherol is recommended.® It is important to note that
there are synthetic and natural forms of vitamin E

supplements and they differ in their bioavailability. For
treatment of EMND, the micellized form of natural
RRR-a-tocopherol (d-a-tocopherol) is recommended
due to the rapid restoration of adequate tissue levels of
vitamin E using this formulation.?*** For absorption of
the esterified form (acetate), the ester group has to be
removed and the a-tocopherol portion made water-
soluble by the action of bile salts (micellization).® These
additional digestive steps may limit a-tocopherol
absorption in the horse.

With vitamin E treatment, approximately 40% of
cases demonstrate clinical improvement within 6 weeks
and some may appear normal within 3 months."
It should be noted, however, that return to performance
may result in deterioration. Divers!* reports that approx-
imately 40% of cases will stabilize but remain perma-
nently impaired while 20% will have continual
progression of clinical signs. Early recognition of signs of
muscle atrophy and low dietary vitamin E are essential
if signs of EMND can be reversed.

The diet should consist of good quality grass or alfalfa
hay and pasture. Vitamin E content varies markedly
among equine dietary constituents with the highest
levels in fresh grass and declining concentrations with
processing and storage. Most pasture grasses, especially
orchard grass supply approximately 50-801U of vitamin
E/kg dry matter, however, this can be highly variable.

4.1.2.6 Prevention

Horses without access to green forage should be supple-
mented with 11U0/kg body weight/day of vitamin E to
prevent EMND and higher levels are recommended for
horses in heavy exercise. It is important to account for
the 2:1 ratio of activity of RRR-a-tocopherol compared
to all-rac-a-tocopherol acetate when considering
vitamin E supplementation.® For example, if pure
RRR-a-tocopherol is the supplement provided to a
500-kg adult sedentary horse (recommended dose of
110/kg), only 2501IU can be administered whereas if a
synthetic all-rac-a-tocopherol supplement is provided,
5001U should be administered because it is less biologi-
cally active. These respective dosages will provide the

same active amount of a-tocopherol.

4.1.3 Vitamin E Deficient Myopathy

Some horses with clinical signs of EMND and vitamin E
deficiency are not diagnosed with EMND because
they lack evidence of neurogenic atrophy in the
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sacrocaudalis dorsalis muscle. A recent study suggests
that these horses have a vitamin E deficient myopathy
characterized by abnormal staining of mitochondria in
sacrocaudalis dorsalis muscle biopsy specimens.? Thus
there may be a specific myogenic presentation of
vitamin E deficiency. Horses with this vitamin E deficient
myopathy show a remarkable response to treatment
with vitamin E, unlike horses with EMND.

4.1.3.1 Pathophysiology

Affected horses have low muscle vitamin E concentra-
tions which may produce weakness due to a reversible
manifestation of mitochondrial oxidative stress. Loss
of muscle mass and weakness is a feature of mitochon-
drial myopathies in horses* and humans. A recent
study in mice suggests that a mitochondrial stress
response may induce gene expression that mimics
starvation in a normal nutritional state.?” Thus,
vitamin E deficient myopathy may be an entity unto
itself or possibly a predecessor to development of
EMND.

4.1.3.2 Clinical Signs

Affected horses share the same clinical features of muscle
weakness and atrophy with EMND. Horses show a
decrease in performance due to exercise intolerance, gen-
eralized locomotor muscle wasting, muscle fasciculations,
weight shifting, and increased recumbency.

4.1.3.3 Diagnosis

Acquired vitamin E deficient myopathy is diagnosed by
confirming low serum or muscle vitamin E concentra-
tions and identifying an abnormal moth-eaten staining
pattern in nicotinaminde adenine dinucleotide tetrazo-
lium reductase stain of frozen biopsies of the sacrocau-
dalis dorsalis muscle.?” In many, but not all, cases serum
vitamin E concentrations are low (<2pg/ml). The dis-
tinction between this disorder and EMND is the
presence of myopathic changes and mitochondrial
abnormalities rather than neurogenic atrophy in sacro-
caudalis dorsalis muscle. Gluteus medius muscle biopsy
samples are normal.

4.1.3.4 Treatment

Acquired vitamin E deficient myopathy is highly respon-
sive to treatment with natural (d-a-tocopherol) vitamin
E (50001U0/500kg, PO, q24h) and a very gradual
reintroduction to exercise once strength returns.?

4.1.4 Sporadic Exertional Rhabdomyolysis
Sporadic exertional rhabdomyolysis (ER) is a term used
to describe horses that sporadically have a disruption of
innately normal muscle during exercise due to
management practices such as dietary imbalances,
change in exercise, viral infections, or trauma. Horses
usually have a history of adequate performance prior to
onset of muscle pain and successtully return to
performance following a reasonable period of rest, pro-
vision of a balanced diet, and a gradual training program.
Horses with these sporadic occurrences may be of any
age, breed, or sex, and involved in a wide variety of
athletic disciplines. Episodes of muscle pain may recur
over a short period of time prior to resolving the external
perturbations that affect muscle function. In many
cases, horses are initially presumed to have sporadic ER.
However, if over time episodes of muscle pain recur
despite the best management, further investigation may
lead to a diagnosis of a form of chronic ER.

4.1.4.1 Causes and Dietary Management

of Sporadic ER

1 Overexertion
A history of an increase in work intensity without a
foundation of consistent training for a higher level of
intensity is usually the basis for suspecting a training
imbalance as a cause of ER.

2 Heat and electrolyte exhaustion
Prolonged exercise in hot, humid weather can lead to
heat exhaustion (105-108°F [41-42°C]) and myo-
globinuria, especially during endurance competitions.
Acute hyponatremia, hypokalemia, hypochloremia,
and hypocalemia are apparent in blood samples and
immediate intravenous fluid therapy treatment is
required.?® Commercial electrolyte mixtures contain-
ing a 2:1:4 ratio of Na:K:Cl are recommended prior to
and during prolonged endurance rides to prevent
depletion.?

3 Chronic electrolyte imbalances
Chronic imbalances are much more difficult to accu-
rately assess than acute depletion. Work by Harris?’
established renal fractional excretions as a technique
to evaluate electrolyte concentrations in horses.
Blood and urine samples are obtained concurrently
and creatinine and electrolyte concentrations are
measured in both. [Serum creatinine]/[urine creati-
nine] multiplied by [urine electrolyte]/[serum elec-
trolyte] x 100 provides the renal fractional excretion
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of a given electrolyte. This technique is complicated
by marked electrolyte variations that occur because of
diet, time of day, sampling technique, and among
individuals.’® Furthermore, the high calcium crystal
content in equine urine makes acidification of sam-
ples necessary to accurately assess urinary calcium
and magnesium concentrations. In the United
Kingdom, a number of horses with ER had low
fractional excretions of sodium and daily dietary
supplementation of 60g (20z) NaCl resulted in
abatement of clinical signs. Other horses had high
phosphorus excretion suggesting a dietary calcium:
phosphorus imbalance. Decreasing bran while
providing a daily calcium supplement (60g CaCO,)
was helpful in reducing clinical signs of ER.*!
Hypokalemia has also been suggested to play a role in
chronic ER, although it is not a common finding in
horses consuming adequate quantities of forage.
Supplementation with good quality forage or 30g of
KCl/day (lite salt) is recommended for horses with
low renal fractional excretion of potassium.

Selenium and vitamin E deficiency

In some areas, soil selenium can be particularly low
and soil factors may impair adequate selenium uptake
from the diet. In addition, inadequate vitamin E
intake can arise when horses have restricted green
pasture or turn out. While it is not readily docu-
mented that deficiencies of antioxidants such as
vitamin E and selenium cause sporadic ER, it seems
reasonable that inadequate antioxidant levels may
predispose horses to muscle soreness. Adequate blood
selenium concentration is usually considered to be
>0.07 pg/ml. Veterinarians in selenium deficient areas
often anecdotally report a higher degree of success in
treating a variety of myopathies by providing
selenium supplementation above that normally rec-
ommended for horses (0.2-0.3mg/kg/dry matter)
and that higher doses of oral selenium are required to
maintain adequate blood levels. Adequate serum
vitamin E concentration is 2.0-5.0 pg/ml.° Adequate
daily intake of vitamin E ranges from 500-1000IU
per day, depending on exercise intensity. In addition
to the vitamin E provided by green grasses and well-
cured hay, supplemental vitamin E from commer-
cially prepared diets and supplements may be
necessary to achieve adequate antioxidant status.
With extreme exertion such as endurance riding,
antioxidants such as vitamin E may have a key

protective role in preventing muscle damage. A bene-
ficial effect of supplementing beyond daily require-
ments, particularly for horses performing less intense
exercise remains equivocal.

4.2 Nutrigenomics

4.2.1 Chronic Forms of Exertional
Rhabdomyolysis

Horses that have repeated episodes of ER from a young
age, or from the time of purchase, or when they are put
back into training after a long period of rest, may have
an underlying intrinsic abnormality of muscle function.
Many horses with intrinsic muscle defects will have
repeated episodes of ER with minimal exercise even
when the dietary and training recommendations for
sporadic ER are followed. Five specific intrinsic causes of
ER have been identified to date:

1 Recurrent exertional rhabdomyolysis (RER)

2 Malignant Hyperthermia (MH)

3 Type 1 polysaccharide storage myopathy (PSSM1)

4 Type 2 polysaccharide storage myopathy (PSSM2)

5 Idiopathic chronic exertional rhabdomyolysis.

The idiopathic group represents other causes of ER
that have yet to be identified. In all these intrinsic
forms of chronic ER, it appears that there are specific
environmental stimuli that are necessary to trigger
muscle necrosis in genetically susceptible animals.
Horses cannot be cured of their susceptibility to this
condition but if the specific form of ER is identified,
changes in management can be implemented in order to
minimize episodes of rhabdomyolysis.

4.2.1.1 Recurrent Exertional Rhabdomyolysis

RER describes a subset of ER that is believed to be due to
an abnormality in the regulation of muscle contraction
and relaxation.>*>* Research into RER has primarily
been performed in Thoroughbreds and to a lesser extent,
Standardbred horses.*>**=7 Scientific studies of RER
have used a small number of horses that share common
clinical signs of ER and have abnormal muscle contrac-
ture tests.*?%* Broader epidemiologic and genetic
studies have assumed that the same pathophysiologic
basis for ER exists in the majority of Thoroughbred and
Standardbred horses with similar clinical signs. Whether
this is true are not will require more research. There are
reports of some Arabian horses and Warmblood horses*°
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with ER that may also suffer from RER based on their
overlapping histories, clinical signs, muscle biopsy
findings, and response to management.

4.2.1.2 Pathogenesis

Rhabdomyolysis in type 2 muscle fibers is triggered sud-
denly during exercise in RER horses which results in a
sharp rise in serum myoglobin and CK activity.*!
Clinically, the triggering event is often associated with
excitement in a horse that already has an underlying
In Standardbreds, ER
commonly begins after 15-30min of jogging at 5m/s,

nervous temperament.*>?
although clinical signs may not be apparent until after
exercise.>>*! In Thoroughbreds exercising on the tread-
mill, ER most commonly develops with intervals of
walk, trot, and canter and is less common if horses are
allowed to gallop.*** At the racetrack, ER occurs
commonly when RER horses are held back to a paced
gallop.?® During eventing, RER commonly occurs after
the excitement of the steeplechase or early in the cross
country phase when horses are held to a predetermined
speed. RER rarely occurs when horses are allowed to
achieve maximal exercise speeds such as racing. A day
or more of rest before this type of exercise results in
higher serum CK activity post exercise.>*

Lactic Acid

There is no basis for an association between RER and a
lactic acidosis. Thoroughbreds and Standardbreds rarely
develop ER during near maximal exercise*>?** when
muscle lactate concentrations reach 240mmol/kg dry
weight* and plasma lactate concentrations are as high
as 25mM/I. Standardbred horses experience ER during
jogging when muscle lactate concentrations are less
than 24 mmol/kg dry weight.*® Similarly, plasma lactate
concentrations in RER Thoroughbred horses are less
than 1.5mM/l when performing walk, trot, and canter
treadmill exercise that induces high serum CK activity.*?

Intracellular Calcium Regulation

More recent research suggests that horses with RER
may have an inherent abnormality in intramuscular
calcium regulation that is intermittently manifested
during exercise.>**” Myoplasmic calcium concentrations
are tightly controlled by channels and pumps in the
sarcoplasmic reticulum and wusually unaffected by
normal serum calcium concentrations or minor fluctu-
ations in dietary calcium. Basal muscle intracellular

calcium concentrations in RER horses are similar to
healthy horses based on assays in muscle cell cultures.*”
Higher intracellular calcium concentrations have been
measured in horses of unspecified breeds during an epi-
sode of ER, however, this also could be secondary to any
insult that impairs energy generation or cell membrane
integrity.*® To specifically study shuttling of calcium bet-
ween the sarcoplasmic reticulum and myoplasm within
the muscle cell, technically complex procedures such
muscle contracture testing, calcium imaging in muscle
cell cultures, and calcium release by isolated muscle
membrane preparations have been evaluated. In spite of
many detailed investigations of a small number of
horses, the exact defect in regulating muscle contraction
in RER horses has yet to be identified. RER appears to be
a novel defect in muscle excitation-contraction coupling,
calcium regulation, or contractility whose basis is yet
to be defined. Alternatively, the increased sensitivity
of RER horses in contracture testing may be a non-
specific indicator of an abnormality in other pathways
governing muscle contraction.

4.2.1.3 Prevalence and Risk Factors

In Thoroughbred racehorses, the prevalence of RER is
remarkably similar around the world with estimates
ranging from 4.9% in the US,*® 5.4% in Australia,*” and
6.7% in the UK.**° The annual incidence of ER in
Standardbred racehorses in Sweden is 6.4%.?*> Exercise
obviously increases the prevalence of RER in horses and
episodes are observed more frequently once horses
achieve a level of fitness.>** In Standardbreds and
Thoroughbreds, mares more commonly have RER than
males particularly in Thoroughbreds less than 3 years of
age.>” Temperament has a strong effect on the expres-
sion of RER in both Standardbreds and Thoroughbreds,
with nervous horses, particularly fillies, having a higher
incidence of rhabdomyolysis than calm horses.>?
A genetic susceptibility to RER appears to exist in
Thoroughbred horses and RER-affected Thoroughbreds
may pass the trait along to 50% or more of their
offspring.”'*? No specific genetic defect has of yet been
identified in horses with RER.

4.2.1.4 Diagnosis

A presumptive diagnosis of RER is based on clinical
signs of muscle pain and the presence of risk factors
commonly associated with RER. Muscle histopathology
is nonspecific in RER horses; either there are no
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abnormalities or evidence of centrally located nuclei in
mature muscle fibers and potentially waves of myofiber
degeneration or regeneration.** There is a notable absence
of abnormal amylase-resistant polysaccharide, although
increased subsarcolemmal amylase-sensitive glycogen
may be present.”> Serum CK and AST activities serve as
the basis for detecting muscle degeneration and they
often show intermittent abnormal elevations that return
to normal relatively quickly during the course of training.

4.2.1.5 Management

Prevention of rhabdomyolysis in horses susceptible to
RER is complex and multiple factors need to be changed
to decrease episodes. These factors include environ-
ment, exercise regime, and diet. In addition, medication
may be needed at times to prevent further episodes of
muscle damage. Since excitement and nervousness
often trigger rhabdomyolysis,>~7 stressful situations in
the environment that can be modified need to be iden-
tified. This may involve a change to a smaller barn with
fewer horses and fewer handlers, compatible compan-
ions, and a more consistent daily routine. Providing
daily turn out with other horses seems to be very bene-
ficial for RER horses and may decrease anxiety and
thereby the likelihood of rhabdomyolysis. Although a
period of rest is recommended for sporadic forms of ER
until serum CK normalizes, it is not recommended for
horses with RER. Daily exercise is important to prevent
episodes of rhabdomyolysis and therefore when serum
CK is about <3,000 U/L, horses are returned to regular
daily exercise.

Supplements

Horses require daily dietary supplementation with
sodium and chloride either in the form of loose salt (30—
50g/day) or a salt block. Additional electrolyte supple-
mentation is indicated in hot humid conditions.
A myriad of supplements is sold that are purported to
decrease lactic acid build up in skeletal muscle of RER
horses. These include sodium bicarbonate, B vitamins,
branched chain amino acids, and dimethylglycine. Since
lactic acidosis is no longer implicated as a cause for rhab-
domyolysis, it is difficult to find a rationale for their use.

Medications

Low doses of tranquillizers, such as acepromazine, prior
to exercise have been used in RER horses prone to
excitement.”* Dantrolene sodium acts to decrease

release of calcium from the ryanodine receptor in
skeletal muscle and is used to treat MH.>> Controlled
and field studies have also shown that oral dantrolene
can significantly decrease signs of rhabdomyolysis in
RER horses. Phenytoin also has been reported to be
effective in preventing rhabdomyolysis in horses with
RER.*® Various hormones, ranging from thyroxine to
progesterone and testosterone, have been given to
horses with RER, however, there are no scientific studies
to validate their use. Some mares appear to exhibit signs
of rhabdomyolysis during estrus and it may well be of
benefit in these horses to suppress estrus behavior using
progesterone injections. Testosterone and anabolic
steroids have been used to prevent signs of RER in
racehorses, but their use is regulated.

Adjunct Therapies

Massage, myofascial release, mesotherapy, stretching,
aqua-treadmills, and hot/cold therapy performed by
experienced therapists may be of benefit in individual
cases.’”” Their use may promote relaxation, normal
muscle tension, and build muscle strength.

4.2.1.6 Dietary Management of RER

It is clear that diet impacts the expression of RER such
that Thoroughbred horses fed more than 2.5 kg of grain
are more likely to show signs of ER (Figure 4.1).%?
A nutritionally balanced diet, appropriate caloric intake,
and adequate vitamins and minerals are the core
elements of managing RER. For RER affected Thorough-
breds and Standardbreds in training, usually the
challenge is supplying enough calories in a highly
palatable form to meet their daily energy demands. This
is in part because racehorses often require >30 MCal of
digestible energy (DE) a day (5kg sweet feed, 1.5% of
body weight in hay) and because of their nervous
temperament they may be more discriminating in their
eating habits. Out of the total daily calories required by
RER horses, research suggests that less than 20% DE be
supplied by nonstructural carbohydrates (NSC=starch
and sugar) and at least 20% of DE be supplied by fat
(Table 4.1).43¢0

Selection of Forage

Thoroughbred horses do not appear to show the same
significant increase in serum insulin concentrations in
response to consuming 17% NSC hay as seen in Quarter
Horses.®! This fact combined with the high caloric
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requirements of racehorses may mean that it is not as
important to select hay with very low NSC content in
RER Thoroughbreds as it is in PSSM horses. Anecdotally
some trainers find horses with RER have more frequent
episodes of ER on alfalfa hay. The nervous disposition of
some RER horses may predispose them to gastric ulcers
and thus frequent provision of hay with a moderate
NSC and mixed alfalfa content may be indicated.
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Figure 4.1 Serum CK activity 4h after 30 min of exercise for
5 days a week in 5 RER susceptible Thoroughbreds when fed
four different diets. %2 HS represents 2.5 kg of high starch
sweet feed (40% DE from NSC, 3% DE from fat) fed with
grass hay for a total daily DE of 21 MCal/day. HS represents
5kg of high starch sweet feed fed with grass hay for a total
daily DE of 29 McCal/day. HS+BC represents 5kg of high
starch sweet feed with 4% sodium bicarbonate added. FAT
represents a low starch, high fat feed (ReeLeve®, Kentucky
Equine Research, Versailles, KY, 10% DE from NSC and 20%
DE from fat) fed with grass hay for a total of 29 MCal/day.
Note that horses fed a low caloric diet (1/2 HS) or a high
caloric fat diet (FAT) have lower post exercise serum CK
activity than horses fed a high calorie, high starch diet with or
without sodium bicarbonate added.

Low Starch High Fat Concentrates

When RER Thoroughbreds are fed a moderate caloric
intake (24 McCal/day) in the form of high starch con-
(2.5kg of
molasses) they show very little elevation in serum CK

centrates corn/oats/wheat middlings/
activity with exercise (Figure 4.1).%> Most Thoroughbred
racehorses, however, are fed at least 5kg/day of high
starch concentrate at 30 MCal or more/horse/day and at
this level of feeding, post-exercise serum CK activity
rises significantly.>® The discovery that substitution of
fat for starch in a high calorie ration significantly
reduces muscle damage in exercising RER horses was a
major advance in nutritional management of RER.*
Practically, however, it was difficult to achieve the
desired caloric intake of racehorses because the
maximum amount of fat that finicky Thoroughbreds
will happily consume is often limited to 600 ml of vege-
table oil or 51lb (2.3kg)/day of balanced rice bran.
Management of RER horses was significantly improved
when a palatable means to provide the amount of fat
required by fit finicky RER Thoroughbreds was devel-
oped. A controlled trial using a specialized feed devel-
oped for RER (ReeLeve®, Kentucky Equine Research,
Versailles, KY [13% fat by weight and 9% NSC]) deter-
mined that NSC should be no greater than 20% of daily
DE and 20-25% of daily DE should be provided by fat
for optimal management of RER horses fed 30 MCal or
more/day.* No beneficial effect on serum CK activity
occurred when 4.2% sodium bicarbonate was added to
a high starch pellet feed (Figure 4.1).** The amount of
fat in the diet of an RER horse depends upon its caloric
requirements. Over and above hay at 1.5-2.0% of body

Table 4.1 Feeding recommendations for a 500-kg horse with exertional rhabdomyolysis due to RER or PSSM.

RER PSSM
Exercise light moderate intense light moderate intense
Caloric intake (MCal) 20 25 33 18 23 30
Daily digestible energy from NSC (%) 15-20 15-20 15-20 <10 <10 <10
Daily digestible energy from fat (%) (5 15-20 20-25 15 15-20 15-20
Selenium (mg/day) 2.2 2.8 3.1 2.2 2.8 3.1
Vitamin E (mg/day) 1,400 1,800 2,000 1,400 1,800 2,000
Daily amount fed of a 12% NSC, 10% fat concentrate feed (kg)* 2.5 3.5 5 2 3 4
Grass hay <12% NSC by weight (kg) 7.5-10 7.5-10 7.5-10 7.5-10 7.5-10 7.5-10
Sodium chloride (g) 34 34 41 34 34 41

NSC is nonstructural carbohydrate

*ReeLeve®, Kentucky Equine Research, Versailles, KY, formulated for horses with exertional myopathies
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weight and 2.5kg of grain, any additional calories
required should be supplied by fat.

The benefit of a higher fat diet does not appear to be a
change in muscle metabolism. Pre- and post-exercise
muscle glycogen and lactate concentrations are the
same in RER horses fed a low starch, high fat diet com-
pared to a high starch diet.®* Rather, low starch, high fat
diets in RER horses may decrease muscle damage by
assuaging anxiety and excitability, which are tightly
linked to developing rhabdomyolysis is susceptible
horses. High fat low starch diets fed to fit RER horses
produce lower glucose, insulin, and cortisol responses
and led to a calmer demeanor and lower pre-exercise
heart rates (Figure 4.2).° Neurohormonal changes
may develop in response to high serum glucose, insulin,
and cortisol concentrations resulting in an anxious
demeanor. While a calm demeanor is desired during
training, some racehorse trainers feeding low starch
high fat feeds prefer to supplement with a titrated
amount of grain 3 days prior to a race to potentially
increase liver glycogen and increase a horse’s energy
during the race.

4.2.1.7 Expectations

Studies in RER horses show that significant reductions
or normalization of post-exercise serum CK activity
occurs within a week of commencing a low starch high
fat diet.*> Days off training in a stall are discouraged
because post-exercise CK activity is higher following
two days of rest compared to when working on con-
secutive days with the same amount of sub-maximal
exercise.

4.2.2 Polysaccharide Storage Myopathy
PSSM was first recognized as a specific muscle disease in
Quarter Horse-related breeds in 1992.%* However, there
are individual cases of abnormal polysaccharide inclu-
sions reported in equine muscle dating back to 1979.6>-¢7
The remarkable feature of the first horses reported to
have PSSM was two-fold higher muscle glycogen
concentrations than normal horses and abnormal gran-
ular amylase-resistant inclusions in histologic sections
of muscle.® Similar biopsy findings were reported in
Belgian and Percheron draft horses in 1997.% Since that
time, many hundreds of horses from a variety of breeds
have been diagnosed with PSSM.40->3.69.71-81

Several acronyms and synonyms are used for polysac-
charide storage myopathy besides PSSM#? including
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Figure 4.2 Postprandial glucose and insulin response
(mean = SE) for four fit RER horses after consuming a high
NSC meal of 4kg of sweet feed (HS: 40% DE from NSC,

3% DE from fat) or 4.0kg of a low starch, high fat commercial
concentrate (FAT: ReeLeve®, Kentucky Equine Research,
Versailles, KY; 10% DE from NSC and 20% DE from fat).

Note the lower glycemic and insulinemic response of RER
horses fed the low starch, high fat feed.

Equine Polysaccharide Storage Myopathy (EPSM?#
and EPSSM®!).
to whether these others encompassed one muscle

Considerable controversy existed as

condition or several muscle conditions.®>**°7 In 2008, a
mutation in the glycogen synthase 1 gene was found
to be highly associated with the presence of amylase-
resistant polysaccharide in skeletal muscle from Quarter
Horses with PSSM.%> Genetic testing of hundreds of
horses previously diagnosed with PSSM by muscle
biopsy revealed that the majority of cases of PSSM were
characterized by amylase-resistant polysaccharide in
skeletal muscle with this genetic mutation.®*® However,
some cases previously diagnosed with PSSM by muscle
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biopsy, particularly those with excessive amylase-
sensitive glycogen, did not possess the genetic mutation.
This suggested that there are at least two forms of
PSSM.8¢#7 For clarity, the form of PSSM caused by a
glycogen synthase 1 (GYSI) gene mutation is now
termed type 1 (PSSM1) whereas the form of PSSM that
is not caused by the GYSI mutation and whose origin is
yet unknown is now termed type 2 (PSSM2).8” PSSM1
is likely the same disorder described as “Azoturia” or
“Monday Morning Disease” in working horses in the
nineteenth and twentieth centuries.®*°

4.2.2.1 Type 1 PSSM

Prevalence

The GYSI mutation responsible for type 1 PSSM is pre-
sent in over 20 different horse breeds. It is estimated to
have emerged as far back as 1600 years ago when the
great horse was being developed from European draft
and light horse breeds to carry knights with heavy
armor into battle.®* The highest prevalence of PSSM
appears to occur in draft horses derived from
Continental European breeds.”! In contrast, the preva-
lence of PSSM is very low in United Kingdom-derived
breeds such as Shires and Clydesdales.”? Type 1 PSSM
occurs in about 6-10% of Quarter Horses, American
Paint, and Appaloosa horses.”>** The highest fre-
quency of type 1 PSSM occurs in halter Quarter Horses
(28% affected) and the lowest frequency in racing
Quarter Horses.”® The prevalence of type 1 PSSM is
very low in light horse breeds such as Arabians and
Thoroughbreds.

Pathophysiology

Glycogen is formed by the enzymes glycogen synthase
that provides straight a 1 —4 glycosidic linkages and a
glycogen branching enzyme that adds branched a 1 - 6
glycosidic linkages to the glycogen molecule. The auto-
somal dominant GYSI mutation produces a gene
product, glycogen synthase, which has an arginine
substitution for histidine at codon 309.% The effect of
this amino acid substitution is a higher than normal
activity of glycogen synthase, both at rest and when
activated by glucose 6-phosphate. As a result, skeletal
muscle of PSSM horses has 1.5-4.0 fold higher
concentration of glycogen than normal horse muscle.”
A less branched abnormal polysaccharide eventually
accumulates in PSSM muscle by 18 months of age.®® The
abnormal polysaccharide appears to be the result of a

much higher ratio of glycogen synthase to glycogen
branching enzyme activity in PSSM muscle resulting in
accumulation of a less branched abnormal glycogen
molecule. The accumulation of abnormal polysaccha-
ride is, in itself, not the cause of muscle dysfunction in
PSSM since foals as young as 1 month of age may show
evidence of muscle damage prior to the formation of
abnormal polysaccharide in skeletal muscle fibers.
Rather, the persistent glycogen synthase activity in type
1 PSSM horse muscle appears to disturb the normal flux
of muscle energy metabolism during exercise. The over-
active glycogen synthase enzyme in type 1 PSSM horse
muscle results in a shift in energy metabolism towards
storage of glycogen and fatty acids and away from utili-
zation of these substrates.® A deficit in cellular energy
within individual muscle fibers of type 1 PSSM horses
has been found after only 6-15min of exercise.” A diet
high in NSC further exacerbates clinical signs of PSSM.*”
This may potentially be the result of elevation of serum
insulin by a high NSC meal which activates abnormally
regulated glycogen synthase enzyme activity, further
exacerbating regulation of energy flux in skeletal muscle
with the GYSI defect.

The precise link between diet, enhanced glycogen
synthase activity, and muscle cell damage has not been
fully elucidated. Glycogen synthase activation is recip-
rocally linked to inactivation of myophosphorylase,
the enzyme necessary for release of glucose-1-phos-
phate from glycogen. Constitutively, active glycogen
synthase further stimulated by insulin could impair
release of glucose for energy metabolism by inactivat-
ing myophosphorylase. In addition, high grain diets
favor fatty acid synthesis within the muscle cell as a
result of increased muscle citrate concentrations.”® If
fatty acids within myofibers are directed toward syn-
thesis rather than metabolism, this could further
decrease substrates for energy metabolism in the
muscle cell. During the first 20 min of exercise, muscles
are dependent on glycogen for energy. If the mutation
disrupts glycogen availability and impairs the avail-
ability of fatty acids, then exercise intolerance may
arise.

Acute Clinical Signs

Horses usually show signs of PSSM at 6 years of age on
average, however, this can range from 1-14 years of
age. Some horses with type 1 PSSM are asymptomatic.
In general, owners describe horses with type 1 PSSM as
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having a calm and sedate demeanor. Acute clinical signs
include tucking up of the abdomen, fasciculations in the
flank, muscle stiffness, sweating, reluctance to move
forward, and overt muscle contractures. The hindquar-
ters are frequently most affected, but back muscles,
abdominal, and forelimb muscles may also be involved.
Signs of pain can last for more than 2h and about 10%
of cases become recumbent. Muscle pain often occurs
with less than 20min of exercise at a walk and trot,
especially when horses are unfit at the commencement
of training or after horses have had a substantial period
of rest. A diet high in NSC exacerbates theses signs.
During an acute episode of ER, horses with type 1 PSSM
often have markedly elevated serum CK activity
(>35,000 U/L) and myoglobinuria may be present.
Severe colic-like pain after exercise and myoglobinuric
renal failure are less common presenting complaints.
Some owners report a seasonal incidence of acute
clinical signs, which some have attributed to the quality
of grass available at the time.

Chronic Clinical Signs

Light Breeds

Chronic signs of type 1 PSSM in riding horses include a
lack of energy when under saddle, reluctance to move
forward, stopping, stretching out as if to urinate, and a
sour attitude towards exercise. Horses may have a
combination of low grade reluctance to exercise, poor
performance, and repeated episodes of ER. The range of
severity of clinical signs of PSSM can be wide with some
horses being asymptomatic and others completely inca-
pacitated. Serum CK activities are often elevated in
untreated Quarter Horses, even when horses are rested.
While horses are symptomatic, CK will usually increase
by 1,000 U/L or more 4h after 15min of exercise at a
trot. The median CK and AST activity for all PSSM
Quarter Horses with muscle biopsies submitted to the
University of Minnesota was 2,809 and 1,792 UJ/L,
respectively. Affected Quarter and Paint Horse foals
and weanlings may develop rhabdomyolysis without
exercise.

A small number of Quarter Horses and Paint horses
have both the GYSI mutation and a genetic mutation
for MH (RYR1), which results in particularly severe signs
of ER and a limited response to diet and exercise
changes.”” During an episode of ER, excessively high
body temperatures may develop and sudden death can
occur in horses with the RYRI mutation.

Draft Horse and Draft Crosses

The average age of draft horses diagnosed with PSSM is
about 8 years of age.” Many draft horses with PSSM are
asymptomatic. Signs of severe rhabdomyolysis and
myoglobinuria may occur in horses fed high grain diets
and exercised irregularly with little turn out or in horses
that undergo general anesthesia.!? Other signs of PSSM
in draft horses include progressive weakness and muscle
loss resulting in difficulty rising in horses with normal
serum CK activity. Pronounced weakness is more
prevalent in homozygotes for the GYSI mutation. Gait
abnormalities, such as excessive limb flexion, fascicula-
tions, and trembling are also reported in draft horses.
Although the condition Shivers was previously attrib-
uted to PSSM, a recent study found no causal association
between these two conditions.” The median serum CK
and AST activities in draft horses from which muscle
biopsies were sent to the University of Minnesota was
459 and 537 U/L, respectively.

Diagnosis
A genetic test for the GYSI mutation can be performed on
whole blood or hair root samples in North America at the
University of Minnesota Veterinary Diagnostic Laboratory
(www.vdl.umn.edu/vdl/ourservices/neuromuscular.
html) and in Europe by Laboklin (www.laboklin.co.uk/
laboklin/GeneticDiseases.jsp). MH testing is performed
at the University of Minnesota and the University of
California, Davis.

Muscle biopsy can also provide a means to diagnose type
1 PSSM. Muscle biopsy procedures, submission guidelines,
and interpretation are provided by the Michigan State
University Equine Neuromuscular Diagnostic Laboratory
(http://cvm.msu.edu/research/faculty-research/valberg-
laboratory). The distinctive features of type 1 PSSM in
muscle biopsy samples are numerous subsarcolemmal vac-
uoles and dense, crystalline periodic acid Schiff’s (PAS)
positive, amylase resistant inclusions in fast twitch fibers.*”
Genetic testing provides the gold standard for diagnosis
because a false negative diagnosis of type 1 PSSM by
muscle biopsy may occur if biopsy samples are small or if
horses are less than 1 year of age.

4.2.2.2 Type 2 PSSM

There is much less known about type 2 PSSM because,
as it turns out, previous research on PSSM has largely
involved horses with type 1 PSSM. Current knowledge
of type 2 PSSM is based on retrospective evaluation of
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cases diagnosed with PSSM by muscle biopsy* that are
now known be free of the GYSI mutation and a few
years of prospective clinical study.

Prevalence

Approximately 28% of PSSM cases that are diagnosed
by muscle biopsy in Quarter Horses do not have the
GYS! mutation.”” Type 2 PSSM seems to be more
common in higher performance horses such as barrel
racing, reining, and cutting horses compared to the high
prevalence of type 1 PSSM in halter horses. About 80%
of cases of PSSM diagnosed by muscle biopsy in
Warmbloods have type 2 PSSM. Breeds affected include
Dutch Warmbloods, Swedish Warmbloods, Hanoverians,
Friesians, Selle Francais, Westfalian, Canadian Warm-
blood, Irish Sport Horse, Gerdlander, Hussien, and
Icelandic horses. Many other light breeds have also been
diagnosed with type 2 PSSM including Morgans,
Standardbreds, and Thoroughbreds. Type 2 PSSM also
occurs in Arabians, however, in the author’s experience,
this breed is distinct in that Arabians often have
amylase-resistant rather than amylase sensitive poly-
saccharide but are negative for the GYSI mutation.

Pathophysiology

The cause of type 2 PSSM is currently unknown. It may
well be that there are a group of conditions that have
separate etiologies but share common findings of gly-
cogen accumulation and poor performance. A heritable
predisposition is suspected in Quarter Horses but is yet
to be proven.

Acute Clinical Signs

Horses with type 2 PSSM do not necessarily have the same
calm temperament as horses with type 1 PSSM. In adults,
acute clinical signs of rhabdomyolysis are similar between
type 1 and type 2 PSSM. Muscle atrophy after rhabdomy-
olysis is a common complaint in Quarter Horses with type
2 PSSM and may not be preceded by exercise. There are
more Quarter Horses less than 1 year of age reported with
type 2 PSSM than type 1 PSSM and affected foals may
present with an inability to rise or a stiff hind limb gait.

Chronic Clinical Signs

Chronic signs of type 2 PSSM are often most closely
related to poor performance rather than recurrent ER
and elevations in serum CK activity. An undiagnosed

gait abnormality, sore muscles, drop in energy level, and
willingness to perform after 5-10min of exercise are
common complaints in Quarter Horses with type 2
PSSM. Warmbloods with type 2 PSSM have painful firm
back and hindquarter muscles, reluctance to collect and
engage the hindquarters, poor rounding over fences,
gait abnormalities, and slow onset of atrophy. The mean
onset of clinical signs in Warmbloods is between 8-11
years of age with median CK and AST activity being 323
and 331 U/L, respectively.

Diagnosis

Type 2 PSSM must be diagnosed by muscle biopsy where
increased or abnormal PAS-positive, usually amylase-
sensitive material is apparent, particularly in subsarco-
lemmal locations. Determination of what constitutes an
abnormal amount of amylase-sensitive glycogen can be
subjective. False positive diagnosis is possible for type 2
PSSM in highly trained horses that normally have
higher muscle glycogen concentrations or in formalin
fixed sections that show a greater deposition of subsar-
colemmal glycogen even in healthy horses. Other histo-
pathological features that may be present with both
type 1 and type 2 PSSM include muscle necrosis, macro-
phage infiltration of myofibers, regenerative fibers, and
fiber atrophy. Some laboratories grade polysaccharide
accumulation as mild, moderate, or severe where mild
accumulation represents a category which has a higher
chance of being a false positive diagnosis. Mild PSSM
cases in particular should receive a full physical
examination to ensure that there are no other under-
lying causes for performance problems, such as
orthopedic disease.

Management of Type 1 and Type 2 PSSM

Owners need to be aware that any horse diagnosed with
PSSM will always have an underlying predilection for
muscle soreness. The best that can be done is to manage
horses in the most appropriate fashion to minimize
clinical signs. With adherence to both the diet and
exercise recommendations provided below, at least 70%
of horses show notable improvement in clinical signs
andmanyreturntoacceptablelevelsofperformance. 783
There is, however, a wide range in the severity of clinical
signs shown by horses with PSSM; those horses with
severe or recurrent clinical signs will require more strin-
gent adherence to diet and exercise recommendations
in order to regain muscle function.
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Rest

PSSM horses that are confined for days to weeks follow-
ing an episode of rhabdomyolysis often have persis-
tently elevated serum CK activity.®® In contrast, PSSM
horses kept on pasture with little grain supplementation
often show few clinical signs of rhabdomyolysis and
have normal serum CK activity.®® As a result, a common
recommendation for horses with PSSM is to limit stall
confinement to less than 48h after an episode of rhab-
domyolysis and then provide turnout in paddocks of
gradually increasing size. Providing horses with as much
free exercise as possible on pasture appears to be bene-
ficial in the long term. If pasture is lush, then a grazing
muzzle may be needed.”® Following an acute episode,
excitable horses may require tranquilization prior to
turn-out to avoid excessive galloping. Hand-walking
horses recovering from an episode of PSSM for more
than 5-10min at a time may trigger another episode of
rhabdomyolysis.

Exercise

The beneficial response to low starch fat supplemented
diets only occurs if dietary change is instituted in
conjunction with a regular incremental exercise
program.®”” Regular daily exercise in PSSM horses over a
3-week period has been shown to produce a dramatic
decrease in serum CK responses to exercise whereas
stall confinement often causes elevations in serum CK
activity post-exercise.®”” One common adaptation to
daily training is an increase in oxidative capacity in
skeletal muscle. The oxidative capacity of skeletal
muscle in PSSM Quarter Horses was found to be very
low based on markers such as citrate synthase activity
and a B-fatty acid oxidative marker, p-hydroxyacl CoA
dehydrogenase.”” The activity of these enzymes, how-
ever, was equally low in control Quarter Horses.
Whether the beneficial effect of daily exercise on PSSM
horses is a result of improved oxidative enzyme capac-
ities, enhanced substrate flux, or both has not been
elucidated.

Important principles to follow when starting exercise
programs in PSSM horses include; (1) provide adequate
time for adaptation to a new diet prior to commencing
exercise, (2) recognize that the duration of exercise, not
the intensity, is of primary importance, (3) ensure the
program is gradually introduced and consistently per-
formed, and (4) minimize days without some form of
exercise. If horses have experienced a moderate to

marked episode of rhabdomyolysis recently, then 2
weeks of turn-out and diet change are often beneficial
prior to recommencing exercise. Exercise should be
very relaxed and the horse should have a long, low
frame without collection. For many horses this is most
readily done in a round pen or on a lunge line, but can
be done under saddle if needed. Successive daily
addition of increasing 2-min intervals of walk and trot
beginning with only 4min of exercise and working up
to 30min after 3 weeks is often recommended.!®!1°?
Horses that have minor elevations in CK activity 4h
after a 15-min exercise test may begin with 15min of
exercise. Owners often do not recognize that walking
the horse for 10 min or more initially can trigger muscle
soreness in PSSM horses. Advancing the horse too
quickly often results in an episode of rhabdomyolysis
and repeated frustration for the owner. Work can usu-
ally begin under saddle after 3 weeks of ground work
and can gradually be increased by adding 2-min inter-
vals of collection or canter to the initial relaxed warm-
up period at a walk and trot. Unless a horse shows an
episode of overt rhabdomyolysis during the initial first 4
weeks of exercise, re-evaluating serum CK activity is
not helpful for the first month. This is because it is very
common to have subclinical elevations in CK activity
when exercise is re-introduced and a return to normal
levels often requires 4-6 weeks of gradual exercise.!*?
Keeping horses with PSSM fit seems the best prevention
against further episodes of rhabdomyolysis.

Supplements

There are no specific supplements that have been shown
to benefit horses with PSSM. Chromium which is
reported to increase glucose absorption may be contra-
indicated in PSSM horses. Carnitine may replenish
muscle carnitine stores if depleted and assist in transport
of fat into the mitochondria. A deficiency of plasma car-
nitine has not been identified in type 1 PSSM horses.
Plasma free carnitine concentration ranges from 10.24-
27.11uM/1 (normal 13.20-25.63 pM/l) in horses with
type 1 PSSM.

Dietary Management of PSSM

The basis for designing PSSM diets is the belief that low-
ering the daily starch and sugar intake and increasing
dietary fat content will decrease the glucose load, increase
the availability of non-esterified fatty acids for muscle
metabolism, and lower serum insulin concentration.®”-%%103
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The end results of these dietary changes decrease uptake
of glucose into muscles cells, decrease substrate avail-
able for and the stimulation of glycogen synthesis, and
normalize substrate flux. Owners report that this type
of diet improves clinical signs of muscle pain, stiffness
and exercise tolerance in draft horses, warmbloods,
Quarter Horses, and other breeds.**7!748> Quarter Horses
naturally have very little lipid stored within muscle
fibers. Dietary change appears to have lesser impact on
alleviating gait changes such as Shivers.*

The horse’s caloric requirement at an ideal body
weight is the most important consideration in designing
the diet for PSSM. This is because many horses with
PSSM are easy keepers and may be overweight at the
time of diagnosis. Adding excessive calories in the form
of fat to an obese horse may produce metabolic syn-
drome and is contraindicated. If necessary, caloric intake
should be reduced by using a grazing muzzle during
turn out, feeding low NSC hay at 1.0-1.5% of body
weight, and a low calorie ration balancer to meet
vitamin and mineral requirements, and gradually intro-
ducing daily exercise. Rather than providing dietary fat
to an overweight horse, fasting for 6 h prior to exercise
can elevate plasma free fatty acids and alleviate any
restrictions in energy metabolism in muscle.

Selection of forage Quarter Horses have been shown to
significantly increase serum insulin concentrations in
response to consuming 17% NSC hay, whereas insulin
concentrations are fairly stable when fed 4% or 12%
NSC hay (Figure 4.3).”® Because insulin stimulates the
already overactive glycogen synthase enzyme in the
muscle of type 1 PSSM horses, selecting hay with 12%
or less NSC is advisable. The degree to which the NSC
content of hay should be restricted below 12% depends
upon the caloric requirements of the horse. Feeding a
4% NSC hay allows room to add an adequate amount of
fat without exceeding the daily caloric requirement and
promoting excessive weight gain. For example, a 500-kg
horse on a routine of light exercise generally requires 18
McCal/day of DE. If fed at 2% of body weight, a 12%
NSC mixed grass hay almost meets the daily caloric
requirement by providing 17.4 McCal/day. Thus with a
12% NSC hay, there is only room for 0.6 MCal of fat per
day (72ml of vegetable oil) to provide 18 McCal of
energy. In contrast, a 4% NSC Blue Grama hay would
provide 13.5 MCal/day that allows a reasonable addition
of 4.5 MCal of fat per day (538 ml of vegetable oil).
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Figure 4.3 Postprandial glucose and insulin concentrations
(mean + SE) for seven type 1 PSSM-affected horses fed hay
with either a high (17% NSC), medium (11% NSC), or low
(4.4% NSC) NSC content. Glycemic and insulinemic responses
for PSSM horses were significantly higher when fed high NSC
hay than medium or low NSC hay.

Selection of fat sources High fat diets increase plasma free
fatty acid concentrations and thus the availability of fats
for oxidation in skeletal muscle.”” Long chain fat diets
also appear to increase glycogenolytic/glycolytic and
oxidative flux in PSSM type 1 muscle as shown by
higher glucose-6-phosphate, lower lactate, and higher
pyruvate concentrations in muscle of PSSM type 1
horses fed and trained on a commercial high fat diet
(Re-Leve®, Kentucky Equine Research, Versailles KY)
compared to sweet feed.”® Thus, one means to overcome
limitations in delivery of oxidative substrates in PSSM
type 1 horses is to provide ample long chain fat in the
diet. The major sources of dietary fat for horses are
vegetable based, including vegetable oils and rice bran.
Animal based fat includes tallow, lard, and fish oil.
Vegetable oils are highly unsaturated, very digestible
(90-100%), and very energy dense. Suitable oils include
soybean, corn, safflower, canola, flaxseed, linseed,
peanut, and coconut. Controlled research studies in
exercising PSSM horses have shown a decrease in
muscle pain and serum CK activity in response to the
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Figure 4.4 Three isocaloric diets were formulated to provide a
total digestible energy of 24 McCal/day, either in the form of hay
supplemented with grain (HS), corn oil with hay cubes (FAT-
CO: 1.5ml/kg/day), or 2.5kg of a low starch, high fat
concentrate (FAT-RE: ReeLeve®, Kentucky Equine Research,
Versailles, KY). The oil provided 30% of digestible energy (DE)
from fat whereas ReeLeve® provided 15% of DE from fat. Type
1 PSSM horses (n=8) were fed each diet for 3 weeks and
exercised for up to 20min at a walk and trot for 5 days per
week. Note that 15% DE from fat significantly reduced serum
CK activity in PSSM horses that were exercised and that it was
not necessary to provide over 25% of DE from fat to have a
significantly lower serum CK activity compared to the grain diet.

addition of corn oil,’** soybean oil, and rice bran
(ReeLeve®, Kentucky Equine Research, Versailles, KY)
(Figure 4.4).°*¢ The amount of oil added in these trials
constituted at least 13% of daily DE. Some veterinarians
have advocated feeding as much as 25% of DE as fat to
PSSM  horses.®* As discussed before, the principle
consideration should be whether this provides excessive
calories and additional weight gain because feeding
13% DE as fat may well be effective in reducing muscle
pain (Table 4.1).

Limited research has been performed on the specific
form of oil to feed PSSM horses. An odd carbon-7 chain
fat (triheptanoin) fed to PSSM horses had a detrimental
effect on muscle pain, exercise tolerance, and serum CK
activity. Whereas in the same study, long chain fats fed
as corn oil or a rice bran and soy oil supplemented feed
had a beneficial effect on lowering serum CK activity.”®
Whether there is any direct beneficial effect on skeletal
muscle of providing energy in the form of omega-3
versus omega-6 fatty acids has yet to be determined.
Corn oil, sunflower oil, and safflower oil are high in
omega-6 fatty acids and lower in omega-3 fatty acids.

Soybean and canola oils are moderately high in omega-6
and omega-3 fatty acids. Flax seed, linseed, and fish oils
contain more omega-3 than omega-6 fatty acids. It is
usually cost-prohibitive to provide sufficient dietary
energy using omega-3 fatty acids. Soybean and canola
oils provide a relatively affordable caloric alternative
with moderately high omega-6 fatty acid content or a
mixture of oils with flax or fish oil can be provided. Due
to the potential additional oxidant stress of fats, vitamin
E (1000-5000 U/day) should be fed to horses receiving
high oil diets.

Low starch high fat concentrates While oils are energy
dense and inexpensive, they have the disadvantages of
being messy, unpalatable to some horses, prone to
rancidity in warm temperatures, and difficult to feed in
large amounts. As such, a number of concentrates have
been developed that contain fats. An important principle
is that starch and sugar components are low enough and
fat supplementation is high enough to ensure that the
calories supplied by NSC comprise no more than
10-15% of the daily total dietary DE and the calories
supplied by fat comprise about 12-15% of daily DE
(Table 4.1).°97 Common fat sources used in such
concentrates include, in addition to the oils mentioned
before, stabilized rice bran or animal fats. Rice bran and
its products are palatable to most horses, have a
moderate NSC content ~25% by weight, contain ~20%
fat by weight as well as vitamin E, and are naturally
high in phosphorus.®® The NSC component of rice bran
can vary if the manufacturing process is not careful to
exclude the white rice grain. Commercial rice bran
products occur as a powder or an extruded pellet and
are considerably more stable in warm temperatures
compared to animal fat and vegetable oils. A number of
well-balanced low starch high fat commercial diets are
suitable for horses with PSSM.®7 Some commercial
feeds meet the recommended nutritional needs of PSSM
horses all in one pelleted ration. These feeds typically
contain at least 10-15% fat by weight and are less than
20% NSC by weight. Some feed companies offer similar
nutritional content by blending two or more
manufactured feeds or by supplementing with oils or
rice bran. At present, the NSC content of equine feed
products is not consistently listed on the feed tag and
consultation with the feed manufacturer is necessary to
obtain this information. Nutritional support is available
through most feed manufacturers in designing an



66 Nutritional management of equine diseases and special cases

appropriate diet. There is a great deal of variation in
individual tolerance to dietary starch. However, horses
with more severe clinical signs of PSSM appear to
require the greatest restriction in starch intake.

Expectations

The beneficial effect of low starch high fat diets also
requires that horses are trained daily to enhance the
enzymes involved in fat and glucose metabolism. It is
important to note that a horse diagnosed with PSSM
will always have an underlying predilection for muscle
soreness and the best that can be done is to manage
affected horses to minimize clinical signs. With adher-
ence to both dietary and exercise recommendations,
70-75% of Quarter Horses and Warmbloods show
notable improvement in clinical signs and many return
to acceptable levels of performance.*7!7¢% However,
there is a wide range in the severity of clinical signs with
PSSM. Horses with severe or recurrent clinical signs will
require more stringent adherence to diet and exercise
recommendations in order to regain muscle function.
PSSM horses that also have the mutation for MH do not
respond as well to diet and exercise recommendations
and may continue to develop ER with the possibility
of a fatal episode.”

4.2.3 Hyperkalemic Periodic Paralysis

HYPP (or HPP) is not an exertional muscle disorder and
it is not associated with significantly abnormal eleva-
tions in serum CK activity. Rather, HYPP occurs in rest-
ing horses and is characterized by muscle trembling in
association with a rise in serum potassium concentra-
tions. HYPP is an autosomal dominant trait in Quarter
Horses or related breeds that are descended from the
stallion Impressive and is associated with heavy mus-
cling. Almost 60% of halter Quarter Horses have the
genetic mutation, whereas few if any racing Quarter
Horses are affected. HYPP also occurs in Paint Horses,
Appaloosas, and Quarter Horse crossbreds.

4.2.3.1 Pathophysiology

Depolarization of the muscle cell membrane occurs with
rapid opening of the sodium channel, an influx of
sodium, and an efflux of potassium. Repolarization of
the muscle cell membrane requires that the sodium
channel closes and potassium re-enters the muscle cell.
Horses with HYPP have a mutation in the a-subunit of

the skeletal muscle sodium channel which can result in
the channel being stuck in the open position that pro-
duces uncontrolled muscle twitching and trembling and
depolarization block and paralysis in severe cases.!**
Horses with HYPP have similar potassium and sodium
absorption, excretion, and balance compared to horses
without HYPP, making it unlikely that those factors are
responsible for the classic HYPP symptoms.!?>1% Rather,
it appears that in both HYPP or unaffected horses, diets
that contain more than 1.1% potassium (as fed) pro-
duce an increase in serum potassium concentration over
4mmol/l within 4-6h after the meal, likely causing
entry of sodium into the mutant sodium channels and
persistent depolarization of the muscle.!*>1%¢ As muscle
depolarizes, potassium is released into the circulation,
resulting in even higher serum potassium concentration
and further malfunction of the mutant sodium channel.
Potassium excretion by the kidneys and re-uptake of
potassium into cells (via the Na/K ATPase pump) usually
resolves the situation. If plasma potassium concentra-
tions continue to rise, then cardiac arrhythmias and
sudden death may occur.

When most horses are fed diets containing 1.1%
potassium, few postprandial changes in plasma
potassium occur and signs of HYPP are minimized.'®
There is an individual variation in potassium response
to a meal which may explain why some HYPP horses
seem to be more prone to HYPP episodes than others.
Other stressful factors such as fasting, transport, show-
ing, clipping, anesthesia, or veterinary procedures may
induce an HYPP episode in susceptible horses. For many
HYPP-positive horses, however, the attacks come about
without provocation.

4.2.3.2 Clinical Signs

It should be noted that many HYPP-positive horses show
few or no signs of the disease in their lifetime. In other
horses, intermittent episodes occur that are character-
ized by prolapse of the third eyelid, abnormal whinny,
sweating, muscle twitches, and whole body tremors.!?’
Profound weakness, difficulty breathing, collapse, and
temporary paralysis may develop. Sudden death may
occur. Clinical signs are twice as common in the daytime
than at night.!°® Horses that are homozygous for HYPP
have more severe clinical signs. Homozygous foals often
have difficulty nursing, swallowing, and breathing due
to pharyngeal collapse and facial and tongue muscle
hypertonicity.!
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4.2.3.3 Dietary Management

Limiting dietary potassium intake is key to management
and prevention of episodes.!?>!% The objective is to feed
less than 33 g of potassium per meal and feed multiple
small meals or allow horses to eat continuously. This
limits the amount of potassium available for absorption
into the bloodstream at any given time.!° Feeds can be
submitted for nutritional analysis and feed labels
checked for potassium content.

Forages

Potassium is abundant in the normal equine diet,
particularly in forages (Table 4.2). Since fiber is an
important dietary constituent for horses, continuous
rather than meal feeding of fiber sources is a beneficial

strategy to help limit major fluctuations in serum
total
potassium in the diet should not exceed 1.1% or 33 g/

potassium concentration. For HYPP horses,

day for an average sized horse. To achieve this low level
of dietary potassium, forage choices narrow consider-
ably. Hay should be tested to ensure that concentra-
tions are <2%. Legumes, particularly alfalfa and first
cutting of hay, tend to be higher in potassium and
should be used sparingly or not at all in the diets of
HYPP-positive horses. Grass forages generally contain
1-2% potassium and can be paired with a low-
potassium cereal grain and an all-purpose vitamin and
mineral supplement. HYPP horses should be turned
out on grass pastures with low legume content. Beet
pulp is a highly fermentable fiber source that is low in

Table 4.2 Potassium Content of Common Horse Feeds. Potassium content varies in all
feedstuffs and these values are guidelines only. Data from ADM Alliance Nutrition, Inc.
(www.admani.com/horse/Equine %20Library/Horse % 20Potassium %20In % 20Feed.htm).

Potassium (%)

Potassium (g/Ib of feed)

High potassium feeds

Electrolyte supplements ~30
Sugar beet and cane molasses 6
Some kelp supplements >4
Alfalfa hay

Soybean meal 2
Reed canary grass 2.6
Orchard grass

Medium Potassium Feeds

Clover hay

Fescue hay

Rice bran 1.8
Timothy

Brome 1.7
Coastal bermudagrass

Kentucky bluegrass 1.4
Oat hay 1.4
Low Potassium Feeds

Pure fats and oils 0
Beet pulp (without molasses)

Corn 0.3
Oats 0.4
Barley 0.5
Pasture grass (23% DM)

Wheat 0.4
Wheat middlings 1.0
Wheat bran 1.2

Soybean hulls 1.2

1.4-2.4

2.4-2.6

1.6-1.9
1.7-2.1

1.4-2.1

1.2-1.9

0.2-0.3

0.3-0.8

136

27

>18
6.4-10.9
9.1

11.8
10.9-11.8

7.3-8.2
7.7-9.5
8.1
6.4-9.5
7.7
5.5-8.2
6.4
6.4

0.9-1.4
1.4
1.8
23
1.4-3.6
1.8
4.5
55
5.5
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potassium and commonly included as a low potassium
forage alternative in rations for HYPP-affected horses.

Concentrates

Oats are ideal whereas commercially prepared sweet
and pelleted feeds that contain molasses or soybean
meal should be avoided as they are higher in potassium
(Table 4.2).

Supplements

Even though mineral supplements likely contain
potassium, when fed in recommended amounts the
total diet will not contain excessive potassium. In con-
trast, most commercial electrolytes are unsuitable for
HYPP horses as they usually contain high levels of

potassium.
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5 Endocrine system

Iveta Becvarova, DVM, MS, DACVN

5.1 Equine Metabolic Syndrome

5.1.1 Definition of Equine Metabolic
Syndrome

Equine metabolic syndrome (EMS) is not a specific
disease but a group of clinical and laboratory symptoms
that include: (1) obesity (generalized or regional),
(2) hyperinsulinemia and insulin resistance, and
(3) clinical or subclinical laminitis. Horses and ponies
with EMS are predisposed to laminitis. The presence of
an increasing number of these clinical and laboratory
abnormalities can predict likelihood of development of
laminitis with chronic or acute nature.

5.1.1.1 Synonyms
Peripheral Cushing’s syndrome; Prelaminitic metabolic
syndrome.

5.1.2 Epidemiology

Epidemiology of EMS is limited to few published studies
on prevalence of obesity and hyperinsulinemia. In one
recent study, the prevalence of hyperinsulinemia in a
population of 300 healthy horses from central Ohio was
22.3%." Another study of 300 randomly selected horses
from southwest Virginia revealed that 51% of horses
were overweight and obese and 10% were hyperinsu-
linemic.? The concept of EMS was first proposed in 2002
and evolved into the characterization of EMS in a
consensus statement released by the American College
of Veterinary Internal Medicine (ACVIM).?

Metabolic syndrome was first described in humans
and characterized by a group of symptoms (i.e., glucose
intolerance, insulin resistance, dyslipidemia, microalbu-
minuria, and hypertension) that increase the risk of
cardiovascular disease.* Equine metabolic syndrome has
several close similarities with human metabolic syndrome,
including obesity, insulin resistance, and hyperlipidemia
but instead of an increased the risk of cardiovascular

disease, the major outcome in horses is development of
laminitis. Laminitis has been historically associated with
onset of gastrointestinal disorders, retained placenta,
metritis, and severe infections. However, results of
recent studies suggest that insulin resistance, a compo-
nent of EMS, represents the leading endocrine disorder
responsible for equine laminitis.

5.1.3 Species, Age, and Sex Predisposition
Equine metabolic syndrome can affect all classes of
equids, including ponies, horses, miniature horses, and
donkeys. Obesity can develop when animals reach
maturity and consequent laminitis is most often diag-
nosed between 5-15 years of age.’ In one study, the
prevalence of pasture associated laminitis in ponies was
eight-fold lower in mature stallions than females and
was associated with high body condition score and
decreased insulin sensitivity.’

5.1.4 Genetics and Breed Predisposition

Equids belong to a species that evolved in nutritionally
sparse environments and their survival likely depended
on thrifty genes and insulin resistance.® The advantage
of tissue resistance to insulin resides in glucose sparing
and its utilization for energy. It is possible that grazers
like equids thrived on this evolutionary advantage until
establishment of new and modern management prac-
tices. In humans, a dominant mode of inheritance has
been suggested for metabolic syndrome.” Genetic make-
up of horses predisposed to EMS is not known, but
familial patterns have been identified in ponies.”> Most
ponies and horses affected by EMS have a typical
phenotype described as an “easy keeper.” In one study
in ponies, a mode of inheritance of laminitis was consis-
tent with segregation of a major dominant gene or
genes, which were especially evident in females.” In this
study, nearly all ponies with history of laminitis were
immediate descendants of laminitic females and all
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female offspring of one stallion with history of laminitis
developed laminitis. Molecular characterization of
such a major gene could provide a screening tool for
predisposition to laminitis.

Equine metabolic syndrome occurs most frequently
in pony breeds, Morgan Horses, Paso Finos, Arabians,
Saddlebreds, Spanish Mustangs, warmblood breeds,
Quarter horses, and Tennessee Walking horses. Breeds
with rare occurrence of EMS include Thoroughbreds
and Standardbreds.

5.1.5 Risk Factors

There are two major environmental risk factors for
development of EMS: (1) overfeeding calories (energy)
and (2) lack of exercise, both leading to obesity.
The EMS phenotype may either remain latent or be
expressed under certain conditions such as positive
energy balance, increased intake of non-structural
carbohydrates (NSC), or an overweight or obese body
condition.

5.1.6 Geography and Seasonality

Seasonality has been recognized in occurrence of lami-
nitis in populations of equids in the United States and
United Kingdom. The highest incidence of pasture lam-
initis in US is during the late spring and early summer
(May-June) and during the summer months (June,
July) in the UK.>#° This seasonal occurrence of laminitis
closely correlates with pasture NSC content. Fructan,
which represents a major portion of the NSC in certain
types of grasses under specific conditions, has been
implicated in the etiology of pasture associated lami-
nitis. Carbohydrates, including fructans, are synthesized
in forages during periods of high sunshine through
photosynthesis and are used for plant growth and
development. Carbohydrates not utilized for growth are
stored within the plant as fructans and starches. Factors
that limit pasture growth can be responsible for
decreased usage and increased accumulation of storage
carbohydrates within the plant.

5.1.7 Associated Conditions and Disorders

In addition to the three major components of EMS,
such as obesity, insulin resistance, and laminitis, there
are several additional components to consider. These
include hypertriglyceridemia,*>!'®!! altered reproduc-
tive cycling in mares,'*!> hyperleptinemia,!* seasonal

alterations in arterial blood pressure,’* and increased
systemic markers of inflammation associated with
obesity.!®

5.1.8 Clinical Presentation

5.1.8.1 Equine Metabolic Syndrome Forms

and Subtypes

The majority of horses affected by EMS have general-
ized obesity or regional adiposity (increased adiposity
in specific locations), such as “cresty neck” appear-
ance, fat pads close to the tail head, behind the
shoulder, and in the prepuce or mammary gland (see
Figures 5.1 and 5.2). Furthermore, insulin resistance
characterized by hyperinsulinemia and clinical or
subclinical laminitis develop in the absence of grain
overload, colic, colitis, or metritis. Some cases also pre-
sent with hyperlipidemia or dyslipidemia, hyperlepti-
nemia, arterial hypertension, and altered reproductive
cycling.

5.1.8.2 History and Principal Complaint

Horses affected by EMS have a history of obesity, lack of
exercise, and recurrent episodes of mild bilateral lami-
nitis. Horses with EMS are described as easy to keep
their body weight on a low plane of nutrition (easy
keeper or EMS phenotype).

Dietary history is extremely important for the diag-
nosis and for the management of the EMS. Prolonged
excessive caloric intake and consequent obesity can
result from overfeeding grains and concentrates, but
also from overconsumption of pasture or hay. Laminitis
that develops after the animal has been grazing on a
lush pasture is referred to as pasture associated lami-
nitis. Therefore, information should be obtained on the
quantity (by weight) and frequency of all feeds and sup-
plements fed, frequency and duration of grazing, recent
move to a new lush pasture, inspection of the pasture
area, and quality of the forage.

In order to obtain good dietary history, labels with
nutrient profiles from bagged concentrates should be col-
lected for further evaluation. A representative sample of
the forage should be submitted for nutritional analysis.
The hay sample should be taken with a hay corer and the
pasture should be sampled by collecting clippings of fresh
grass. The forage sample should be sent to a laboratory
that specializes in horse feed analyses (e.g., Equi-analytical
Laboratories, Ithaca, NY). When evaluating forages,
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Figure 5.1 A pony with generalized obesity,
body condition score of 9, and the Equine
Metabolic Syndrome phenotype.

Figure 5.2 A pony exhibiting enlargement of
adipose tissue within the neck region (“cresty
neck”). Cresty neck score 4 (crest grossly
enlarged and thickened and can no longer be
cupped in one hand or easily bent from side to
side. The crest may have wrinkles perpendicular
to topline). Source: Carter 2009'°. Reproduced
with permission of Elsevier.

special attention should be paid to selected parameters
from the nutritional analysis, such as digestible energy
(DE; Mcal/kg), water soluble carbohydrates (WSC),
starch content, and NSC content (NSC=WSC+starch).
High values may reveal nutritional factors exacerbating
EMS and these values can be used as a benchmark for
dietary modification. Conversely, low values of neutral
detergent fiber (NDF) and acid detergent fiber (ADF) are

signs of increased energy density, improved digestibility,
and higher daily intake by horses.

5.1.8.3 Physical Examination Findings

Clinical signs associated with EMS include generalized
obesity, regional adiposity, bilateral forelimb lameness,
and divergent growth rings (founder lines) on the
hooves as evidence of previous laminitis. Initial clinical
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signs of laminitis include reluctance to move, bounding
digital pulses, and increased temperature of the hoof
surface. Obese geldings affected by EMS may develop
preputial swelling and edema as a result of adipose
tissue accumulation and reduced lymphatic return.
Adipose expansion into the udder can also be observed
in mares with EMS.!”

5.1.8.4 Etiology and Pathophysiology
Hyperinsulinemia and Insulin Resistance

The driving force of EMS appears to be the development
of persistent hyperinsulinemia. Insulin is an anabolic
hormone that stimulates liver glycogen synthesis and
lipogenesis and inhibits gluconeogenesis and lipolysis.
Insulin receptors are highly expressed in the liver,
muscle, pancreas, adipose tissue, and vascular cells.!®
Hyperinsulinemia is a compensatory mechanism to
overcome decreasing effectiveness of peripheral tissues
to metabolize glucose (i.e., insulin resistance). As a
result of insulin resistance in peripheral tissues,
pancreatic beta-cells secrete more insulin, which can
be measured as an elevated resting plasma or serum
insulin concentration. Hyperinsulinemia can result
from increased pancreatic insulin secretion in response
to reduced insulin sensitivity? but also from reduced
hepatic insulin clearance' (see Figure 5.3).

Excess calories
Decreased exercise
Season
Genetics & breed
predisposition

1 insulin
@ lR .prOdUCtion.

1 gut pH Pressure on hoof lamina

Gut—Ebac;rier alteration gy cremic inflammation
ndotoxemia Adipokines

N\l

Two major hypotheses describing the mechanism of
insulin resistance exist and both are associated with
increased adiposity. The first hypothesis describes insulin
resistance as the result of lipid overload in the liver and
muscle cells leading to defects in insulin signaling. The
second theory emphasizes the role of lipid accumulation
in adipose tissue, which leads to the release of adipokines
and development of chronic local inflammation that mod-
ulates the response of adipose to insulin (lipotoxicity).?°

Insulin is cleared from plasma by the liver and any
alteration in liver function can reduce insulin clearance.
Lipid accumulation in the liver as well as higher plasma
gamma-glutamyl transferase (GGT) and aspartate ami-
notransferase (AST) activities were detected in certain
horses with EMS, which might represent a risk factor
for development of hyperinsulinemia.!”

Insulin sensitivity in equids is not only driven by
adiposity, but seasonal fluctuations may also occur. In
one study, obese mares had higher resting serum insulin
concentrations in December compared to September,
October, and November.!?

5.1.8.5 Obesity

Obesity and overweight body condition are the result of
an imbalance between energy intake and energy expen-
diture and are caused by environmental factors such as

Figure 5.3 Factors suggested in pathogen-
esis of laminitis in equids with equine
N metabolic syndrome.

| insulin
clearance

l
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diet, decreased exercise, season, and genetic factors (see
Figure 5.3). Horses and ponies with EMS phenotype
appear to have high metabolic efficiency, which
increases capability to accumulate adipose tissue.
Studies clearly demonstrate that obesity is associated
with reduced insulin sensitivity in horses and
ponies. 111321 However, not every obese horse is resis-
tant to insulin. Furthermore, obese animals are more
likely to develop pasture associated laminitis if they are
insulin resistant.!*!! The mechanism(s) by which insulin
resistance increases susceptibility to pasture associated
laminitis has not yet been clarified.

Other effects of obesity in equids include increased
pressure on the hoof lamina, production of hormones
(adipokines) by adipocytes, and release of inflammatory
cytokines by macrophages residing in adipose tissue (see
Figure 5.3). Leptin is an adipokine released by adipose
cells and inhibits appetite through receptors on neurons
within the arcuate nucleus of the hypothalamus.
Hyperleptinemia is associated with obesity'!?> and repre-
sents a mechanism by which the body sends signals to
lower the feed intake. Hyperleptinemia has been detected
in insulin resistant horses and ponies!®!! and this might
represent a state of leptin resistance. Conversely, adipo-
nectin is an adipokine with appetite stimulating prop-
erties and blood concentrations are positively correlated
with insulin sensitivity in animals.?*

Growing evidence has pointed to a correlative and
causative  relationship  between  obesity-induced
systemic inflammation and insulin resistance. The pro-
inflammatory cytokine tumor necrosis factor-a (TNF-o)
has been demonstrated to mediate insulin resistance in
many rodent obesity models.?*?* It is hypothesized that
when adiposity reaches a certain threshold, factors
derived from adipocytes induce macrophage activation
and infiltration (chemotaxis). Activated macrophages
secrete cytokines that can impair adipocyte insulin sen-
sitivity and stimulate further activation and infiltration
of peripheral monocytes and macrophages into fat. In
one study, obese horses had increased expression of
TNF-a and interleukin-1p in the blood, which provided
evidence of systemic inflammation associated with
obesity.!* However, no differences in inflammatory
cytokine expression were found when comparing
adipose tissue of insulin resistant horses and their con-
trols.?¢ More research is needed to elucidate relationship
of obesity induced systemic inflammation and insulin
resistance in horses.

The prevalence of obesity is growing in the general
equine population. A recent study of 300 randomly
selected horses from southwest Virginia®> found that
19% of the horses were obese, an additional 32% were
overconditioned, and 10% had elevated blood insulin
levels. A strong positive association between hyperinsu-
linemia and adiposity was determined, as 18% of the
overconditioned or obese horses were hyperinsulinemic
versus only 1.4% of optimally conditioned or under-
conditioned horses.? Of interest was that most of the
horses in the study were kept at pasture and were not
fed grain or other concentrate feeds as part of their diet.
As well, the majority of horses were classified as
receiving little or no exercise.

Pastures offer the most natural and healthy way of
living for equids; they provide feed and space for
exercise. However, unrestricted grazing may lead to
excess body condition in some equids, particularly
when the horses do not undergo any type of forced
exercise. For example, in one study, mature horses on
pasture for 24 h a day consumed 0.41 kg DM/h of fescue
or 0.38kg DM/h of orchardgrass.?’” An average grass pas-
ture has approximately 2 Mcal of DE/kg DM, but the DE
may be as high as 2.7 Mcal/kg DM in some forages.
Therefore, depending on the energy density of the pas-
ture, a 500-kg horse with predicted maintenance energy
requirement of 16.4 Mcal/day that has opportunity to
graze fescue pasture for 24h would consume calories at
the average rate of 0.8-1.1 Mcal/h, which would provide
an excess of calories in the range of 1.2-1.6 times above
maintenance. The rate of pasture consumption will vary
somewhat based on pasture quality and palatability, but
it is dramatically affected by length (of time) of access. In
the same study, when mature horses had time-restricted
access to pasture for only 3 h per day, their consumption
rate increased to 1.5kg DM/h of tall fescue grass. This
indicates that when access to pasture is time restricted,
horses will consume calories at a higher rate of 3.0—
4.1 Mcal/h and could meet their daily maintenance
energy requirement in just 4.0-5.5h of intensive graz-
ing. Energy in the feed (calories) can be either expended
or used for anabolism and storage. This is why an adult
horse with unrestricted pasture access that does not
exercise will be predisposed to excess weight gain and
obesity. In general, whenever a horse has unrestricted
access to quality pasture, light exercise is the minimum
level of physical activity needed to prevent becoming
overweight or obese. Light exercise in a 500-kg horse
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will increase the daily energy requirement to about
20.5 Mcal/day (1.25 times maintenance requirements),
which would expend the surplus of energy from the
unlimited pasture intake.

5.1.8.6 Non-Structural Carbohydrates
Carbohydrates are a major source of energy for horses.
Primary carbohydrate sources in a horse’s diet include
forages, grains, and grain byproducts. Plants consist of
lignin and a number of major plant carbohydrates, such
as cellulose, hemicelluloses, pectin, starch, oligosaccha-
rides, and mono- and disaccharides. Analytically, plant
carbohydrates are fractionated into neutral detergent
fiber (NDF: cellulose, hemicelluloses, lignin); nonfiber
carbohydrates (NFC: calculated value determined by
subtracting the amount of NDE protein, fat, and ash
from total DM); and non-structural carbohydrates
(NSC: chemically analyzed fraction of feed including
mono-, and disaccharides, oligosaccharides [including
fructans] and starch). The amount of NSC is approxi-
mated by summing the amount of starch and amount of
water soluble carbohydrates (WSC) obtained from
chemical analysis. The difference between NFC and NSC
is small in feeds such as cereal grains but can be large in
feeds with high content of pectin (e.g., beet pulp, soy
hulls, soybean meal).?*

A system that classifies carbohydrates based on their
value as an energy source for horses was proposed by
Hoffman et al.?’ This system classifies carbohydrates into
three fractions: (1) hydrolyzable carbohydrates (CHO-H)
measured by direct analysis; (2) rapidly fermented car-
bohydrates (CHO-F,) calculated as the difference bet-
ween NFC and CHO-H; and (3) slowly fermentable
carbohydrates (CHO-F,), equated with NDF values. The
hydrolyzable fraction can be digested in the small
intestine by the horse’s digestive enzymes and includes
hexoses, disaccharides, some oligosaccharides, and non-
resistant starches. Consumption of hydrolysable carbo-
hydrates increases blood glucose and releases insulin to
enhance glucose uptake by many tissues, including
muscle and adipose. Rapidly fermented carbohydrates
such as pectin, gums, mucilages, fructan polysaccha-
rides, fructooligosaccharides, and other oligosaccharides
are not digested in the small intestine, but are readily
fermented in the cecum and large intestine. The slowly
fermentable carbohydrate fraction is also available for
microbial fermentation and includes cellulose, hemicel-
luloses, and lignocellulose. The products of microbial

fermentation are acetate, propionate, butyrate (volatile
fatty acids), and lactate and their proportion and rate of
production is driven by the gut microbial population.
Conversely, diet composition influences microbial
population and the proportion of fatty acids produced in
the gastrointestinal tract. Volatile fatty acids are a direct
source of energy for equids, can be used for fatty acid
synthesis or glucose production by the liver, or provide
energy for enterocytes.?

Clinical studies showed that excessive ingestion of
starch, sugar, or fructans is capable of inducing laminitis
and failure of attachment between the dermoepidermal
junction in the hoof. Garner et al.*° induced laminitis by
administration of 15g starch/kg of a cornstarch-wood
flour gruel, Rowe et al.’! by feeding 3.75-6.8 g starch/kg
twice a day from corn, and French and Pollitt** by 7.5—
12.5g/kg of oral fructan. Fructan inulin from chicory
root fed at 1 g or 3 g/kg resulted in significant decrease in
fecal pH in ponies.> Although induction of laminitis by
feeding grass forage has not been demonstrated in a
randomized controlled clinical trial, the United States
Department of Agriculture National Animal Health
Monitoring System survey revealed that laminitis is
common in equids kept on pasture.**

It is reported that under specific conditions, grass and
hay may have concentrations of NSC (sugar, starch,
fructan), up to 35% of DM.** This amount is concerning
when compared to the NSC of content of beet pulp
(5.2% DM) or grains such as whole oats (48.7% DM) or
corn (73.1% DM).>* Several years of accumulative
nutritional analysis data showed that grass hay aver-
aged 12.9% NSC of DM (range 8.0-17.7% DM) and
grass pasture averaged 13% NSC of DM (range 6.1-
20.1% DM).> Carbohydrates in plants are synthesized
from carbon dioxide and water during the process of
photosynthesis. The rate of photosynthesis is correlated
with light intensity and carbon dioxide concentration,
but is independent of temperature?” and continues even
near to freezing temperatures. Sugars produced during
the day are utilized at night during plant respiration and
to form components of the plant.

Common forage grasses are divided into cool season
or warm season grasses. Examples of cool season grasses
include fescue, brome, orchardgrass, timothy, perennial
rye, and small grain hays (oat, wheat, rye, triticale).
Examples of warm season grasses are bermudagrass,
bahiagrass, bluestem, crabgrass, switch grass, gramma,
and Teff grass. Cool season grasses preferentially use
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fructans as their storage carbohydrate, while warm
season grasses utilize starch. Utilization of fructans as
storage carbohydrate allows better winter hardiness and
plant growth under cool conditions, while starch
accumulation in warm season grasses shuts down under
cold stress. This means that cool season grasses are in
general higher in NSC than warm season grasses and
the concentration is even higher under cool condi-
tions.>> In the cool season grasses, NSC is generally
higher in grass stems than in leaves and concentration
increases toward the ground, thus the stem base is con-
sidered a storage organ. In the warm season grasses,
NSC in the form of starch is stored in the leaf tissue and
seed heads.>

The NSC accumulation in grass is stimulated by envi-
ronmental stress conditions (e.g., cold stress, light inten-
sity, drought stress, low fertility, salty soil, and anaerobic
conditions). In the spring and fall under cold night tem-
peratures, cold season grasses accumulate fructans
instead of utilizing them for respiration and growth.
Production of sugar by the plant is directly correlated
with light intensity and duration. Concentration of NSC
will be lowest in early morning if the night was warm
(>5°C) and sugars were utilized for respiration and
growth overnight.®’ Sunny conditions during the day
will increase NSC concentration when compared to
cloudy days or shaded pasture areas. Drought stress also
induces accumulation of NSC in the grass, since respira-
tion is limited by low water availability to the plant.
Several studies demonstrated that low fertility of the
pasture, defined as nitrogen and phosphorus deficiency,
increases concentration of NSC in grasses and
legumes.>-*° High salts in the soil or irrigation water can
interfere with osmotic gradients and reduce plant water
absorption, leading to conditions similar to drought.
This may result in increased accumulation of NSC.*°
Another plant stress that can increase NSC accumulation
is oxygen deficiency caused by standing water or ice.*!

The concentration of NSC in cured hay depends on
the NSC content of the grass at the time of cutting. The
NSC content can be lower if the hay was cut in the
morning and let dry slowly under cloudy conditions.
This is because the cut forage will continue respiration
and sugar utilization until the moisture content drops
below approximately 40%.>* Since NSC content is influ-
enced by multiple factors, it is impossible to estimate its
concentration by visual characteristics of the forage and
nutritional analysis of the forage is warranted.

5.1.8.7 Laminitis

There are several factors implicated in the etiology of
laminitis in equids. These include excessive ingestion of
rapidly fermentable carbohydrate (starch, fructans),?°->?
endotoxemia,**?! exposure to black walnut shavings,*
excessive concussion, glucocorticoid administration,*
endocrine disturbances,* and obesity and insulin
resistance.’

Insulin is released from the p-cells of the pancreas in
response to an elevation in blood glucose, which is an
expected normal physiological response. However,
increased magnitude, frequency, or duration of hyper-
insulinemia is likely detrimental. Indeed, Asplin et al.*®
were able to induce clinical laminitis and typical histo-
pathologic lesions in all four hooves of healthy ponies
by maintaining supraphysiologic hyperinsulinemia with
euglycemia for 72h. This in-vivo laminitis induction
model was replicated by Nourian et al. in another
study.*® Of interest was that plasma insulin concentra-
tions in both studies markedly exceeded concentrations
in ponies and horses with EMS. The relationship
between elevated insulin and laminitis was further
demonstrated by Bailey et al.*¢!>4>47% who provided
evidence that serum insulin and triglyceride concentra-
tions were significantly greater in pastured ponies
(receiving no concentrate) with a history of laminitis
compared to non-laminitic ponies in the summer. Carter
et al.’® observed laminitic episodes in ponies that were
highly associated with obesity and elevated insulin and
leptin concentrations.

Many theories on the pathogenesis of hyperinsulin-
emic laminitis have been proposed, but the exact contri-
bution of each individual pathogenic mechanism has
yet to be revealed. It has been suggested that hyper-
insulinemia can cause laminitis through induction of
hemodynamic changes within the lamellar vasculature.
Insulin is an important vasomediator and the principal
action of insulin is probably vasodilation through mod-
ulation of nitric oxide (endothelium-derived relaxing
factor) release under physiological conditions. In insulin
resistant horses, vasodilation in response to insulin
action may be impaired that could contribute to vaso-
constriction with platelet and leukocyte adhesion to
endothelial surfaces.*® Vasoconstriction likely contrib-
utes to the hypertension that was reported in ponies
with EMS." Another proposed mechanism for patho-
genesis of hyperinsulinemic laminitis is alteration in
glucose metabolism. Theories exist on development of
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dermo-epidermal separation as a result of a failure of
glucose uptake by lamellar tissue through reduction of
non-insulin dependent glucose transporter type 1
(GLUT-1) transporters or as a result of lamellar failure
due to glucotoxicity in response to dietary glucose load.*!

Based on clinical observations and epidemiological
surveys, the risk of pasture-associated laminitis occurs
at the time of rapid grass growth (spring, early summer,
after heavy rains) or by grazing stressed pastures when
accumulation of NSC in forages occurs.>**%>> However,
very little data is available on the possible association
between insulin resistance and pasture associated lami-
nitis in horses. Evidence shows that diets rich in NSC
decrease insulin sensitivity and impair glucose tolerance
in horses.”* Additionally, insulin-resistance ponies that
graze lush pasture are most likely to develop laminitis.*

It is hypothesized that excessive quantities of rapidly
fermentable carbohydrates enter the cecum and large
colon and initiate intestinal disturbances that can lead to
the development of laminitis.*® Observations with the
oligofructose model of laminitis revealed changes in
hind gut microbes favoring proliferation of bacteria that
ferment oligofructose and produce lactic acid (e.g.,
equine hindgut streptococcal species).>>*® These changes
lead to luminal pH values as low as 4, death and lysis of
bacteria, release of endotoxin and exotoxins, damage to
the hindgut epithelial barrier, and increased intestinal
permeability.”> Furthermore, carbohydrate overload
increases synthesis of vasoactive amines.>” Endotoxin
absorbed from the intestinal tract is associated with
systemic inflammation and clinical signs of endotox-
emia (e.g., fever, tachycardia, tachypnea) and may play
a role in development of laminitis.>? It is likely that
systemic inflammation induces lamellar inflammatory
changes, leading to destruction of lamellar epithelium
and extracellular matrix.’® Furthermore, alterations in
digital vascular hemodynamics, platelet activation, and
vasoactive amines may also take part in lamellar
injury.“'”'”

Although more work is needed to identify the patho-
physiology of hyperinsulinemic laminitis, the practical
implication is to develop methods for early detection of
hyperinsulinemia to identify horses at risk.

5.1.9 Diagnosis
5.1.9.1 Overview
The practical importance of early EMS diagnosis is that
appropriate management and treatment can reverse
progression and prevent morbidity and mortality

associated with EMS. The diagnosis of EMS is based on
findings in the history, including dietary history, results
of physical examination, radiographs of the feet, and
laboratory tests.

5.1.9.2 Differential Diagnoses

The major differential diagnosis for EMS is Pituitary Pars
Intermedia Dysfunction (PPID), also known as equine
Cushing’s disease. Equine Metabolic Syndrome and
PPID are both endocrine diseases that increase risk for
the development of insulin resistance and laminitis.*!
While the clinical outcome of both diseases is similar,
both endocrinopathies have fundamentally different
pathophysiology and epidemiology. While EMS is an
endocrinopathy of young to middle-aged horses and
ponies (5-15 years old), PPID is common in aged animals
with recognition of clinical signs at age 18-20 years old,
with only rare reports in horses younger than 10 years.®%¢!
Equine metabolic syndrome exists independently from
PPID, although EMS can occur concurrently with PPID
in middle-aged horses.¢?

5.1.9.3 Initial Database

Horses and ponies affected by EMS present with gener-
alized or regional obesity with a history of being easy
keepers and recurrent laminitis or they originally pre-
sent with laminitis. Generalized obesity is diagnosed by
assignment of a body condition score (BCS) using visual
assessment and palpation. A number of body condition
scoring systems have been developed for horses. A
system developed by Henneke et al.®> has been widely
used for many years and is appropriate for use by veter-
inarians, horse owners, and caregivers. This system
scores horses on fat cover both visually and by palpation
at several locations on the horse’s body, with a low
score of 1 being applied to an emaciated horse and a
high score of 9 being applied to a very fat horse.
Generally, BCS scores of 1-3 are considered under
conditioned, BCS 4-6 optimal condition, BCS 7 over
conditioned, and BCS 8-9 obese. Body weight can be
determined using a scale or estimated using a weight
tape calibrated for horses. When using weight tapes, it is
important that the same brand of tape is used for each
measurement and that the tape is applied in a consis-
tent manner. For consistent results, the tape should be
positioned immediately behind the elbows and at the
highest point of the withers. Horses and ponies severely
affected by EMS have BSC 8 or 9 and have a markedly
enlarged neck crest.!?
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Regional adiposity, including a cresty neck, fat pads
behind the scapula and around the rib cage, at the tail
head, prepuce, and mammary gland, can be apparent in
obese horses and even in horses with visible ribs.
Regional adiposity is a common manifestation of EMS
phenotype and the body regions with increased adi-
posity are often resistant to weight loss. The degree of
adipose tissue accumulation within the neck region can
be assessed with a cresty neck score, which ranges from
0-5. The cresty neck score was developed by Carter and
colleagues®® and the majority of EMS horses and ponies
exhibit a cresty neck score of 3 and higher.>!” Another
technique to measure adipose tissue accumulation is
measurement of neck circumference at the midpoint of
the neck by a tape measure. This measurement is taken
halfway between the poll and the withers when the
neck is in a normal elevated position.!!

5.1.9.4 Advanced or Confirmatory Testing

In addition to detection of generalized and regional adi-
posity, horses should be screened for hyperinsulinemia
as an indicator of insulin resistance. Insulin resistance
is difficult to diagnose, mainly because of practical
limitations to the use of the gold standard hyperinsu-
linemic euglycemic clamp technique for screening.
Hyperglycemia is an uncommon finding in horses with
EMS since most animals maintain normoglycemia with
a compensatory increase of insulin. However, blood
glucose concentrations can be in the upper reference
range indicating some degree of loss of glycemic control.
Horses with EMS have persistently elevated blood
glucose concentrations that cannot be attributed to
stress, recent feeding, administration of «-2 agonist
sedatives, an inflammatory process, or the rare case of
diabetes mellitus.®> Middle-aged or old horses suspected
to have PPID should also have an ACTH measurement
performed.

There are certain conditions when measuring resting
insulin concentration is not helpful in the diagnosis of
EMS. These conditions include pain and stress as a result
of active laminitis, times when insulin resistance is mild
and insulin concentration is still within reference range,
and pancreatic insufficiency resulting from prolonged
insulin resistance.

Hyperinsulinemia is defined as an insulin concen-
tration above a laboratory’s established reference range.
Reference ranges for serum or plasma insulin concentra-
tions differ between laboratories and different assays,
which should be taken into consideration. Research

studies also differ in determination of cut-off values for
hyperinsulinemia. As an example, the University of
Tennessee endocrine laboratory defines hyperinsu-
linemia as plasma or serum insulin concentration above
20 pU/mL (mU/L), which is approximately equivalent to
140 pmol/L (conversion factor of 7).>¢* Muno defined
hyperinsulinemia as plasma insulin exceeding 15 mU/L.!
Carter et al.'"’ used a cut-off value of 32 pU/mL to predict
the occurrence of laminitis in ponies and Walsh et al.®¢
defined EMS by an insulin concentration of 70 pU/mL.
Published cutoff values (the upper limit of serum/plasma
insulin concentration in normal horses and ponies)
for hyperglycemia are 110mg/dL or approximately
6.0mmol/L (conversion factor of 18). The American
College of Veterinary Internal Medicine EMS consensus
statement suggested an insulin cutoff value of 20 pU/mL
(mU/L), (Coat-A-Count
insulin radioimmunoassay, Siemens Medical Solutions

using radioimmunoassay
Diagnostics, Los Angeles, CA).> When other types of
assays are used by the laboratory, respective reference
ranges for that specific laboratory should be used.

The sampling conditions to determine serum or
plasma baseline insulin concentration also play a role in
diagnosis, therefore, preparation of the horse prior to
sampling is necessary. After collection, the blood tubes
should be kept on ice and centrifuged, ideally within
30min of collection at 1,500-3,000 times gravity. Plasma
or serum should be separated before shipment and anal-
ysis. Conditions that increase blood insulin concentration
include feeding (forages or concentrates), pain, or stress.
Pain or stress lower tissue insulin sensitivity and increase
blood glucose through the release of cortisol and epi-
nephrine. Therefore, sampling should be delayed in all
patients suffering from stress, including the horses with
laminitis, until the stress has resolved. All types of feeds,
including grains with a high concentration of hydro-
lysable carbohydrates increase blood insulin.®” Evidence
exists that insulin-resistant ponies exhibit insulin
response to dietary fructans, indicating that there could
be some degree of hydrolysis of fructans before they
reach the large intestine.*”®” Therefore, it is recom-
mended to withhold access to pasture, concentrates,
and grain for a minimum of 6 h before blood collection.
Since not feeding the horse can itself induce a stress
response, a small amount of hay (1 flake or approxi-
mately 1-1.5kg of a low-NSC hay per 500kg) can be fed
no later than 10:00pm the night before sampling®> and
the blood samples should be collected between 8:00-
10:00am the next morning. Horses and ponies that
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exhibit EMS phenotype but have insulin concentration
within reference range under these conditions require a
dynamic test to evaluate insulin sensitivity.

There are a number of tests described in the literature,
however, the ideal test for diagnosis of insulin resistance
has yet to be established. These tests are also performed
after at least a 6-h fast and when the horse is free of pain
or stress. Dynamic tests are described elsewhere and
include oral or IV glucose tolerance tests and the
combined glucose-insulin test.!” The oral sugar test is
the most practical on-farm dynamic test of insulin
sensitivity currently available. Inappropriately increased
insulin concentration after an oral dose of corn syrup
supports insulin dysregulation.

The glucose to insulin ratio (glucose concentration in
mg/dL divided by the insulin concentration in pU/mL) is
not recommended for diagnosis of insulin resistance
because blood glucose concentration is influenced by
the stress response and by the utilization of glucose by
erythrocytes if the sample is not processed correctly.
Furthermore, individual laboratories use different
assays to measure insulin.

Other laboratory tests to consider are measurement of
leptin and serum triglyceride concentrations. Elevated
leptin concentrations have been measured in horses and
ponies with insulin resistance, as well as in obese horses.
Leptin assay is currently not available from diagnostic
laboratories but might be available in the future (Multi-
species leptin radioimmunoassay, Millipore Inc., St
Charles, MO). In one study, ' a fasting leptin concentration
cutoff value of 7.3ng/mL predicted occurrence of lami-
nitis in ponies. A leptin concentration of <5ng/mL was
considered normoleptinemic and a concentration >12ng/
mL was considered hyperleptinemic in another study.®®
Plasma triglycerides are available from most clinical
pathology laboratories and triglycerides may be elevated
in both ponies and horses with EMS.>1011

Some horses with EMS have low serum T4
concentration and a weak negative correlation between
insulin and T4 has been detected in horses with EMS.®®
However, this finding should be interpreted as a
consequence rather than a causative factor of EMS.%

5.1.10 Treatment

5.1.10.1 Overview

Equine metabolic syndrome should be managed by
dietary, housing, and exercise modifications. Obese
and overweight horses should be placed on a weight

reduction program by restricting energy intake and the
diet should be modified to eliminate nutrients that are
implicated in the development of obesity and aggrava-
tion of blood glucose control. Decisions about housing
conditions and exercise are driven by the severity of
laminitis at the time of presentation and by the farm
setting. The goal of treatment is to achieve and maintain
long-term optimal BCS, normoinsulinemia, and
improve laminitis. Medical treatments are sometimes
necessary for patients that are resistant to dietary,
housing, and exercise modifications.

5.1.10.2 Nutritional and Dietary Therapeutics

The key aspects of nutritional management of patients
with EMS include reversal of obesity, reduction of NSC
intake, and feeding a balanced ration to provide nutri-
ents for tissue and hoof healing. The goal of any weight
loss program is not only to achieve optimal BCS but
also to introduce a behavioral shift that will sustain
maintenance of a life-long optimal body condition.

The weight loss program should be practical and
simple to achieve success within the first month, as this
will encourage the owner to continue with weight
reduction efforts. Following nutritional assessment and
screening for hyperinsulinemia, further steps involve
setting goals for weight loss, reducing caloric (DE)
intake, increasing exercise when possible, and regular
monitoring of progress. The presence of hyperinsu-
linemia does not change the protocol, but emphasizes
the consequences of obesity and risk of laminitis to the
owner. Most horses respond to weight loss by decreasing
and normalizing insulin concentration.

Setting goals for weight loss consists of determining
optimal BCS and body weight. In mature light-breed
horses, each change in BCS represents approximately
18-27kg (40-591b) in body weight. Predicted optimal
body weight (POBW) is determined by the following
formula:

POBW (kg)=SBW (kg) — [(SBCS — DBCS) x22.5kg]
SBW =the horse’s starting body weight

SBCS=the horse’s starting BCS

DBCS=desired BCS

For example, an obese horse with a starting BCS of 9,
a starting body weight of 550kg, and a desired BCS of 5,
would have a predicted optimal body weight of 460kg:

550-[(9-5)x22.5]=460kg
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Horses and ponies that are managed in a stall or dry
lot without the access to pasture should be fed a pre-
cisely measured amount of hay with an appropriate
vitamin-mineral supplement or balancer pellet. Balancer
pellets supplement vitamins and minerals to meet
requirements when equids graze inadequate pastures or
are fed a restricted intake. All grains and concentrates
that contain starches should be completely eliminated
from the diet. It is generally recommended to feed an
amount of hay equivalent to 1.5% of the predicted
optimal body weight per day (i.e., 6.9kg for a 460kg
horse)'”* or DE equivalent to approximately 70% of
the maintenance energy requirement calculated for the
obese or overweight body condition (e.g., 20kcal DE/kg
for an obese or overweight 250kg pony).”° However,
the amount of hay needs to be evaluated in the face of
the current hay and DE intake obtained from the dietary
history as some horses are already consuming this
amount or less without measurable weight loss. If the
initial reduced allocation of hay does not result in
weight loss within 4 weeks, then the amount should be
further lowered by another 10-20% and body weight
rechecked in 4 weeks. However, it is not recommended
to lower the amount of hay below 1% of estimated ideal
body weight per day,”? because starving obese horses for
weight loss can increase risk of hyperlipidemia, hepatic
lipidosis, and reduction of metabolism.?’7> Based on
published studies, the safe and appropriate mean weight
loss rate in obese horses should be approximately 1% of
the starting obese body weight per week throughout the
entire weight loss period.?”® This corresponds to a
weight loss of 4.6 kg per week and 18.4 kg per month for
a light-breed horse, which translates into loss of 1 BCS
per month. Weight loss studies in pony breeds show
that in order to achieve 1% body weight loss per week,
more aggressive energy restriction of 50-70% mainte-
nance energy requirement has to be applied.?'7°
However, feeding 50% of maintenance calories equates
to feeding hay at less than 1% of body weight per day,
which is not optimal. Therefore, achieving weight loss
rate of 0.5-1.0% body weight per week in ponies is
acceptable.

Selecting the appropriate hay for weight reduction is
important to ensure successful weight loss and mini-
mize insulin response without the need to lower the
amount of hay fed below 1% body weight per day. Hays
differ in energy density, fiber content, and NSC content.
The NSC content cannot be visually assessed and is

unpredictable; therefore, a forage nutritional analysis
should be obtained for any hay that is intended to be fed
to an equid with EMS. A general recommendation is to
find hay with low energy density (DE/kg), moderately
increased fiber content (measured as NDF and ADF),
and restricted NSC content. As the fiber content in the
hay increases, the DE decreases and feed intake
decreases. Such hay will allow energy intake restriction
without severely limiting amount of the hay fed. The
importance of NSC content of the hay increases with
severity of hyperinsulinemia at the time of presentation.
It is recommended to feed a hay with less than 10%
NSC on a DM basis to equids with marked fasting hyper-
insulinemia (>100 pU/mL) to avoid spikes in glucose
and insulin concentrations.>!” However, hays with low
NSC concentration can be beneficial to any horse on a
weight loss plan since NSC contribute to energy density
of the forage.

The NSC content of hay can be reduced by soaking in
water prior to feeding; however, this method is not
always reliable to achieve <10% NSC DM in hays with
very high NSC content. In one study, soaking hay in
cold water for 20min, 40 min, or 3 h resulted in a mean
loss of 5, 9, and 16% of total WSC content. After being
soaked for 16 h, the mean loss of WSC was 27% (with a
broad range of 6-54%).”

The total daily ration should be complete and bal-
anced to support metabolism during weight loss and to
promote healing of hoof structures. Rations based on
forage alone are not complete and balanced, therefore
an appropriate vitamin and mineral supplement or bal-
ancer pellet should always be recommended. Hays also
differ in crude protein content. Protein is needed for
maintenance of muscle mass during weight loss and
tissue healing. Commercial vitamin and mineral supple-
ments with added protein (up to 30% crude protein on
an as-fed basis) can complement nutrient deficits in
forage. Supplements that contain purely vitamins and
minerals do not add calories to the ration. However,
supplements that are fortified with a protein source or
flavored with molasses contain calories that must be
subtracted from the total daily caloric allocation. Besides
hay, commercial feeds fortified with vitamins and
minerals and restricted in NSC have been formulated
for management of EMS and for weight loss. Those
feeds may be fed as a part of a weight reduction program
or for EMS horses. Plain (white) salt and free choice
water should be available at all times.
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Owners should be counseled on the importance of
weighing hay or feed with a scale at each feeding (see
Figure 5.4) to ensure that the precisely allocated amount
of hay and energy is fed. Scales to weigh fish are inex-
pensive and work well to weigh feed. At least two meals
per day should be fed to minimize periods of hunger
between feedings and to reduce boredom.

Feed and the accompanying calorie intake can mark-
edly exceed the daily maintenance requirement when
horses are turned out onto pasture. Grazing muzzles are
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Figure 5.4 The amount of hay should be measured at each
feeding using a scale for the most precise allotment and for
successful weight loss.

a safe and effective means of reducing caloric intake in
overweight or obese pastured horses. The grazing
muzzle should be worn whenever the horse is on pas-
ture. All grains and concentrates containing starches
should be eliminated from the diet. Since fresh forage-
based rations are not complete or balanced, it is
necessary to feed a measured amount of a vitamin-min-
eral supplement or balancer pellet. White salt and free
choice water should be available at all times.

There are other options for limiting forage intake that
combine pasture turn out with confinement. However,
under these conditions control over caloric intake is less
reliable. Strategies include short periods of pasture turn
out (<1 h twice a day), confinement in a small paddock
or round pen, or in an area limited with an electrical
fence or pen. Depending on the amount of forage bio-
mass in the confinement area, a measured amount of
supplemental hay may be needed.

After the desired BCS is achieved and insulin resistance
has resolved, an appropriate weight maintenance program
should be established. In many instances, horses will pla-
teau and maintain the targeted body condition while
wearing a grazing muzzle whenever on pasture. In other
instances, horses will continue to lose condition and will
require short periods (usually 1-2h/day) of grazing
without a muzzle to maintain appropriate body condition.!”
Care should be taken to limit grazing time to the early
morning when the grass is undergoing rapid growth in the
spring, late summer, or at the onset of cold weather in the
fall, or on drought-stressed or frost affected pastures. If
possible, grazing should be limited to time of the day when
NSC content is lowest (between 3:00-9:00am).* If a horse
splits time between pasture and confinement, a calculated
amount of hay can be fed during the time of confinement.
Typically, a horse at maintenance (neither gaining nor
losing weight) requires 2% of its optimal body weight in
average quality hay daily to maintain an appropriate body
condition. The amount of hay fed during a period of
confinement can be prorated based on the amount of time
that the horse is confined. For example, if a horse is on
pasture for 12h with a grazing muzzle and in a stall for
12h, it should be fed half of its calculated daily requirement
of hay during its confinement period.

5.1.10.3 Medical Management

Most horses with EMS will favorably respond to dietary
control, increased physical activity, and restricted
pasture access. However, there are two instances when
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pharmacologic treatment is indicated: (1) short-term
levothyroxine treatment while the patient is under-
going weight loss program and (2) cases refractory to
dietary management and increased exercise. In these
instances, levothyroxine sodium can be administered to
accelerate weight loss and improve insulin sensitivity.
Levothyroxine sodium is administered by mouth or
with a small amount of feed at a dosage of 0.1 mg/kg,
PO, q24h (48 mg/day for a mature light breed horse
[450-525kg]).}”7*7> Levothyroxine can be administered
for 3—6 months to accelerate weight loss in obese horses
while other treatment modalities are also instituted.!”
Long term administration of 48 mg levothytoxine/day
to healthy mares for 48 weeks did not have any adverse
effects and treated mares significantly lost weight from
baseline.” Levothyroxine raises circulating thyroxine
concentrations and increases basal metabolic rate.
Horses are weaned off levothyroxine sodium once an
ideal body condition has been attained by reducing the
dosage to 24mg PO, q24h, for 2 weeks and then to
12mg PO, q24h, for another 2 weeks.”

There are only few studies reported on use of met-
formin hydrochloride, a drug that is administered to
control hyperglycemia through suppression of hepatic
glucose production and increased tissue insulin sensi-
tivity in humans with diabetes mellitus'*27¢7” Metformin
administration (30mg/kg, PO) significantly decreased
glucose absorption and its corresponding insulin response
in horses fed a glucose-containing meal.”® Currently,
metformin is recommended for the management of
insulin resistance in horses, but further research is
needed to derive the effective dose for horses. Another
human insulin-sensitizing drug is pioglitazone and more
research is needed before this drug can be recommended
for horses.”

5.1.10.4 Behavioral/Physical Activity
Recommendations

Physical activity increases energy expenditure, promotes
weight loss, maintains lean muscle mass, and thus
increases basal metabolic rate. Therefore, obese horses
and ponies that do not suffer from laminitis should be
encouraged to exercise throughout the weight loss
program and for maintenance of their desired weight.
The recommended exercise should be as frequent as 4-7
days a week for a minimum of 30 min at a trot or canter
under saddle or on a longe line.!” The 30-min minimum
exercise time excludes the warm up and cool down.

5.1.11 Possible Complications of Treatment
or of the Disease Process

Horses and ponies that are refractory to nutritional and
medical management or develop recurrent pasture-
associated laminitis must be kept off pasture forever.
Horses that remain insulin resistant after achieving
optimal BCS and those that present in ideal BCS are
challenging and may require medical therapy.

Multiple supplements and nutraceuticals are marketed
for management of EMS in equids, including chromium,
magnesium, cinnamon, and chasteberry (Vitex agnus-
castus); however, scientific evidence to convincingly
support recommendation of these products is lacking.

5.1.12 Recommended Monitoring

Regardless of the weight reduction plan used for each
individual patient, it is important to frequently monitor
body weight to ensure weight loss success within the
first month of the program. Periodic assessment of BCS
and body weight is critical to ensure that the feeding
program remains appropriate. Owners should assess
body condition and body weight regularly (at least
every 2—4 weeks) so that progress can be monitored and
the program is amended as needed. With the described
protocol, most horses will achieve the desired BCS in
3-4 months. Follow-up insulin evaluations should be
performed if initial values were abnormal and results
should follow weight loss trends.

5.1.13 Prognosis and Outcome

Equine metabolic syndrome is usually a manageable
condition and the risk of laminitis can be lowered by
maintenance of ideal BCS with dietary changes and reg-
ular exercise. Prognosis depends on the ability to suc-
cessfully identify insulin resistant horses prior to the
development of debilitating laminitis, reduce obesity,
and treat clinical or subclinical laminitis. Prognosis is
favorable for obese horses with insulin resistance
without severe laminitis once successful weight loss and
normoinsulinemia are achieved. Subclinical laminitis is
manageable with therapeutic farriery, dietary change,
and medical management. Horses with severe acute
laminitis have a poor prognosis.

5.1.14 Prevention

Feeding to prevent obesity decreases the risk of hyperin-
sulinemia and laminitis (see Figure 5.5). Equids with
the EMS phenotype and EMS diagnosis prior to the
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Figure 5.5 Prevention of obesity or overweight body condition
normalizes insulin sensitivity and represents the most effective
protection from EMS associated laminitis.

development of clinical laminitis should be kept at
optimal BCS and their weight should be closely moni-
tored. The ration should restrict NSC content, grazing
should be limited or a grazing muzzle worn during
pasture turnout, and the level of physical activity should
be increased. Special attention should be paid to hoof
care and monitoring of any hoof lesions with hoof
examinations and radiographs as needed.

If EMS is diagnosed after development of painful
laminitis, then laminitis treatment should be based on the
clinical evaluation. Additionally, weight management,
dietary changes, reduction of NSC content of the ration,
and avoidance of grazing should be instituted. Since
increased activity is not possible, medical management
with levothyroxin should be strongly considered.

5.2 Feeding Horses with Pituitary Pars
Intermedia Dysfunction

Feeding horses with PPID can sometimes be difficult
because horses affected with PPID are often older, under-
weight, and may have insulin resistance with or without
recurrent laminitis. To make the best nutritional recom-
mendations for horses with PPID, veterinarians must
first consider these questions: (1) Does the horse need to
gain or lose weight? (2) Is insulin resistance present?
Regardless of the answers to these questions, horses
with PPID should be fed a primarily forage diet that will
maintain (or regain) ideal body condition and to avoid
obesity, which will worsen insulin resistance.

Not all horses affected with PPID also have insulin
resistance.® Concentrates should be fed only as needed
to maintain desired body condition, preferably BCS

4-6/9. Feeding small (<0.5% of body weight) frequent
concentrate meals produces less deviation in insulin and
glucose concentrations and is less likely to complicate
insulin resistance. Textured or sweet feed containing
greater than 3% molasses and 15-20% NSC should be
avoided if there is evidence of insulin resistance. Pellets
or extruded feeds that are higher in fiber (>10%) and fat
(>5%) can be fed instead of sweet feed to provide addi-
tional dietary energy. Whenever possible, horses with
PPID should be allowed turn out time, as exercise
improves insulin sensitivity.®! Forced exercise or work
should be reserved for horses that do not have active
laminitis and are free of musculoskeletal disorders.

Owners should be advised to be aware during times of
the year when pasture grasses can be high in NSC
because PPID can worsen insulin insensitivity in sus-
ceptible horses and result in laminitis.®**! Adreno-
corticotrophic hormone concentrations have been
shown to have seasonal variation and be highest in
September.®? Blood insulin concentration is positively
associated with increased carbohydrates in pasture
grass.®> Frank et al.® measured ACTH concentrations
over a l-year period in mature to aged horses kept at
pasture. Mean ACTH concentration was highest from
August through October. Horses affected with PPID had
higher ACTH concentrations than unaffected horses.
Glucose and insulin concentrations peaked in
September, which combined with the seasonal peak in
ACTH concentration, may contribute to an increased
risk of pasture-associated laminitis risk in the fall.

Vitamin C (ascorbic acid; 0.011-0.022 g/kg, PO, q12h)
may be supplemented to improve immune function in
PPID horses with recurring or chronic infections.
However, long term high-dose ascorbic acid supplemen-
tation may impair endogenous synthesis of ascorbic
acid and can result in deficiency if it is suddenly
discontinued.?®!

5.2.1 Horses with Pituitary Pars Intermedia

Dysfunction and Adequate Body Condition

Many horses affected with PPID are healthy and
relatively asymptomatic other than hypertrichosis and
mild to moderate polyuria and polydipsia. Horses with
PPID and good BCS score without evidence of insulin
resistance can be fed as a normal horse to maintain body
condition and prevent obesity.®° Senior-type feeds,
sweet feed, or oats with hay can be fed if additional
dietary energy is needed.
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5.2.2 Obese Horses with Pituitary Pars
Intermedia Dysfunction

Obese horses with PPID should be fed the same as
previously described in this chapter for horses with EMS
to encourage weight loss, improve insulin sensitivity,
and reduce the risk of laminitis. A forage or fiber (beet
pulp) based diet is ideal for obese horses with PPID to
provide gut fill and supply energy in the form of volatile
fatty acids, rather than carbohydrates.

5.2.3 Horses with Pituitary Pars

Intermedia Dysfunction and Thin Body
Condition or Horses with PPID that

are in Work

Pituitary pars intermedia dysfunction is a disease of
older horses and many are underweight as a consequence
of senescence or dental problems. Nutritional recom-
mendations for horses with PPID that need to gain
weight are more difficult because the need for more
calories must be balanced against the adverse effects
of worsening insulin resistance.

Increased energy requirements can be provided by
feeding more hay, a low starch and sugar (low NSC)
pellet, and rice bran pellets or 1/2-1 cup (120-240ml)
of vegetable oil twice daily. Pasture intake should be
controlled to avoid sudden increases in carbohydrate
intake.® Feeds that are high in fat (>7%) can also be fed
to supplement calories.®' High fat diets have the poten-
tial to worsen or create insulin resistance. Pagan et al.**
reported that a high fat (30% of DE supplied as fat) diet
significantly impaired glucose tolerance in aged
nonobese Thoroughbred geldings compared to a more
traditional diet. Moderate carbohydrate intake (31% of
DE supplied as NSC) improved glucose clearance during
intravenous glucose tolerance tests compared to both a
high fat and an all grass hay diet. Because a high fat diet
may worsen glucose tolerance and moderate carbohy-
drate intake improves insulin response, it is advisable to
use a combination of fats and carbohydrates along with
additional forage to promote weight gain in thin horses
with PPID.

5.3 Pearls and Considerations

° Obesity or overweight body condition in horses
increases the risk for developing insulin resistance
and laminitis.

* Resolution of obesity or overweight body condition
normalizes insulin sensitivity and prevents EMS
associated laminitis in almost all cases.

Efficient weight loss in pasture-based horses can be
achieved using grazing muzzles and/or by increasing
exercise.

* Weight loss in horses confined to a stall or dry lot
can be achieved by feeding a measured amount of
hay with low NSC content.

e Forage-based rations should be balanced with
essential vitamins and minerals (balancer pellets).

¢ A horse’s dietary weight loss plan can be facilitated

with oral administration of levothyroxine sodium.

5.3.1 Client Education

¢ Clients should understand that obesity and insulin
resistance warrants intervention because it is asso-
ciated with an increased risk for debilitating
laminitis.

¢ Clients should be trained to use BCS and weight tapes
for a proper monitoring and recognition of early signs
of weight gain.

» Treating obesity is relatively simple and generally
involves reducing caloric intake by feeding a mea-
sured amount of appropriate forage and/or using
grazing muzzles and/or increasing caloric expenditure
through exercise.

¢ Laminitic horses need optimum intake of protein,
energy, minerals, and vitamins to maximize hoof
growth, but a high concentration of NSC in the diet
should be avoided.

e To prevent recurrence of obesity after weight loss,
clients should be educated on how to monitor body
condition and to adjust feeding and management
programs to maintain proper body condition.

e Some horses with EMS can never be returned to
pasture because they cannot tolerate seasonal changes
in grass nutrient content. A horse that develops
hyperinsulinemia again when reintroduced to pasture
must be permanently housed in a dry lot and fed
measured amount of appropriate forage.

* Medical treatment with drugs should be limited to
more severely affected animals and should always
be used concurrently with dietary modification.

e Feed, including hay, should be fed on a weight, rather
than volume basis. Feeds can be weighed using an
inexpensive fish scale that can be purchased in the
sporting goods department.
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5.

3.2 Veterinary Technician Tips

Diagnosis of obesity is simple. Several BCS charts
have been published for horses. When description of
each BCS point and illustrations are consistently and
repeatedly followed, assignment of the BCS can be
very accurate.

The management program for horses with EMS is
practical and simple and involves obtaining health,
diet, and exercise history; performing a complete
the
starting body condition and weight; screening for

physical examination; determining horse’s

hyperinsulinemia; setting goals for weight loss;
collecting a representative sample of forage; selecting
an appropriate forage based on results of chemical
analysis; using a grazing muzzle to reduce pasture
intake; increasing exercise when possible; and regularly
monitoring progress.

Rations consisting of 100% forage are not complete
and balanced and an appropriate vitamin-mineral
supplement or low-NSC balancer pellets should be
recommended. Balancer pellets can also be used as a
vehicle for medications and to placate clients who feel
guilty about not feeding the horse something in its
feed bucket.

The presence of hyperinsulinemia does not change
the protocol but emphasizes, for the client, the conse-
quences of excessive weight and obesity including the
risk of laminitis.
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Bryan M. Waldridge, DVM, MS, DABVP, DACVIM

Stabled horses are constantly exposed to large amounts
of airborne irritants. This is especially true when horses
are kept in stalls, fed hay, and bedded on straw.
Environmental management is critical to reduce aero-
allergen exposure for reactive airway diseases such
as heaves and inflammatory airway disease. Horses
with infectious respiratory tract infections also likely
benefit from reduced inhaled dust levels because they
have damaged respiratory epithelium and impaired
mucociliary clearance.

6.1 Effects of Inhaled Dust
and Potential Aeroallergens
on Equine Respiratory Disease

Equine respiratory tract infections may be exacerbated
and prolonged by concomitant airborne dust exposure.'-?
Horses with infectious respiratory tract infections that
are kept in dusty environments have prolonged recovery
due to increased coughing, hypersecretion of mucus,
and brochoconstriction. Some authors speculate that
respiratory tract infection coupled with stabling in a
dusty environment may cause horses to become sensi-
tized to inhaled environmental aeroallergens and
contribute to the development of heaves later in life.
It is important to minimize dust exposure for horses
recovering from respiratory tract infections.

Heaves (recurrent airway obstruction) is a reactive
airway disease of horses characterized by bronchocon-
striction, excessive mucus production, and pathologic
changes of the bronchioles.®> Affected horses are hyper-
sensitive to inhaled environmental dust. Hay has been
shown to be an important source of many of the
inhaled allergens that induce clinical signs of heaves.
Environmental changes to reduce inhaled dust exposure
are essential for the successful treatment of heaves,
regardless of pharmacologic therapy.

6.2 Respirable Dust Deposition
in the Airways

Particles in inhaled air will be deposited onto the
respiratory epithelium depending on their diameter,
shape, and hydrophobic or hydrophilic properties.!
Elongated particles can penetrate deeper into the
lungs than spherical particles. Most large particles
(25pm in diameter) settle in the nasal turbinates,
pharynx, or bifurcation of large airways by inertial
impaction when airflow changes in direction or
velocity. For size comparison, an equine erythrocyte is
approximately 5pm in diameter. Small particles (0.5—
5.0 pm in diameter) can settle in the lungs as deep as
the respiratory bronchioles. Small particles deposit by
gravitational sedimentation which is proportional to
the particle’s density and square of its diameter.
Particles < 0.5 pm in diameter are usually exhaled back
out of the respiratory tract. Very small particles
(<0.1pm in diameter) can be cleared by diffusion in
the small airways and alveoli.

Respiratory rate and depth, tidal volume, and lung
volume all impact the deposition of particles in the lung.
Deep breaths increase the proportion of particles that
are deposited farther into the lungs. Important clearance
mechanisms of inhaled particles include coughing, the
mucociliary escalator, and phagocytosis by pulmonary
macrophages. Alveolar clearance is much slower than
tracheobronchial clearance.

The respirable dust concentration (RDC) is defined as
the small particles (<5pm in diameter) that are able to
enter the peripheral, small diameter airways and poten-
tially cause pulmonary inflammation.*> The RDC is con-
sidered a good indicator of the health hazard created by
inhalation of an airborne dust.*¢ The breathing zone is
defined as the region surrounding the horse’s nostrils
(Figure 6.1).° Dust exposure in the horse’s breathing
zone more accurately reflects its respiratory challenge
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because horses spend much of their time with their

muzzles in close contact with hay and bedding.! Hay
and bedding are the primary sources of airborne dust for
horses.'? The highest exposure of airborne irritants
comes from mold contaminated forages and bedding
sources.

Even in well-ventilated stables, airborne dust con-
centrations (ADC) in the horse’s breathing zone are
still high when the horse eats and nuzzles its forage.?
Stable ventilation alone does not remove particles
from the horse’s breathing zone.' The amount of respi-
rable dust in the horse’s breathing zone can be much
higher than the overall stall or stable environment.'®
The only effective way to reduce inhaled particles in
the horse’s breathing zone is to feed a less dusty for-
age.®” Several studies have found that total ADC is
highest during the day when stall cleaning and barn
activity are greatest.!>®

Researchers have developed several methods to mea-
sure airborne particles in the horse’s breathing zone and
in the stable or stall environment. Many air samplers
draw a continuous stream of air through a filter over a
given period of time. The filter is then weighed to deter-
mine dust concentration. Other air samplers can
measure changes in real time ADC data using a laser
photometer or piezoelectric balances. The specific
microbiologic population of respirable dust that is
collected can be identified by microscopic examination,
culture, or use of polymerase chain reaction methods.

Figure 6.1 A horse eating from a haynet with its
nostrils buried into the hay. This illustrates the
close contact that a horse has with its forage and
how respirable dust from forage enters the
breathing zone.

Good quality hay that passes visual inspection still
contains large numbers of particles that can reach the
terminal airways and irritate the respiratory tract."#%1°
Hay is the primary source of inhaled respiratory irritants
in the horse’s environment, especially if it was baled
under less favorable conditions.!" Clements and Pirie*
reported that feed had a greater influence on mean
and maximum RDC in the horse’s breathing zone than
stall bedding. Inhaled particles in hay that can act as
respiratory irritants include mold spores, bacteria,
endotoxin, and plant and insect fragments.!®!!

If hay is baled with a high moisture content, then it
produces heat and promotes growth of thermotolerant
fungi (Aspergillus fumigatus) and bacteria, such as the
actinomycetes  (Saccharopolyspora  rectivurgula — and
Thermoactinomyces vulgaris).'® Ideally, hay is baled at
15-20% moisture content because it will heat very little
and contain small amounts of dust and mold spores.®
Hay baled at 20-30% moisture can heat to 35-45°C
(95-113 °F), favoring the growth of fungi and actinomy-
cetes. The heaviest growth of thermotolerant fungi and
actinomycetes occurs when hay is baled at 35-50%
moisture. High moisture hay can contain large amounts
of fungal and actinomycete spores. These spores range
from 1-5pm in diameter and can be inhaled into the
lower airways and cause inflammation. Dust mites feed
on fungal spores. Consequently, if hay is moldy, then it
may also contain large numbers of dust mites and their
feces which are another respiratory irritant.



Respiratory system 93

6.3 Effects of Soaking Hay

Soaking hay in water has been the traditional method
to reduce RDC. However, soaking hay is difficult and
not always a practical management recommendation
for horse owners. The nutritional impact of soaking hay
can be significant, especially if the hay is of marginal
quality, and is often overlooked. Recommended soak-
ing times to reduce respirable dust range from simply
dunking the hay in water and feeding immediately
afterwards to soaking overnight for hours. Researchers
have also investigated whether flakes of hay can be
soaked in a haynet or as the entire bale with the baling
twine cut. The ideal soak time will maximize the benefit
of reduced aeroallergen challenge with minimal loss of
nutritional value. The results of several studies investi-
gating the effects of soaking hay on its respirable dust
content and/or nutritional value are summarized in
Table 6.1.

Clements and Pirie’ found that only immersing 5 kg of
hay in a haynet in a bucket of water and feeding imme-
diately afterwards significantly reduced both mean
breathing zone dust and RDC compared to dry hay.
There was no significant difference in mean breathing
zone RDC between hay that was only immersed
(dunked in a bucket of water until completely sub-
merged) or soaked for 16h. Blackman and Moore-
Colyer” reported no significant difference in the decrease
of respiratory dust particles when 2.5kg of hay in a
haynet was soaked for either 10 or 30 min. Both treat-
ments reduced respiratory dust by at least 93%, com-
pared to unsoaked hay.

Soaking hay affects its nutritional value in a time-
dependent manner.”!'*!" Even soaking hay for as short
as 30min or less can reduce sodium, potassium,
phosphorous, magnesium, and copper concentra-
tions.”!'! Studies differ on soaking hay and the decrease
in water-soluble carbohydrates and crude protein.”!®
Prolonged soaking reduces the nutritional value of hay
and soaking hay for longer than 30min has a consider-
able negative impact on nutrient composition.”!*!
Two studies”'! reported that there was little to gain
regarding reduced respiratory challenge and much
nutritional value to lose if hay was soaked for longer
than 30min. Soaking hay for 30min effectively
minimized its respirable challenge and maintained
maximal nutritional value.!!

6.4 Effects of Steam Treating Hay

Steam treatment reduces airborne dust and preserves
the nutritional content of hay. Both steaming and soak-
ing hay have been shown to reduce respiratory particles
by at least 93%.” There was no significant difference in
respirable particles between hay that was soaked for 10
or 30min and hay that was steamed for 80 min. When
compared with dry hay, steam treatment resulted in no
loss of nutrients. Soaking hay for 10 or 30min signifi-
cantly reduced phosphorus, potassium, magnesium,
sodium, and copper. Using a commercially available hay
steamer (Figure 6.2; Haygain hay steamer, Haygain
North America, Union City, TN), James and Moore-
Colyer® reduced fungal elements by 100% and bacterial
growth by 98.84%, compared to dry hay. The palatability
of steamed hay was reported to be good.

6.5 Feeding Forage Alternatives

6.5.1 Haylage

Haylage is fermented forage that has higher moisture
content than hay and is lower in dust and mold spores,
if properly processed. Clements and Pirie’ investigated
the effects on RDC when feeding hay or haylage and
bedding horses on straw or wood shavings. The results
of their study indicated that feed has a greater impact on
RDC than bedding and haylage is preferable to hay to
improve equine respiratory health. Feeding haylage
instead of hay reduced mean RDC by 60-70% and
maximum RDC by 76-93%. Changing bedding from
straw to wood shavings also reduced RDC, especially
maximum RDC, but the results showed that RDC in the
horse’s breathing zone is more influenced by close
contact with feed rather than bedding.

6.5.2 Hay Cubes

Feeding hay cubes instead of hay significantly lowers a
horse’s respirable dust exposure. Raymond et al.? inves-
tigated the respirable dust levels that horses were
exposed to when fed alfalfa cubes and good or poor
quality hay. Feeding hay cubes significantly reduced the
amount of dust in the horses” breathing zone as com-
pared to when the horses were fed hay. Interestingly,
there was no difference in dust levels in the horses’
breathing zone or in the center aisle of the barn when
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Figure 6.2 A commercially available hay steamer. Photograph
courtesy of Haygain North America, Union City, TN. Courtesy
of Haygain, North America.

fed either good or poor quality hay. Compared to alfalfa
cubes, good and poor quality hay contained increasingly
more potential aeroallergens, such as plant material,
fungal spores, pollen grains, dust mites, and their feces.
In contrast to hay, alfalfa cubes contained negligible
fungal spores and no pollen grains.

6.5.3 Pellets

Woods et al.° reduced dust in the breathing zone of
ponies to only 3% of previous levels when feed was
changed from dusty hay to pellets and bedding was
changed from straw to wood shavings. Airborne dust
concentration in the stall was significantly affected by
environmental change as well; ADC was approximately
doubled when ponies were fed dusty hay and bedded on
straw, compared to feeding pellets and bedding on wood
shavings. Aeroallergens such as S. rectivurgula, A. fumiga-
tus, and dust mite allergens, were significantly higher
when hay and straw were in the ponies” environment.

6.6 Exercise-Induced Pulmonary
Hemorrhage

Erythrocyte numbers in bronchoalveolar fluid were
reduced when horses were supplemented with the long
chain omega-3 fatty acids docasahexaenoic acid (DHA)

and eicosapentaenoic acid (EPA) for 83 and 145 days
and exercised on a high-speed treadmill.!? There was no
effect when horses were supplemented with only DHA.
Fish oils are an excellent source of omega-3 fatty acids
such as DHA and EPA. Supplementation of DHA and
EPA may improve erythrocyte membrane fluidity and
their movement through capillaries, which could reduce
the likelihood for pulmonary capillary bleeding.
Omega-3 fatty acids have inherent anti-inflammatory
effects that may also reduce airway inflammation and,
consequently, the predisposition for capillary rupture.

6.7 Acute Interstitial Pneumonia

Horses do not develop acute atypical interstitial pneu-
monia (AIP; pulmonary edema and emphysema) after
eating lush green pastures, moldy sweet potatoes, or
other plants associated with AIP in cattle. For example,
horses do not have a rumen and L-tryptophan in lush
pasture is not converted to pulmonary toxic metabolites
such as 3-methyl indole. It is still prudent to avoid
feeding moldy sweet potatoes, kale, rape, and turnip
tops to horses to avoid any possible pulmonary
problems.
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7  Neurologic system

Peter Huntington, BVSc (Hons), MANZCVS

The horse does not suffer the same number of neurologic
diseases related to nutritional deficiency, excess, or feed
related toxicity as other domestic animals. However,
there are some neurologic diseases where modified
feeding and nutritional support plays a key part in the
treatment and management of affected horses.

7.1 Cervical Vertebral Malformation

Cervical vertebral malformation (CVM or wobbler)
causes ataxia and weakness related to stenosis or insta-
bility of the vertebral canal. This is caused by malfor-
mation or malalignment of vertebrae. There is an
association with osteochondrosis in affected horses; sug-
gesting a general failure in development of the skeletal
system.! The disorder usually affects fast growing,
young, large breed horses and feeding programs that
promote rapid growth may increase the risk of CVM.
In a classic study, Wagner et al.? bred radiographically
confirmed wobbler mares and stallions. Only one result-
ing foal had cervical vertebral subluxation, but the other
offspring had a high incidence of osteochondrosis,
physitis, and flexural limb deformities. This study
emphasized that CVM is strongly associated with devel-
opmental orthopedic disease. Therefore, the same
management and nutritional strategies to prevent
developmental orthopedic disease are recommended to
reduce the incidence of CVM in young horses.
Management changes may correct CVM in horses less
than 1 year of age that have neurologic deficits and/or
radiographic signs of CVM. A 5-year field study was per-
formed on a Thoroughbred breeding farm with a high
incidence of CVM.>* Foals that had radiographic changes
with or without neurologic deficits were weaned and
treated with dietary and exercise restriction. Foals were
examined every 3-4 months from birth until they
entered race training. Examinations included physical

and neurologic examinations, standing cervical radio-
graphs, and weekly body condition scoring and
measurement of height and body weight. Horses older
than 1 year of age and showing severe ataxia were less
likely to improve with dietary and exercise restriction
because they already had significant spinal cord damage
and there was insufficient time for skeletal growth to
correct bony remodeling of the vertebral column.?

Confinement to a stall or small paddock and a
reduction in energy intake to only 65-75% of total
digestible nutrient and crude protein requirements for a
horse’s given age and expected growth rate has been
used as a successful treatment in some horses less than
12 months of age (Table 7.1).4 This diet aims to supply
recommended daily allowances of protein, amino acids,
minerals, and vitamins, but restricted energy intake
leads to a reduction in growth rate and a loss in body
condition. Treated horses became very thin with dietary
restriction. The diet was adjusted on an individual basis
every 3—4 months, based on the rate of growth com-
pared to other foals, body condition, and improvement
in neurologic signs or radiographic changes. Affected
horses were confined to a stall or small paddock to
reduce the risk of neurologic injury and better control
dietary intake. Feeding was not increased for horses
that did not improve or lose body condition, which
effectively reduced dietary intake to 65% of National
Research Council (NRC) recommendations.” Horses
that improved neurologically (ataxia score less than
1/5) or radiographically (no stenosis) had their dietary
intake slowly increased to 75% of NRC recommenda-
tions. Normal diet and activity was gradually increased
over a 4-week period.

All horses treated with dietary restriction and reduced
exercise went into race training.* Eighty-three percent
(15/18) of treated foals made at least one race start and
won 18% (32/179) of starts and 87% at least placed
in a race.

Nutritional Management of Equine Diseases and Special Cases, First Edition. Edited by Bryan M. Waldridge.
© 2017 John Wiley & Sons, Inc. Published 2017 by John Wiley & Sons, Inc.

97



98 Nutritional management of equine diseases and special cases

Table 7.1 Restricted diet for young horses with cervical
vertebral malformation.>*

65-75% of National Research
Council (NRC) recommendations’
>100% of NRC recommendations
300% of NRC recommendations

Energy (total digestible
nutrients) and protein

Vitamins and minerals
Vitamins A and E

Calcium and 100% of NRC recommendations, as

phosphorous dicalcium phosphate and limestone

Zinc* 200% of NRC recommendations,
as ZnSO,

Copper* 350% of NRC recommendations,
as CusO,

Selenium 0.3 ppm (mg/kg) in total diet

Grass or low quality 6-9% crude protein

timothy hay

Plain white salt Free choice

* Copper and zinc were supplemented for less than 2 out of the
5 total years of the study.

Hoffman and Clark reported that only 30% of young
Thoroughbreds in race training diagnosed with CVM
based on neurologic examination and standing cervical
radiographs and treated conservatively started at least
one race.® Horses in this retrospective study were
treated with dietary and exercise restriction, anti-
inflammatories, and/or vitamin E supplementation.
Neither dietary changes nor vitamin E supplementa-
tion had a significant effect for affected horses to return
to racing. Horses that raced had lesser neurologic
deficits and less severe radiographic changes than
horses that were euthanatized or never started a race.
It should be noted that horses in race training are 2-3
years of age and older than those in the studies by
Donawick et al.>*

7.2 Botulism

Botulism is a disorder caused by neurotoxins produced
by Clostridium botulinum bacteria. Clinical signs result
from irreversible binding of a neurotoxin at the presyn-
aptic neuron cell membrane that inhibits release of ace-
tylcholine, leading to muscle weakness that can progress
to generalized flaccid paralysis. The classic signs are poor
tongue and eyelid tone and dysphagia, but general
muscle weakness, stiff gait, and increased periods of
recumbency are also observed. An early clinical sign of

botulism is feed left in the bottom of the feed bin, as
weakness of the muscles controlling the lips makes it
difficult to pick up feed.” One simple diagnostic test for
suspected cases of botulism is the “grain test” where the
horse is offered 80z of grain. A normal horse should
consume the grain within 2min; horses with botulism
cannot eat the grain normally or swallow. Affected
horses will often try to eat the grain without using their
lips and difficulty swallowing can be exhibited by saliva,
occasionally mixed with grain, draining from the
nostrils.'°

Most cases of botulism in adult horses are called for-
age poisoning as preformed toxin is ingested from hay,
haylage, silage, or chaff. Grain has also been reported as
a source, but forage is the more likely culprit. The con-
tamination often comes when small field animals are
trapped in forage and the bacteria multiply in anaerobic
conditions inside baled hay or haylage. Horses can also
ingest soil-borne botulism toxin from hay that has been
trampled into the ground. Botulism is often associated
with improperly ensiled silage or haylage that was not
maintained at a sufficiently acidic pH and then fed to
horses. Toxin can rarely be detected in feed samples, but
spores can be isolated in affected feed. Toxicoinfectious
botulism (shaker foal syndrome) is observed in foals,
when clostridial spores germinate in the gastrointestinal
tract. A third and less common cause relates to wound
or surgical site contamination by botulism spores
(wound botulism).>

Diagnosis is based on clinical signs and detection of
toxin in feed, gastrointestinal contents, serum, or
wounds. Horses are so sensitive to low levels of toxin
that it is not always detected by mouse inoculation or
other assays. The most important treatment is intrave-
nous administration of antitoxin, which binds circulating
toxin and prevents further neuromuscular impairment.
The prognosis depends upon the amount of bound and
circulating toxin when antitoxin is administered.
Antitoxin can bind only free botulinum toxin, not the
toxin already affecting the neuromuscular junction.
If given whilst the horse is still standing, approximately
70% of horses can recover once the damaged neurons
regenerate.!!

If horses affected with botulism are unable to swallow,
then supportive care includes administration of fluids
and feed by nasogastric tube or parenteral nutrition.
Dysphagia creates a risk of aspiration pneumonia and
ileus may be present, which necessitates a switch to
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parenteral nutrition. There are a number of enteral
nutrition formulas that have been used successfully, but
consideration needs to be given to electrolyte intake,
digestible energy, and protein sources, as well as fiber
for large intestinal function. The use of high quality
digestible protein sources can supply amino acid needs
in spite of a feeding program that does not meet all the
daily crude protein requirements. Milk-based protein
sources such as casein or whey are valuable in these
situations. Alfalfa meal or soaked and ground alfalfa
pellets or cubes are good sources of high quality protein,
fiber, calcium and potassium. Complete pelleted feeds
can be ground and mixed with water. For a further
discussion on enteral and parenteral nutrition, refer to
Chapter 3 on the gastrointestinal system.

Prevention of botulism involves avoiding feeding sus-
pect or spoiled haylage or silage to horses. Any hay that
contains animal carcasses should not be fed and dis-
posed of where livestock will not consume it. Feeding
hay off the ground or on pads, especially in muddy areas
or where horses congregate reduces horses” exposure to
botulism spores where hay can be trodden in the soil.
Vaccination against botulism type B is recommended in
endemic areas and before foaling in pregnant mares.
However, there are several different types of botulism
and vaccination will not be cross-protective against
all types.

7.3 Ryegrass Staggers

Ryegrass staggers occurs in horses and other animals
grazing perennial ryegrass (Lolium perenne) pasture or
hay infected with the endophyte Neotyphodium lolii (ex
Acremonium loliae), which produces the toxic alkaloid
lolitrem B. There is a seasonal pattern to the disease
with late summer and autumn being the period of
highest risk.

Affected horses should be removed from the toxic
source of ryegrass and will recover quickly. A reduction
in the intake of infected ryegrass is recommended for
unaffected horses by paddock change or supplementary
feeding. Oral mycotoxin binders are used in the
prevention of this disorder, but there is no data in
horses or other animals to support their use.'? Low
endophyte varieties of ryegrass seed are available for
planting in pasture where the disorder presents a
major problem.

7.4 Equine Degenerative Myelopathy
and Neuroaxonal Dystrophy

Equine degenerative myelopathy (EDM) and neuroax-
onal dystrophy (NAD) are degenerative diseases of the
central nervous system (CNS). Differences between
clinical signs and classification depend on what area of
the CNS is affected, but ataxia and weakness are
common signs. EDM occurs in many light horse breeds
and clinical signs are usually observed before 6 months
of age. NAD affects growing horses less than 2 years of
age and affected horses often appear dull and depressed.
Both disorders have breed predispositions and a
heritable component linked with dietary vitamin E
deficiency.”>!'* NAD is associated with neurologic disease
in humans, sheep, cats, and dogs as well as horses.
A familial tendency has been found in Appaloosas,
Morgans, and Quarter Horses."” EDM and NAD cannot
be clinically distinguished from each other and share
many histopathologic lesions.'* EDM involves addi-
tional white matter tracts and is speculated to be a more
severe form of NAD.

Clinical signs of NAD include mild to severe ataxia,
obtundation, decreased to absent menace reflex, propri-
oceptive deficits, and a wide-based stance.'>'¢ Diagnosis
of NAD can only be made with histopathologic exami-
nation of the nervous system. Lesions involve the brain
stem and thoracic spinal cord and are characterized by
bilaterally symmetrical neuroaxonal degeneration with
axonal spheroids. Horses affected with NAD have low
serum vitamin E concentration, but vitamin E supple-
mentation does not improve neurologic deficits. Vitamin
E supplementation will reduce the prevalence of new
NAD cases on affected breeding farms.

Low to very low serum vitamin E concentrations are
found in affected horses and the pathologic features are
in common with experimental vitamin E deficiency in
other animals. Normal serum vitamin E concentrations
are greater than 2pg/ml and deficiency can be diag-
nosed if levels are 1pg/ml or less. However, low serum
vitamin E concentration can be seen in normal horses
without any signs of neurologic disease.

EDM has been reported in many domestic breeds and
in some wild equids.'*!”!# Clinical signs of EDM usually
begin in the first year of life and include bilaterally sym-
metrical ataxia (which may be worse in the hind limbs),
weakness, and proprioceptive deficits. Histopathologic
lesions of EDM consist of neuroaxonal dystrophy and
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variable lipofuscinosis in brain stem nuclei and diffusely
throughout the spinal cord.

Treatment of severe chronic EDM cases with 2,000IU
of synthetic vitamin E has not been effective, but high
doses (6,0001U, PO, q24h) of synthetic vitamin E have
halted the progression of clinical signs in some foals.
Supplementation with 1,000-3,000IU per day to all
horses on farms where EDM cases have occurred has
led to increased serum vitamin E concentrations and
reduced incidence of the disease.!”'” As well as specific
vitamin E supplements, the provision of fresh green
forage will substantially improve vitamin E status.

7.5 Equine Motor Neuron Disease

Equine motor neuron disease (EMND) is a rare neuro-
degenerative disorder of the somatic lower motor
neurons within the spinal cord, affecting horses from
2-25 years of age. EMND was first reported in 1990 by
Cornell University veterinarians. EMND is very similar
to human motor neuron disease (amyotrophic lateral
sclerosis or Lou Gehrig’s disease). EMND is an oxidative
disorder that preferentially affects motor neurons in the
spinal cord that have a high oxidative activity. Neuronal
cell death results in preferential neurogenic atrophy of
type I muscle fibers. Horses that are deprived of pasture
or green, high-quality hay and not supplemented with
vitamin E for more than 18 months are at greatest risk
for EMND.

Subacute and chronic forms of EMND are observed.
Chronic weight loss related to muscle atrophy is often
the first sign. Signs for the subacute form include acute
onset trembling, muscle fasciculations, lying down,
shifting of weight onto the hind legs, low head carriage,
inability to lock the stifles, and symmetrical loss of
muscle mass throughout the body. Affected horses are
not ataxic and walking is easier than standing. In
chronic cases, trembling and muscle fasciculations
decrease and the horse may stabilize with varying
degrees of muscle atrophy or clinical signs can progress
to emaciation.”?

There is no definitive antemortem diagnosis for
EMND, but it is usually based on history, clinical signs,
biopsy of the sacrocaudalis dorsalis medialis muscle, and
measurement of serum vitamin E concentration and
muscle enzyme activities. Previous cases of EMND on a
premise or history that the horse has been without

green forage or supplementary vitamin E for an
extended period of time increase the level of suspicion
of EMND. Many, but not all, cases of EMND will have
serum vitamin E concentrations lower than 1 pg/ml and
vitamin E concentration is also low in other tissues.
High copper concentration in the spinal cord and ele-
vated iron concentration in the liver are also noted in
some affected horses. Muscle biopsy of the sacrocaudalis
dorsalis medialis muscle and histopathologic evidence of
neurogenic atrophy are often diagnostic for EMND.
This muscle is used because it has a high proportion of
oxidative type I muscle fibers that are preferentially
damaged.

The role of low vitamin E intake and high copper and
iron in the diet was investigated by Divers et al.*! Eight
horses were confined to a dry lot and fed a diet low in
vitamin E from old grass hay and a concentrate, which
supplied approximately 20IU/kg vitamin E. The experi-
mental concentrate also contained high levels of copper
(4,000 ppm) and iron (2,000 ppm). Control horses were
allowed seasonal access to pasture or fed grass hay and
concentrate, which contained recommended amounts
of vitamin E, copper, and iron. Four of eight experi-
mental horses developed clinical signs of EMND after
21-28 months on this diet, but no control horses devel-
oped EMND. All experimental horses had low serum
concentrations of vitamin E. The clinically affected cases
had a mean serum vitamin E concentration of 0.25 pg/
ml, compared to the unaffected horses with a mean
concentration of 0.39 pg/ml. The affected horses showed
classic histologic changes in spinal cord, nerves, and
muscles. Control horses had some histopathologic
changes in nerves. The eight horses fed the experi-
mental diet had low hepatic vitamin E concentrations
and very high concentrations of copper compared to
control horses and expected normal ranges. This study
provided evidence that the lack of access to pasture, die-
tary deficiency of vitamin E, and excessive copper intake
are risk factors for EMND. As vitamin E is a fat soluble
vitamin, it takes some months before tissue stores are
depleted, even when horses are fed a very deficient diet.

Adult horses with clinical signs of EMND should be
treated with 5,000-10,0001U of vitamin E/500kg, PO,
q24h. Stabilization of clinical signs and gradual improve-
ment may occur if horses are not too debilitated prior to
treatment. Natural vitamin E provides higher blood and
cerebrospinal fluid (CSF) concentrations of vitamin E
for affected horses. Horses on the same premises without
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access to green pasture should receive at least 1,0001U
of supplementary vitamin E per day. However, there
have been no clinical trials showing that treatment with
vitamin E can stop or reverse the disease process in
EMND cases. With treatment, about 40% of cases
improve or stabilize, but often the long-term prognosis
is poor.’

7.6 Effect of Form and Dose
of Vitamin E on Serum

and Cerebrospinal Fluid
Concentrations

The a-tocopherol molecule has eight possible stereoiso-
mers. Several studies have shown that the RRR-a-tocoph-
erol or d-a-tocopherol isomer (natural vitamin E) has a
higher biologic antioxidant activity and better absorption
than others. Synthetic vitamin E is a racemic a-tocopherol
mixture (all-rac-a-tocopherol or d,I-a-tocopherol).
Higgins et al.?? supplemented horses with either
1,000IU or 10,000IU of water-soluble,
micellized vitamin E for 10 days. Serum vitamin E con-

natural,

centrations were measured every three days and CSF
was obtained from the atlantooccipital space on the first
and tenth day. Serum vitamin E concentrations signifi-
cantly increased with either dose of vitamin E. Vitamin
E concentrations in CSF were highest in horses that
received 10,0001U of supplemental vitamin E, but the
difference in CSF a-tocopherol was not statistically
significant. The results of the study showed that sup-
plemental vitamin E, at either dose, could raise CSF
a-tocopherol concentrations by 1.3-3.4 times within 10
days. This research confirmed that a micellized natural
form of vitamin E could penetrate the blood-brain
barrier and enter the CSF.

In another study by Pusteria et al.,* horses were
supplemented with either 5,000 or 10,000IU of water-
soluble natural, micellized vitamin E or 10,000IU of
synthetic vitamin E for 14 days. Serum vitamin E con-
centrations were measured every 3 days and CSF was
sampled on the first and fourteenth day. Serum and CSF
vitamin E concentrations were significantly correlated.
The highest serum a-tocopherol concentrations were
found after 7 days of supplementation in the horses
given 10,000IU of d-a-tocopherol. This dose also
produced higher serum and CSF a-tocopherol concen-
trations than the 5,000IU dose of d-a-tocopherol.

Treatment with d,l-a-tocopherol acetate led to a small
increase in serum a-tocopherol concentration, but did
not change CSF concentration, a finding that has also
been seen in humans. Natural vitamin E was better
absorbed and passed through the blood-brain barrier
more effectively than synthetic vitamin E. The results of
this study showed that natural micellized vitamin E was
more bioavailable and resulted in greater serum and
CSF vitamin E concentrations.

Pagan et al.** compared the bioavailability of a single
5,0001U dose of 2 preparations of d-a-tocopherol and
synthetic vitamin E. The d-a-tocopherol administered
was either a water soluble micellized form or a nanodis-
persed natural form. The natural vitamin E prepara-
tions had a significantly greater area under the curve
(AUC) than the synthetic form, but there was no
significant difference in AUC between the two natural
forms. The bioavailability of the natural vitamin E
preparations was 559 and 613%, respectively, com-
pared to synthetic vitamin E. Other work with a nano-
dispersed natural vitamin E liquid has shown that a
5,000IU dose will increase serum concentrations by
1.5-2.0 times over baseline within 6h, whereas a
similar dose of synthetic vitamin E produces little
change in serum concentration.'’

Horses suffering from neurologic disease may require
more vitamin E than normal, healthy horses. Vitamin E
supplementation and increased CSF vitamin E
concentration can enhance the antioxidant defenses of
the CNS when neurologic disease is present. Daily sup-
plementation of 5,000-10,0001IU of natural vitamin E
has been recommended over synthetic vitamin E for the
treatment of neurologic disease to maintain normal
neurologic function and to reduce inflammation and
degeneration of the CNS.

In a review of vitamin E associated disorders in horses,
Finno and Valberg® state that there is no evidence to
support supplementing with more than the NRC recom-
mendations (1-21U/kg/day) unless the horse is at risk
for NAD/EDM or affected with a specific vitamin E
responsive condition such as EMND or vitamin E defi-
cient myopathy. Because of its higher biologic activity
and superior absorption, natural vitamin E is approxi-
mately twice as potent as synthetic a-tocopherol.
Therefore, if supplementing with natural vitamin E,
then half as much can be administered (ex. if 5001U
vitamin E is required, then 2501U of natural vitamin E
can be given for an equivalent amount).
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8 Mycotoxins

Ramesh C. Gupta, DVM, MVSc, PhD, DABT, FACT, FACN, FATS

Mycotoxins are secondary metabolites produced by a
variety of pathogenic fungi. Common mycotoxins of
human and veterinary interest are produced by species
in the genera Aspergillus, Claviceps, Fusarium, and
Penicillium. There are over 100 known species of fungi
that produce mycotoxins. Some species of fungi produce
single mycotoxins, while others produce multiple
toxins. It is important to mention that contamination of
food or feed with fungi and their mycotoxins can occur
at any stage of the food production chain, that is, from
the time of planting through harvesting, transportation,
storage, and until the food or feed is consumed.
Animal poisonings by mycotoxins, commonly
referred to as “mycotoxicosis,” have been recorded for
centuries. The oldest known mycotoxicosis involving
mass poisoning in both man and animals are associated
with ergot and ergot-related alkaloids produced from
Claviceps purpurea. From time to time, several large
outbreaks of mycotoxicoses have occurred in many
countries. Alimentary toxic aleukia was reported in
eastern Siberia from 1942 to 1947 and it was caused by
a species of Fusarium growing on grain that had over-
wintered on the ground. In the 1930s, horses were poi-
soned in Russia by eating straw infected with Stachybotrys
chartarum known to produce the mycotoxin, satratoxin
H. Over 5,000 horses died between 1934-1935 from
Equine Leukoencephalomalacia in central Illinois and
some other parts of the midwest United States after
consuming corn infected with Fusarium verticillioides
(formerly Fusarium moniliforme) and Fusarium prolifera-
tum. In 1989, these fungi were shown to produce myco-
toxins identified and confirmed as fumonisins. During
1989-1992 in the United States, a significant number of
horses died from consuming corn contaminated with
fumonisins. Horses were also intoxicated in 1966 in the
US by consuming barley contaminated with Fusarium
graminearum (barley scab). Yearly losses in livestock,
particularly in horses, due to mycotoxicosis are enor-
mous throughout the world. Unlike ruminants, horses

are monogastrics and more sensitive to mycotoxins
because of their limited detoxication capability in the
gastrointestinal tract.

There are hundreds of fungal metabolites that are
potentially toxic to animals. This chapter describes the
toxicity of some commonly occurring mycotoxins (such
as aflatoxins, fumonisins, slaframine, trichothecenes,
and zearalenone) in equine species.

8.1 Aflatoxins

Aflatoxins were discovered as a result of massive losses of
turkeys in Great Britain in 1960. Over 100,000 turkeys
died in the outbreak, which was called “turkey X dis-
ease,” The cause of death was identified as aflatoxin,
found in moldy groundnut meal imported from Brazil.
Since then, sporadic incidences of aflatoxicosis have
occurred in many species around the world. Almost all
livestock animals are sensitive to the toxicity of aflatoxins,
but a great variability exists in that sensitivity.

There are four major aflatoxins of toxicological impor-
tance: aflatoxin B, (AFB)), aflatoxin B, (AFB,), aflatoxin
G, (AFG)), and aflatoxin G, (AFG,). These four afla-
toxins are named according to their fluorescent prop-
erties under long wavelength ultraviolet light on
thin-layer chromatography (TLC) plates. Aflatoxins B,
and B, fluoresce blue, whereas aflatoxins G, and G,
fluoresce green. The subscript numbers 1 and 2 indicate
major and minor compounds, respectively. AFB, and
AFB, are hydroxylated and excreted in the milk as
AFM, and AFM,, which are less toxic than the parental
aflatoxins. There are more than 14 metabolites of
the four major aflatoxins that have been chemically
characterized. Certain environmental factors and insects
damage corn, small grains, peanuts, cottonseed, and
so on, and thereby promote the growth of fungi and
the production of aflatoxins. Structural formulas of
aflatoxins are shown in Figure 8.1.
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Figure 8.1 Chemical structures of aflatoxins.

Aflatoxins are mainly produced by Aspergillus flavus,
A. parasiticus, and A. nomius. Other fungi known to pro-
duce aflatoxins are A. bombycis, A. fumigatus, A. ochraceus,
and A. pseudotamarii. Details of aflatoxigenic species of
Aspergillus and their worldwide distribution has been
described in recent publications.!? Among these fungi,
A. flavus has been most extensively studied for the
production of aflatoxins. The production of aflatoxins is
associated with spore production by species of
Aspergillus.®> Strains of A. flavus can vary in aflatoxin
capability from nontoxic to highly toxigenic and are
more likely to produce more AFB, than AFG,. A. flavus
and other species can also produce cyclopiazonic acid
(CPA). Strains of A. parasiticus generally have less varia-
tion in toxigenicity and generally produce AFB, and
varying amounts of AFB,, AFG,, and AFG,. The afla-
toxin profile produced by A. nomius is considered to be

similar to A. parasiticus, and like A. parasiticus, A. nomius

does not produce CPA. Recent studies have shown that
A. nomius is more important as a producer of aflatoxins
than previously suspected.* Aflatoxigenic strains of
Aspergillus can also produce sterigmatocystin.

8.1.1 Toxicokinetics

Aflatoxins are rapidly absorbed from the gastrointestinal
tract by passive diffusion and are primarily transferred
to the hepatic portal system. Young animals absorb afla-
toxins more efficiently than older animals. Metabolism
of aflatoxins primarily takes place in the liver. With the
exception of the AFB, 8,9-epoxide, the metabolites are
less toxic than AFB,. Cytochrome P450 (AFB, hydro-
xylase) plays a key role in the biotransformation of
AFB, to AFB, 8,9-epoxide. The formation of AFB, 8,9-
epoxide is considered to be the most significant
biotransformation pathway because the AFB, 8,9-
epoxide forms adducts with DNA, RNA, and proteins.
Conjugation of AFB, 8,9-epoxide with glutathione is
considered to be an important detoxification pathway.
Another biotransformation product of AFB| is AFQ,
which can be metabolized to AFH,. AFB, is also metab-
olized to AFP, AFM,, aflatoxicol, and other metabolites.
AFP, AFM, AFQ, and aflatoxicol form glucuronide
and sulfate conjugates. Aflatoxins and their metabolites
are excreted in urine, bile, feces, milk, and semen.

8.1.2 Mechanism of Action

In general, aflatoxins are mutagenic, carcinogenic, tera-
togenic, and immunosuppressive. Aflatoxins cause
oxidative stress by increasing lipid peroxidation and
decreasing enzymatic and nonenzymatic antioxidants.’
Depending on the concentration of aflatoxins, many
metabolic processes are affected. Reduced synthesis of
nucleic acids and proteins is very characteristic. AFB, is
metabolized in a cytochrome P450-dependent reaction
to AFB, -8,9-epoxide, which forms adducts with macro-
molecules in the cell. The affinity of AFB -8,9-epoxide in
decreasing order for macromolecules is DNA >RNA > pro-
tein. The formation of these adducts is a critical step for
aflatoxicosis. The DNA adduct is formed with N’-gua-
nine® and this adduct is relatively resistant to the DNA
repair process. Both AFB, and AFM, induce carcinogenesis
in many animal species and in humans.

AFB, is reported to exhibit immunosuppressive
effects, therefore ingestion of AFB, contaminated feed
increases susceptibility to infections.”® AFB, mainly
affects cell-mediated immunity.>!° It decreases lymphoid
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cell populations, especially circulating activated lym-
phocytes, suppresses lymphoblastogenesis, and impairs
both cutaneous delayed type hypersensitivity and graft
versus host response. AFB also decreases natural killer
cell mediated cytolysis and several macrophage
functions, such as phagocytic activity and intracellular
killing or production of oxidative radicals.!! Effects
of AFB, are primarily on cell mediated immunity;
however, T cell dependent humoral responses are also
adversely affected. Recent evidence suggests that AFB,
may depress many aspects of humoral and cellular
immunities.'? For further details on aflatoxin-induced
immunosuppression, readers are referred to a publication

by Mishra and Sopori.??

8.1.3 Toxicity and Clinical Signs

The primary aflatoxins of toxicologic concern in feed-
stuffs are AFB,, AFB,, AFG,, and AFG,. On a functional
basis, analyses for aflatoxins generally are the sum of
the concentrations of these four toxins.! Among all afla-
toxins, AFB, occurs with the greatest frequency in feed-
stuffs and is found to be the most toxic in all laboratory,
companion and livestock animals. In general, the order
of toxicity is AFB >AFG, >AFB,>AFG,. The LD, of
aflatoxin B, in ducklings, rabbits, dogs, and guinea pigs
is about 1 mg/kg. This value is about 10mg/kg in mon-
keys, cattle, pigs, rats and hamsters. Mice and sheep are
less sensitive to aflatoxin B, as the LD,, values are 63
and 500mg/kg, respectively.

Toxicity due to aflatoxins under natural conditions is
usually subacute or chronic, depending on the level of
exposure. Occasionally, acute cases are also seen. In
general, affected animals show reduced growth rate,
weight loss, immune suppression, icterus, hemorrhagic
enteritis, reduced performance, and ultimately death.

The major target for the toxicity of aflatoxins is the
liver. AFB, is known to cause hepatocellular carci-
nomas (HCC) in many animal species and in humans.
The occurrence of HCC can vary with age of exposure.
For example, brief exposures to large doses of AFB,
during the neonatal period result in a high incidence of
HCC in adulthood, whereas adult mice exposed to the
same doses fail to develop HCC at any age. Aflatoxins
produce necrosis of liver cells, damage to mitochondria,
and proliferation of bile ducts. The clinical pathology
of aflatoxicosis has been studied in several animal
species, including horses. Weanling ponies were admin-
istered AFB, at 0.0 (control), 0.5,1.0, and 2.0mg/kg."*

Serum activity of gamma-glutamyl transpeptidase
(GGT) was increased in all ponies receiving AFB|. The
GGT activity remained increased until day 3 and then
decreased. Serum activity of alanine aminotransferase
(ALT) remained unchanged. Ponies given 4, 5, 6, and
7.4mg AFB, /kg had an increase in serum ALT and the
activity of ALT remained increased until the ponies
died at 33-46h after dosing.

Animals poisoned with aflatoxins may show hemor-
rhage into the gastrointestinal tract, body cavities, and
on body organs due to decreased production of clotting
factors by the liver.'*!> At necropsy, common findings
include firm and pale liver, clear yellow ascites, and
pleural fluid accumulation. Histopathological lesions are
commonly reported in liver and kidney. Angsubhakorn
et al.'° reported hemosiderin deposition in tubule cells,
cardiac myofiber degeneration, and edema of the brain
in horses. Hepatic encephalopathy could occur as a
result of liver damage.

8.1.4 Reproductive and Developmental
Effects

There are many reports that describe deleterious effects
of aflatoxins on development and the reproductive
system, such as sexual maturation, growth and matura-
tion of the follicles, levels of hormones, gestation, and
growth of the fetus.!”-*

In many in vivo and in vitro studies, aflatoxins have
been investigated for male reproductive toxicity and the
principle target organ is the testes, and of course, var-
ious aspects of spermatogenesis. Aflatoxins are known
to cause testicular degeneration, sloughing of germ cells,
and concomitant reduction in the rate and efficiency of
sperm production. Recently, Shuaib et al.** demon-
strated that AFB, caused regression of the testes, impair-
ment of spermatogenesis, and premature loss of germ
cells. An intraperitoneal injection of 50pg of AFB, /kg/
day (estimated to be equivalent to ~330ppm in diet)
was given to male mice at various intervals.?! At day 35,
fertility testing showed a decrease in litter size and tissue
examination showed a decrease in spermatozoa num-
bers in the caudal epididymis. When the numbers of
spermatozoa decreased, progressive motility of sperma-
tozoa was decreased and abnormal spermatozoa were
observed. It is important to mention that toxicants tar-
geting spermatogenesis and spermiogenesis may not
become apparent for 3-6 weeks, depending on the
species, due to the time required for spermiogenesis.
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AFB, has also been shown to impair the reproductive
performance of female animals.?** Female rats
(Druckery Strain) receiving AFB, (7.5mg/kg, PO, for 21
days) showed significant dose-dependent reductions in
the number of oocytes and large follicles. Blood hor-
mone levels and sex organ weights were significantly
altered. There were reductions in ovarian and uterine
sizes, increases in fetal resorption, implantation loss, and
intra-uterine death in aflatoxin-exposed female rats.

It is important to mention that AFB, in animals and
humans crosses the placental barrier and thereby reaches
the fetus.'”?* High AFB, concentrations in umbilical cord
have been associated with low birth weight, kernicterus,
and in some cases also with death of the fetus.?” Chronic
exposure to AFB, may cause endocrine disruption in the
fetoplacental unit, as it has been shown to affect the
expression of the aromatase enzyme.? These authors
demonstrated that AFB, affects genes important to
endocrine regulation in placental cells. The develop-
mental toxicity of AFB, has been studied in various
laboratory animal models and this mycotoxin has been
found to be embryotoxic and/or teratogenic in rats,
mice, hamsters, chick embryos, tadpoles, and Japanese
medaka eggs. Evidence suggests that aflatoxins are

teratogenic to most animal species.!”-*72

8.1.5 Treatment

There is no specific antidote for toxicity of aflatoxins.
Timely administration of L-methionine (200 mg/kg, PO,
q8h) and sodium thiosulfate (50mg/kg, PO, q8h) is
proven to be of therapeutic value. Supplementation
with increased protein, vitamins, and antioxidants can
also be rewarding.

Immediate removal of contaminated feed is the single
most important step in avoiding any further loss in pro-
ductivity and/or death. The United States Food and
Drug Administration’s goal for aflatoxins has been to
minimize contamination by implementing regulations
that focus special attention on management of the
problem. Currently, less than 20 ppb aflatoxin B, in feed
is considered to be safe.

Biological exposure of aflatoxins can be minimized by
chemoprotectionand/orenterosorption. Chemoprevention
against aflatoxins has been demonstrated with a number
of compounds (such as esterified glucomanoses and
other yeast extracts) that either increase detoxification
of aflatoxins or prevent the production of the aflatoxin
epoxide, thereby reducing or blocking AFB -induced

hepatocarcinogenesis. Compounds such as oltipraz and
chlorophyll are available to decrease the biologically
effective dose. Enterosorptive food additives are recom-
mended because they bind aflatoxins and render them
biologically unavailable to humans and animals.?
Dietary supplementation with a feed anti-caking agent
or adsorbents, such as 0.5% hydrated sodium calcium
aluminosilicate, has been demonstrated to minimize
aflatoxicosis in a number of species. Selective calcium
montmorillonites have proven to be the most selective
and effective of these enterosorbents. Following
absorption, some zeolites can be effective reactive
oxygen species scavengers.’® The efficiency of myco-
toxin binders differs considerably, depending mainly
on the chemical structure of both the adsorbent and
the toxin.*! It is important to mention that by no
means should these binders be considered mycotoxin
eliminators. One disadvantage with binders is that there
can be some interference in the absorption of essential
should definitely be
consideration, especially during pregnancy and the fetal

nutrients. This taken into

developmental period.

8.2 Fumonisins

The discovery of the fumonisins (FB,, FB,, and others)
was a major breakthrough in the identification of
mycotoxin(s) involved in moldy corn poisoning in
equine species associated with corn or feeds contami-
nated with Fusarium verticillioides (formerly F. moniliforme
Sheldon) or E proliferatum.>*>* Some fumonisins and
related mycotoxins are also produced in minor amounts
by other Fusarium spp., such as F subglutinans, F.
anthophilum, and Aspergillus niger>> More than 30
fumonisins have been identified and still new stereoiso-
mers such as epi-FB, and epi-FB, and novel congeners,
such as fumonisin B » continue to be discovered and
structural confirmation of more toxins is likely.>>?>¢
Fumonisin B, is the predominant isomer and usually
accounts for 60% or more of the fumonisins in corn.
The chemical structure of FB, is shown in Figure 8.2.
FB, and FB, occur in small amounts with FB, being
more prevalent.

Problems related to fumonisins are common
throughout the world. Fumonisins are known to cause
Equine Leukoencephalomalacia (ELEM), commonly

referred to as “moldy corn poisoning.” Fumonisins have
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Figure 8.2 Chemical structure of fumonisin B,.

been implicated in the production of pulmonary edema
or “hydrothorax” in pigs, esophageal cancer in humans,
liver cancer in rats and mice, and immunosuppression
in chickens.

8.2.1 Toxicokinetics

The pharmacokinetics of FB, have been studied in
several species, including rats, pigs, cattle, poultry, and
primates.’” In general, fumonisin is rapidly absorbed
following intravenous or intraperitoneal administration
and is eliminated in both urine and feces. Residues are
undetectable by 24 h after dosing in virtually all species
and significant residues have not been detected in
muscle, milk, or eggs. Following oral dosing, very little
FB, is found in the serum of animals, suggesting a low
bioavailability. No pharmacokinetic data is available for
fumonisin in horses.

8.2.2 Mechanism of Action
The exact mechanism of action involved in fumonisin-
induced intoxication is not yet fully understood.
Although it is well established that fumonisins, especially
B, and B,, specifically inhibit de novo sphingolipid biosyn-
thesis, it is not clear why fumonisins attack the brain in
horses, lungs in pigs, liver in rats and mice, esophagus
in humans, and the immune system in poultry.
Fumonisins are structurally related to sphingosine and
sphinganine, the major long chain base backbone of cel-
lular sphingolipids. Fumonisins are competitive inhibi-
tors of sphinganine and sphingosine N-acetyltransferase
(also known as ceramide synthase), key enzymes in the
de novo sphingolipid biosynthetic pathway.”” These N-
acetyltransferase enzymes are responsible for catalyzing
the acylation of sphinganine and the reutilization of
sphingosine derived from sphingolipid turnover.
Sphingolipids are located in cellular membranes,
lipoproteins (especially low-density lipoproteins), and

CHy OH OH

CHs

OH NH,

other lipid-rich structures. Sphingolipids are involved
in the regulation of cell growth, cell to cell communi-
cation, differentiation, and neoplastic transformation.
Inhibition of ceramide synthase by fumonisins disrupts
sphingolipid metabolism, resulting in increased sphin-
ganine and sphingosine, along with a decrease in com-
plex sphingolipids in the serum and tissues of animals.
This disruption of sphingolipid metabolism is generally
accepted as the probable mechanism of fumonisin
toxicity.’”

The mechanism of ELEM may also be a direct result of
fumonisin-induced increases in sphingosine concentra-
tions. Smith et al.*® demonstrated that fumonisin
administration induced cardiovascular dysfunction in
horses. These authors established an association between
neurologic signs, increased serum and myocardial
sphingosine concentrations, and cardiovascular depres-
sion in fumonisin-treated horses. At necropsy, horses
with leukoencephalomalacia have histologic evidence
of cerebral edema. Another study revealed that fumoni-
sin-treated horses also have elevated levels of protein,
albumin, and IgG in cerebrospinal fluid samples.*®
In essence, these findings indicate that fumonisin tox-
icity in horses is associated with the development of
vasogenic cerebral edema, as a direct result of increased
blood-brain barrier permeability.

8.2.3 Toxicity and Clinical Signs
Fumonisins have been known to adversely affect the
brain, lungs, liver, esophagus, kidneys, pancreas, testes,
and blood cells.
Depending upon the species, some tissues are more
affected than others.

Horses are the most sensitive species for fumonisins.*

thymus, gastrointestinal tract,

As little as 5ppm fumonisin B, in corn can cause ELEM
in 7-35 days. Symptoms reflect neurologic injury and
include ataxia, head pressing, paralysis of the lips and
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Figure 8.3 Fumonisin induced ELEM in horse brain. Courtesy
of Dr. Geoff W. Smith 2012.

tongue, and convulsions. The disease progresses rapidly
and the mortality rate is near 100%. At necropsy, one or
more foci of hemorrhagic liquefactive necrosis are char-
acteristically present in the white matter of the brain,
predominantly in the cerebrum (Figure 8.3).

A hepatotoxic syndrome also occurs in horses, char-
acterized by icterus, elevated concentrations of serum
bilirubin and liver enzymes, and swelling of the face and
head. Necropsy usually reveals a small, firm liver and
upon microscopic examination, centrilobular necrosis,
and periportal fibrosis. Neurotoxic signs may also
develop before death.*! In general, high doses of fumoni-
sins induce fatal hepatotoxicity with mild brain lesions,
whereas low doses cause mild hepatotoxicity and severe
brain lesions characteristic of ELEM. Fumonisin-induced
liver damage also occurs in other species, including pigs,
cattle, rabbits, and primates.

In horses, FB, also causes cardiotoxicity.”® Decreased
heart rate and cardiac contractility and increased
systemic vascular resistance were found in horses
exposed to 0.2mg/kg FB, administered intravenously.
Repeated daily doses of 0.01 mg/kg FB, over 28 days
caused no cardiovascular impairment, but affected
sphingolipid profiles of cardiac tissue.*

Accumulation of sphinganine, sphingosine, and their
1-phosphates in tissues, blood or urine are useful
biomarkers of fumonisin exposure. A close correlation
between increased sphingoid base concentrations, espe-
cially those of sphinganine, and toxicity have been
shown in many species, including horses.

Fumonisins are also known to adversely affect the
immune system. Several studies have demonstrated

that fumonisin B, affects innate immunity, as well as
humoral and cellular responses of acquired immu-
nity.”'*#**3 Exposure to FB, was reported to cause local-
ized activation of cytokines, suggesting that toxin-
induced changes in innate immune responses may be
important in its immunotoxicity.*

Recently, Voss et al.*! described in detail the reproduc-
tive and developmental effects of fumonisins in various
animal species. Abdel-Wahhab et al.** reported that FB,
proved to be teratogenic and induced severe fetal
growth retardation and skeletal malformation. In many
studies, fumonisin exposure has been linked to neural
tube defects.***

Diagnosis of fumonisin toxicity can be made based on:
(1) detection of fumonisins (FB, and FB,) in feed or
animal tissue or fluids and (2) an increase in the sphinga-
nine to sphingosine ratio in serum and tissue.

8.2.4 Treatment

There is no specific treatment for fumonisin toxicity in
horses. Immediate removal of contaminated corn or
feed is the single most important step in preventing
other animals from developing signs.

8.3 Slaframine

Slaframine (6-aminooctahydroindolizin-1-yl acetate),
commonly referred to as “slobber factor,” is produced by
the fungus Rhizoctonia leguminicola. The fungus is ubiq-
uitous in soil and parasitizes red clover (Trifolium
pratense), white clover (Trifolium repens), alsike clover
(Trifolium  hybridum),
Rhizoctonia leguminicola causes a pasture disease called

and many other legumes.
“black patch.” Fungal infestation is usually associated
with periods of wet and cool weather, that is, spring or
fall, which are ideal for the growth of R. leguminicola.
Slaframine is a piperidine or indolizidine alkaloid with
the empirical formula C, H N,0, and a molecular
weight of 198.26 (Figure 8.4). Slaframine is known to
produce excessive salivation in many animal species,
including sheep, swine, and guinea pigs, but more
importantly in cattle and horses.***” A serious outbreak
of slobbers occurred in a herd of horses in the fall of
1979 near High Point, North Carolina. This was caused
by a shipment of high-quality second cutting red clover-
orchard grass hay from a supplier in West Virginia.*®
Since then, problems with slaframine have been noted
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Figure 8.4 Activation of slaframine to ketoimine in liver.

in many parts of the United States, particularly in the
midwest. In Kentucky and surrounding states, prob-
lems associated with slaframine are quite common in
horses. In 2010, problems related to slaframine toxin
were observed in central Kentucky because of the wet
spring weather and abundant clover growth.* It is
important to note that slaframine is not destroyed dur-
ing drying of plants or during the process of making
silage or haylage.

8.3.1 Mechanism of Action

Slaframine itself is not very toxic, but in the liver it is
activated by a microsomal flavoprotein oxidase enzyme
to a ketoimine metabolite (Figure 8.4) and its structure
resembles that of acetylcholine.’® Thus, the metabolite
produces excessive salivation, lacrimation, and other
hypersecretory effects, by stimulating the cholinergic
system, especially its muscarinic (M, subtype) recep-
tors. The M, acetylcholine receptor is important in
the control of exocrine and endocrine glands.**!
Accordingly, slaframine is pharmacologically classified
as a cholinergic agonist. Experimental studies have
revealed that slaframine has no effect on the cardio-
vascular system nor does it inhibit blood cholinesterase
activity.**?

8.3.2 Toxicity and Clinical Signs

The clinical signs of slaframine toxicity are similar in all
species. In experimental studies, animals exposed to a
single dose of slaframine showed salivation for 6-10h.
Slaframine exposure above 10ppm can be associated
with slobbering. Naturally occurring cases of slaframine
poisoning are primarily reported in horses and rumi-
nants. Figure 8.5 depicts a horse slobbering from slafra-
mine poisoning. Slobber syndrome usually occurs soon
after consumption of hay or forage contaminated with
slaframine. In addition to excessive salivation, horses
may show signs of lacrimation, colic, and diarrhea.
One case report described abortion in a mare.*

Figure 8.5 Slaframine poisoned horse. Courtesy of Dr. Geoff W.
Smith 2012.

Excessive salivation may persist for several days, even
after withdrawal of the contaminated source. Clinical
signs in cattle, in addition to salivation, are lacrimation,
bloating, frequent urination, and watery diarrhea.
Other clinical signs may include anorexia and involve
the gastrointestinal tract, cardiac, and respiratory
systems. Weight loss, decreased milk production,
uterine hemorrhage, and abortions have also been
associated with slaframine toxicosis. Fatalities with
slaframine toxicosis are not common. However, death
may occur due to suffocation from pulmonary edema
and/or emphysema.

Diagnosis of slaframine toxicity is based on clinical signs
(particularly profuse salivation) in animals consuming
red clover or some other legume forage, identification of
R. leguminicola, and detection of slaframine/swainsonine
in forage, plasma, or milk.”

8.3.3 Treatment

Therapy with atropine sulfate is quite effective in com-
bating the clinical signs associated with parasympatho-
mimetic action. However, it is unlikely that clinical signs
will be completely resolved.”® In laboratory animals,
antihistamines such as promethazine hydrochloride,
have also been found effective. Recovery of animals is
usually rapid, as the prompt removal of the contami-
nated source generally alleviates all signs of intoxication
within 2-5 days.
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8.4 Trichothecenes

Trichothecene mycotoxins occur worldwide and as a
result, their impact on animal and human health is of
global concern. Trichothecenes were named after the
fungus Trichothecium roseum, from which the first tricho-
thecene was isolated in 1948. Now, approximately 190
trichothecenes have been isolated and identified from
Fusarium, Myrothecium, Verrucaria, and other genera. The
major mycotoxins of the trichothecenes group are
deoxynivalenol (DON or vomitoxin), diacetoxyscirpe-
nol (DAS), and T-2 toxin. These three closely related
trichothecene mycotoxins are most commonly found in
agricultural commodities infected with Fusarium species.
The chemical structures of DON and T-2 toxin are
shown in Figures 8.6 and 8.7, respectively. These fungal
metabolites are a group of sesquiterpenoids character-
ized by a tetracyclic 12,13-epoxytrichothec-9-ene skel-
eton and a variable number of acetoxy or hydroxyl
group substitutions. All trichothecenes share a tricyclic
nucleus named trichothecene and usually contain an
epoxide at C-12 and C-13, which is considered essential for
toxicity. Trichothecenes can be broadly divided into two
groups, macrocyclic and non-macrocyclic, based on the
presence of a macrocydlic ring linking C-4 and C-15 with
diesters (roridin series) and triesters (verrucarin series).>
Vomitoxin is produced by the fungus Fusarium roseum,
whereas DAS and T-2 toxin are produced by several
fungi, such as F. tricinctum, F. solani, F. roseum, and
F. nivale. Production of these mycotoxins is usually

H3C

Figure 8.7 Chemical structure of T-2 toxin.

triggered by a variety of environmental conditions, such
as cool and wet weather. Trichothecenes have been
known to contaminate a variety of field crops including
wheat, barley, rice, oats, corn, sorghum, and sunflower.
During the past four decades, it has been noted that
among trichothecenes, vomitoxin occurs with the
greatest frequency. Humans and almost all livestock
animals are sensitive to trichothecene toxicity. Dogs and
pigs are more sensitive to vomitoxin than other species.
Occurrence of toxicosis in domestic animals involving
T-2 toxin or DAS is rare. Although DON occurs as a feed
contaminant with greater frequency, T-2 toxin has been
studied in greater detail because of its relevance to
chemical warfare. It is important to note that trichothe-
cenes are stable for long periods and as a result, their
concentrations generally magnify during feed processing
and storage.

8.4.1 Toxicokinetics

No pharmacokinetic data of trichothecenes is available
for equine species. Therefore, some data available for
other monogastric species are described here in brief.
Much of the pharmacokinetic studies are performed
with DON because this mycotoxin occurs with the
greatest frequency. After oral exposure, DON is rapidly
and completely absorbed in the stomach and proximal
small intestine in pigs.”” Following an intravenous dose
of 1mg/kg DON in swine, the mycotoxin distributed
rapidly to all tissues and body fluids and then declined
to negligible levels within 24h, except for urine and
bile.>® Pigs chronically dosed with 5.7 mg DON/kg of diet
for 4 weeks or with one single acute oral exposure (one
feeding) had quick absorption of greater than 50% of
the dose administered. Deoxynivalenol was highly
distributed, with an apparent volume of distribution
higher than total body water and serum elimination
half-lives of 6.3 and 5.3 h in the chronic and acute DON-
fed pigs, respectively.”® A total of 97% of the DON dose
(five elimination half-lives) was eliminated 31.5 and
26.5h after chronic feeding or in one single, acute
exposure, respectively.

Following absorption, trichothecenes may undergo
all four basic reactions of xenobiotic metabolism. Phase
I hydrolysis and oxidation and phase II glucuronide
conjugation occur in the body tissues, while reduction
of the 12,13-epoxide is thought to occur through micro-
bial action in the gastrointestinal tract; although T-2
toxin is the only trichothecene for which all four basic
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reactions occur simultaneously in the same animal.®®
The ability to remove the epoxide oxygen (deepoxi-
dation) is an important step in the detoxification of
trichothecenes. Orally or parenterally administered
trichothecenes do not accumulate in the body to a
significant extent and are rapidly excreted within a few
days in urine and feces. The majority of DON ingested
from dietary exposure is eliminated in urine and feces,
with urine being the main excretory route of DON in an
unmetabolized form. Some trichothecenes undergo
enterohepatic recirculation and are excreted in the feces.

8.5 Mechanism of Action

Trichothecenes induce toxicity through multiple mech-
anisms of action, including inhibition of protein, RNA,
and DNA synthesis, alterations of membrane structure
and mitochondrial function, stimulation of lipid peroxi-
dation, induction of apoptosis, and activation of cyto-
kines and chemokines.’® It appears that the primary
effect of trichothecenes is inhibition of protein syn-
thesis, as all of the other reported effects might be
secondary to decreased protein synthesis.°*? With
trichothecenes in general and DON in particular, feed
refusal is a very common toxic sign and the underlying
mechanism of action is not yet known. DON could act
directly via a central mechanism controlling hunger by
modulating the levels of neurotransmitters, including
norepinephrine, dopamine, and serotonin in discrete
regions of the brain.

Trichothecenes cause immunotoxicity due to both
stimulation and impairment of humoral immunity and
cell-mediated immunity. T-2 toxin exposure in
numerous laboratory animal models and other species
is known to cause apoptosis and immunosuppression.¢!
T-2 toxin given by intraperitoneal administration to
mice reduced thymus weights, inhibited antibody syn-
thesis against sheep erythrocytes, and prolonged skin
graft rejection times.® Increased serum IgA and poten-
tial IgA dysregulation and nephropathy have been
reported in rodents after high dietary DON exposure
(about 25mg/kg). Elevated serum IgA in animals
exposed to oral DON does not appear to be consistent
across species. Elevations in serum IgA concentrations
were not observed in horses fed DON-contaminated
feed (0.06-0.1 mg DON/kg/day).***> Apoptosis has been
proposed to explain the loss of lymphocytes and

hematopoietic cells during trichothecene poisoning.®¢¢”
Islam et al.®® demonstrated that T-2 toxin, given by
intraperitoneal injection to mice, induced thymic
atrophy, DNA fragmentation, and histopathologic
changes characteristic of apoptosis in thymic tissue,
including cell shrinkage and nuclear condensation.
Macrophages appeared to be very sensitive to trichothe-
cenes and could undergo trichothecene- mediated
apoptosis.®® It has been suggested that in addition to
trichothecenes binding to the 60S ribosomal subunits
and producing translational inhibition, another
molecular pathway for trichothecene induction of apo-
ptosis was through triggering a ribotoxic stress response

activating mitogen-activated protein kinases.

8.5.1 Toxicity and Clinical Signs
Trichothecenes are toxic to all animal species that have
been tested. Toxicity of trichothecenes appears to vary
as verrucarins and roridin E are the most acutely toxic
trichothecenes, followed by DAS and T-2 toxin, and
nivalenol and crotocin are the least toxic.c"7°
Furthermore, neonatal animals are more susceptible
than adults to the toxicity of trichothecenes. Their
toxicity also varies from species to species. Based on
toxicity, the species susceptibility to DON are ranked
as pig>rodent>dog>cat>poultry>ruminants (least
sensitive).”! No information is available for equine
species.

The toxic effects may depend upon the route of
exposure, concentrations of trichothecenes in the diet,
and the duration of exposure. Clinical signs can range
from subtle effects, such as feed refusal or reduced feed
consumption, decreased weight gain, skin irritation, and
increased susceptibility to diseases, to the more severe
effects, such as bloody diarrhea, complete anorexia,
emaciation, and finally death. As little as 1 ppm vomi-
toxin in feed can cause feed refusal in pigs and dogs.
Refusal concentrations for DAS and T-2 toxin in pigs are
10ppm and 16ppm, respectively. Trichothecenes are
known to cause dermal necrosis, gastrointestinal effects,
hemorrhage, coagulopathy, and immunosuppression.
T-2 toxin is associated with a large range of toxic effects,
such as weight loss, decreased red blood cell and leuko-
cyte counts, reduction in plasma glucose concentration,
pathologic changes in the liver and stomach, and
alimentary toxic aleukia. Animal feeding experiments
also demonstrated that trichothecenes are teratogenic,
but provided no evidence that they are carcinogenic.”
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Field cases of lethality in horses from trichothecene
mycotoxicoses (Stachybotrys) in the Soviet Union have
been recorded since the 1930s.7>-7° Stachybotryotoxicosis
typically occurred during indoor feeding of horses with
S. alternans-contaminated straw or hay. Horses are very
sensitive to Stachybotrys toxin and 1mg of toxin can be
lethal. In the peracute form of stachybotryotoxicosis,
which is associated with high concentrations of
Stachybotrys toxin in feed, horses show signs of nervous
system irritation or depression, cardiac arrhythmias,
pulmonary edema, and hemorrhage of serosal and
mucosal membranes and muscular tissue, muscle
necrosis, and oral ulcers.” Hemorrhage occurs on serous
and mucous membranes and in the spleen, liver, lungs,
brain, spinal cord, lymph nodes, and most notably in
muscle tissue. In the early 1970s, horses died in northern
Japan from consuming moldy bean hulls that were
commonly used as fodder and bedding, especially in the
winter and spring.”® Affected horses showed clinical
signs of central nervous system disturbances, including
convulsions and cyclic movements, depressed respira-
tion, icterus, and bradycardia. Poisoning in these horses
was linked to several trichothecenes (T-2 toxin, DAS,
and neosolaniol).

In an experimental study conducted by Johnson
et al.** five horses (about 444kg) were fed DON-con-
taminated barley (36-44ppm) and they consumed
approximately 1.27kg barley/horse/day (about 0.099-
0.124mg DON/kg/day) for 40 days. No signs of feed
refusal were observed in the horses and no remarkable
changes were detected in any hematological or serum
biochemical parameters. Both serum IgG and IgA
decreased in a linear manner through the trial. The
authors suggested that gastric microflora detoxified
DON prior to absorption. In another trial performed by
Raymond et al.,** mares were fed one of three treat-
ments, a control diet, a mycotoxin diet (11.2mg DON/
kg and 0.7mg 15-acetyldeoxynivalenol/kg diet), and a
mycotoxin diet (14.15mg DON/kg feed and 0.7mg 15-
acetyldeoxynivalenol/kg diet) with 0.2% glucomannan
polymer (an adsorbent) for 21 days. Feed intake and
body weight gains were depressed in horses fed the
mycotoxin-contaminated diets, as compared with con-
trol mares. No effect of diet was seen on hematology or
serum chemistries, including GGT activity, nor was
there any difference noted in athletic ability. Feeding
glucomannan polymer did not prevent a depression in
feed consumption.

8.5.2 Treatment

The most effective control strategy for trichothecene
toxins is prevention of fungal infection and toxin pro-
duction in the field and storage. Proper agricultural
practices such as avoiding late harvests, removing over-
wintered stubble from fields, and avoiding a corn/wheat
rotation that favors Fusarium growth in residue, can
reduce trichothecene contamination of grains. Storage
of grains at less than 13-14% moisture and storage of
hay and straw at less than 20% moisture are important
in preventing trichothecene production.

There is no specific treatment for trichothecene myco-
toxicoses. A number of binders, such as clay and zeolitic
products, have been suggested for use with trichothe-
cene-contaminated feed to prevent absorption by
animals. However, the United States Food and Drug
Administration has not approved any chemical for use
as a trichothecene mycotoxin binder. Toxic effects can
be alleviated by replacing contaminated feed with clean
feed. Studies show that washing of corn for 48 h, with a
change of water every 2h, is very effective. Clinical
signs of feed refusal usually disappear within a week
after removal of the contaminated feed and animals
return to production within 14 days.

For further details on trichothecenes, readers are
referred to a publication by Mostrom and Raisbeck.>®

8.6 Zearalenone

Zearalenone, also referred to as F-2 toxin, is chemically
described as 6-(10-hydroxy-6-oxo-trans-1-undecenyl)-
B-resorcylic acid lactone (Figure 8.8). At least seven
derivatives of zearalenone have been found that natu-
rally occur in corn.” Zearalenone and its derivatives are
also commonly found in barley, oats, wheat, corn silage,
rice, sorghum, and occasionally in forages. The occur-
rence of zearalenone in grain and feed is worldwide,
especially in temperate climates. Zearalenone is primarily
produced by Fusarium graminearum, but it can also be
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Figure 8.8 Chemical structure of zearalenone.
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produced by other Fusarium tungi, including F. culmorum,
F verticillioides (formerly F. moniliforme), F. sporotrichioides,
FE semitectum, F. equiseti, and F. oxysporum. Moisture
content and the presence of oxygen are critical factors
for zearalenone production. If the fungus is stressed by
a cool temperature (8-15°C) for several weeks, then
zearalenone can be produced. This mycotoxin can be
produced fairly quickly in the field during wet weather
in the late summer or early fall weather following hail
damage to corn. Very high concentrations of zearale-
none can also be found in grain stored improperly at
high moisture. Corn stored in a crib and exposed to
winter is particularly prone to fungal invasion and
production of zearalenone. It needs to be emphasized
that in addition to other estrogenic metabolites, such as
a- and B-zearalenol, zearalenone is commonly detected
in grain with deoxynivalenol. Zearalenone and its
metabolites are heat stable.

8.6.1 Toxicokinetics
Following oral ingestion, zearalenone is rapidly absorbed
from the gastrointestinal tract. In monogastric animals,
bioavailability of zearalenone is estimated to be over
80%. Zearalenone and its metabolites are known to
localize in reproductive tissues (ovary and uterus),
adipose tissue, and interstitial cells of the testes.”®”®
Zearalenone can be metabolized in the liver and
intestinal mucosa, but also by the gastrointestinal flora.
The two major metabolites of zearalenone are a-zearale-
nol and B-zearalenol. a-zearalenol exerts greater estro-
genic activity than B-zearalenol. Zearalenone undergoes
extensive enterohepatic circulation and biliary excretion
in most species. As a result, the major route of excretion
for most species is through the feces. Rabbits excrete
zearalenone through the urine. Excretion of an admin-
istered dose of zearalenone is complete within 3 days.
Zearalenone and its major metabolites (a-zearalenol
and B-zearalenol) have been shown to be excreted in
the milk of cows, sheep, and pigs for a few days, even
after cessation of contaminated feed. Hyperestrogenism
has been reported in lambs and pigs nursing dams dosed
with zearalenone.®*#! No information is available for
equine species.

8.6.2 Mechanism of Action

Zearalenone undergoes reduction and forms two diaste-
reoisomeric zearalanols (ax-zearalanol and [3-zearalanol)
that are mnaturally occurring fungal metabolites.

Zearalenone and its metabolites can interact directly
with the cytoplasmic receptor that binds to 178-estradiol
and translocate receptor sites to the nucleus. In the
nucleus, stimulation of RNA leads to protein synthesis
and clinical signs of estrogenism. Within the resorcylic
acids, a-zearalenol exhibited the greatest binding affinity
for cytosolic estrogen receptors, while zearalenone and
BR-zearalenol displayed much lower binding affinities.®?
The hydroxylation of zearalenone to «-zearalenol
apparently is an activation process, whereas the produc-
tion of B-zearalenol is a deactivation process. Interspecies
variations in sensitivity to zearalenone in the feed could
be related to different metabolites produced and the
relative binding affinities of zearalenone and meta-
bolites formed.”” Among all species tested, pigs are the
most sensitive to zearalenone and its metabolites.

Zearalenone can also act on the hypothalamic-
hypophysial axis. Rainey et al.®* determined that prepu-
bertal exposure to zearalenone in pigs affected the
hypothalamic-hypophysial axis and luteinizing hormone
(LH) surges that lasted for at least 44 days post-exposure.
However, zearalenone consumption did not delay the
onset of pubertal estrus nor impair conception rates,
ovulation rates, or number of fetuses. Male rats (70 days
old) treated orally with zearalenone at 20 mg/kg for 35
days had elevated serum prolactin concentrations but
showed no changes in serum LH and follicle stimulating
hormone concentrations, body and testes weights, or
in spermatogonia, spermatocytes, and spermatids.®*
In an in vitro study, Fenske and Fink-Gremmels®
demonstrated that zearalenone at high concentrations
(~400 pM) appeared to act directly on interstitial cells of
the testes inhibiting steroidogenesis.

8.6.3 Toxicity and Clinical Signs

In general, zearalenone has a low acute toxicity in most
animal species. A wide variability also exists in species
sensitivity to zearalenone toxicity. Prepubertal swine
are the most sensitive and poultry appear to be the least
sensitive species. Also, females are more sensitive than
males and the young are more sensitive than the old.
Gimeno and Quintanilla® reported estrogenic signs of
edematous vulvas, prolapsed vaginas, oversized uteri,
and internal hemorrhage in mares and severe flaccidity
of genitals in two male horses fed corn screenings for 30
days in a field exposure. All sick animals collapsed with
respiratory paralysis, sudden blindness, and died quickly.
Feed analysis revealed zearalenone at 2-3mg/kg.
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Unfortunately, the feed was not also analyzed for
fumonisin, which is known to cause blindness. In
another study conducted on six cycling trotter mares,
Juhasz et al.” determined that daily oral administration
of 7mg purified zearalenone starting 10 days after ovu-
lation until the subsequent ovulation had no adverse
effect on reproduction. The dose of purified zearalenone
represented a natural contamination of feed with about
1mg zearalenone/kg feed and ranged between 0.013-
0.010mg zearalenone/kg/day for approximately 8-10
days. In this study, a short duration of zearalenone
exposure produced no effect on the length of the inter-
ovulatory intervals, ovarian luteal and follicular phases,
and did not significantly affect uterine edema.

8.7 Treatment

There is no specific antidote for zearalenone toxicity.
Symptomatic treatment is advisable. Replacement of
contaminated feed with clean feed allows recovery from
estrogenic signs within 1-2 weeks. Within 3-7 weeks
following removal of the contaminated feed, animals
will return to normal reproductive status. No zearale-
none binder has been proven to be efficacious and there
are none currently approved by the United States Food
and Drug Administration.””

8.8 Concluding Remarks

Mycotoxicoses usually occur from consuming mycotoxin
contaminated feed, which affects equine health world-
wide and produces hundreds of millions of dollars in
economic losses each year. This chapter describes the
toxicity of some commonly encountered mycotoxins,
such as aflatoxins, fumonisins, slaframine, trichothe-
cenes, and zearalenone in equine species. Fumonisins
and aflatoxins are the two most frequently encountered
mycotoxins in feed causing mycotoxicoses in equine
species. Evidently, each mycotoxin adversely affects
equine health by a single or multiple mechanism of
action, involving selected target organ(s). There is no
specific antidotal treatment for any mycotoxin. A number
of binders have been tested and they offer some benefi-
cial effects. However, these binders can also cause a
nutritional deficiency of some nutrients. Therefore,
replacement of contaminated feed with clean feed

appears to be the best solution. Future research is needed
to understand the detailed mechanism of action of these
mycotoxins so that effective antidotes can be developed.
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Q  Poisonous plants

Anthony P. Knight, BVSc, MS, DACVIM

Plant poisoning was recognized as a problem facing the
horse and livestock industry in the mid-1800s. One of
the earliest recognized plant poisonings was a neuro-
logic disease of horses appropriately named locoism, a
name derived from the Spanish word meaning crazy.!
The association between locoism and the grazing of
locoweeds to this day remains a major cause of economic
loss to the equine industry. Although plant poisoning of
horses continues to be a problem, the full economic
impact on the horse industry is not known. Indirectly,
poisonous plants add to the cost of raising and managing
horses through fencing, herbicides, mowing, and
reseeding of pastures where undesirable plants predom-
inate. The costs of subclinical poisoning from plants and
the loss of pasture due to the displacement of normal
forages by noxious plants are significant. Typically,
horses are at greatest risk when pastures are overgrazed
and noxious weeds can proliferate. At other times,
accidental poisoning may occur when horses are given
access to garden clippings or when toxic plants and trees
are planted in or around horse pastures as hedges,
wind-breaks, or for shade. Although most plant poison-
ings occur in horses on pasture during the spring and
summer, losses may also occur during the winter if hay
contains toxic plants.

To paraphrase the famous fifteenth century alchemist
Paracelsus, all things are poisons, for there is nothing
without poisonous qualities. “It is the dose which makes
a thing poisonous.” (Paracelsus 1493-1541. <http://
en.wikipedia.org/wiki/Paracelsus>.) Rarely is a horse
poisoned by a few bites of a plant, with the possible
exception of the most toxic of plants such as water
hemlock (Cicuta douglasii) and yew (Taxus spp.). Horses
generally must eat large quantities of a toxic plant in
amounts equal to 5-10% of their body weight over a
period of several weeks or months. It is therefore

unlikely that a few toxic plants in a pasture pose a
significant risk. Factors such as drought, excessive mois-
ture, herbicides, fertilization, and soil mineral imbalances
can alter the amount of toxin in plants, making them
more of a problem in some years than in others. Herbicides
can increase the palatability and toxicity of plants and
therefore must be used cautiously where animals graze.

This chapter is intended to provide recognition of the
more common toxic plants, their potential for poisoning,
the clinical signs that can be expected in the event a
horse consumes a toxic amount of the plant, and
therapeutic and management practices that can be used
to prevent poisoning. Because clinical signs are often the
reason a horse is presented for veterinary care, the most
common poisonous plants affecting horses in North
America will be grouped by the main clinical effects of
the plant toxin. Plant toxins however often exert their
effects directly or indirectly on multiple organ systems,
and therefore the clinical signs will reflect the variety
and degree of organ involvement. For example, Tansy
ragwort (Senecio jacobaea) poisoning in horses often pres-
ents as neurologic disease or severe photodermatitis,
yet the underlying problem is severe liver disease. Plants
that have only been suspected of being toxic to horses,
but not confirmed, will not be included. Commonly used
botanical terms helpful to describe plants, but unfamiliar
to those not knowledgeable in botany, are described in a
glossary at the end of this chapter.

9.1 Excessive Salivation Induced
by Plants

Excessive salivation or slobbering characterized by
frothing or drooling is generally an indication of
traumatic or chemical mouth injury or esophageal
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obstruction (choke) that prevents normal swallowing of
saliva and food. Trauma and pain resulting from sharp
points of broken or diseased teeth, poorly fitting or
inappropriately used bits, or infectious viral diseases
such as vesicular stomatitis, which causes mouth ulcers,
also cause hypersalivation. A variety of grasses and
other plants may traumatize the mucous membranes of
the mouth. Plants with thorns, bristles, or sharp awns
can produce lesions ranging from reddening to deep
granulating ulcers on the tongue and gums. Grasses
such as foxtail barley (Hordeum jubatum, Figure 9.1),
bristle grass (Setaria spp.), and wheat or rye awns can
become embedded in the mucous membranes of the
cheeks, tongue, and gums, causing painful ulcers, exces-
sive salivation, and difficulty eating. Grass awns are
often not visible in the ulcers, as they are covered by a
layer of granulation tissue. A wide variety of plants
(Table 9.1) has the potential to cause irritation and
trauma in the mouth of horses if they are present in hay
or are abundant in pasture. Occasionally, these plants
can cause trauma to the skin; sometimes potentially
serious injury to the eyes may result from bristles of
burdock (Arctium spp.) and other plants that become
lodged in the conjunctival sack or cornea.?

Numerous other plants may also cause excessive sali-
vation in addition to their primary toxic effect. For
example, laurel (Kalmia spp.), rhododendrons and aza-
leas (Rhododendron spp.), and buttercups (Ranunculus
spp.) cause colic primarily with secondary salivation.
Poison hemlock (Conium maculatum), water hemlock
(Cicuta spp.), and death camas (Zigadenus spp.) primarily
will most noticeably cause death. Yellow star thistle
(Centaurea solstitialis), Russian knapweed (Acroptilon
repens), white snakeroot (Eupatorium rugosum), Crofton
weed (E. adenophorum), Jimmyweed or rayless goldenrod
(Haplopappus spp.), and Burrow weed (H. tenuisectus)
cause neurologic signs with salivation.

Profuse salivation without evidence of mouth irrita-
tion or injury occurs in horses and other livestock eating
clover or alfalfa pasture and hay that is infected with the
fungus Rhizoctonia leguminicola causing Black Patch dis-
ease.>* The toxin responsible has been identified as
slaframine, an indolizidine alkaloid mycotoxin produced
most commonly by this fungus on red clover (Trifolium
pratense), but it may also be produced on other common
legumes, including alfalfa, white clover, alsike clover,
lupines, cow pea, and kudzu.>® Rhizoctonia leguminicola

Table 9.1 Mechanically injurious plants.

Figure 9.1 Foxtail barley (Hordeum jubatum) seed heads.

Common Name

Scientific Name

Burdock bristles

Three awn grasses
Oat awns

Sand burs

Thistles

Foxtail barley awns
Barley awns

Prickly pear cactus, cholla
Rye awns

Bristle grasses, foxtails
Horse nettle

Buffalo bur

Needle, spear, or porcupine grass

Wheat awns

Puncture vine, goat head
Stinging nettle

Cockle burs

Arctium spp.
Aristida spp.
Avena sativa
Cenchrus spp.
Cirsium spp.
Hordeum jubatum
Hordeum vulgare
Opuntia spp.
Secale cereale
Setaria spp.
Solanum carolinensis
Solanum rostratum
Stipa spp.

Triticum aestivum
Tribulus terrestris
Urtica spp.
Xanthium spp.

Commonly cause oral lesions resulting in: excess salivation or
slobbering, difficulty in eating, and decreased feed intake.
Occasionally, some may cause skin and eye trauma (bristles
of burdock adhered to eyelashes).

produces two similar indolizidine alkaloids, slaframine
and swainsonine, that are synthesized from lysine
through pipecolic acid. Swainsonine is also produced in
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locoweeds (Astragalus and Oxytropis spp.) that are
covered later under neurotoxic plants.”

Under wet or humid conditions, the fungus grows on
leaves and produces visible black or brown spotting.
After eating infected legumes for several days, horses
begin to salivate excessively, lose weight, and may have
excessive lacrimation, diarrhea, and frequent urina-
tion.>” Pregnant mares may abort if they continue to
consume infected clover. Recovery occurs rapidly once
horses are removed from the infected legume pasture or
hay. Problem pastures can be grazed if they are mowed,
the affected hay is removed, and regrowth has no brown
or black spots on the leaves.

Unusual causes of increased salivation have been
reported in horses at a horse show that developed
blister-like lesions around the lips, nose, and eyes.® It
was found that all 50 affected horses were bedded on a
common source of wood shavings that contained some
bitterwood (Quassia simarouba), a tree indigenous to
Central and South America, where it is harvested for
lumber. Similar blisters have been reported on the
hands and face of people who prune these trees. Horses
in this outbreak recovered completely from the vesicular
dermatitis once they were removed from the wood
shavings.

9.2 Colic and Diarrhea-Inducing Plants

Poisonous plants are but one of many causes of colic and
diarrhea in horses. Plant toxins may either have a direct
irritant effect on the gastrointestinal system, causing
hyperperistalsis, colic, and diarrhea, or they may act on
the parasympathetic nervous system, causing ileus, flat-
ulence, and colic. Yet other plants may cause severe colic
through obstruction or impaction of the small or large
intestine, respectively. Fruits of plants such as Cockspur
hawthorn (Crataegus crusgalli), mesquite (Prosopis glandu-
losa), and persimmon (Diospyros virginiana) can cause
obstruction of the small or large intestine.*!°

Plants most frequently associated with colic and/or
diarrhea in horses are listed along with their toxin and
additional effects in Table 9.2. Horses eating the fruit,
seeds, or leaves of avocado (Persea americana) trees usu-
ally die within a few days or less, depending on the
amount consumed, as described later in the section on
sudden death-inducing plants. Prior to death, however,

colic, diarrhea, and signs of acute congestive heart
failure occur. A variety of other common plants also
may be incriminated as a cause of colic and diarrhea if
horses are deprived of normal forages. Invasive pasture
plants such as leafy spurge (Euphorbia esula), wild iris
(Iris missouriensis), horsetail or scouring rush (Equisetum
arvense), bitter weeds (Helenium spp.), and a variety of
mustard plants (Brassica spp.) have the potential to
cause colic and diarrhea due to a variety of irritant
compounds in the plants.

Diagnosing plant-induced causes of colic and diarrhea
is difficult because generally there are no specific lesions
detectable in the gastrointestinal tract at postmortem
examination and it is difficult to identify plants in the
gastrointestinal tract once they have been chewed and
denatured by digestive enzymes. When plants are sus-
pected of causing colic and diarrhea, a careful history
and thorough examination of the horse’s pasture and
feed should be made in an attempt to identify the plants
in Table 9.2 and described in this section.

Plants such as halogeton (Halogeton glomeratus),
greasewood (Sarcobatus vermiculatus), and shamrock,
soursob, or sorrel (Oxalis spp.) contain high amounts of
oxalate, which has the potential to cause gastroenteritis
and diarrhea. Prolonged consumption of low amounts
of oxalate from these plants or others containing low
amounts of oxalate may cause a calcium deficiency-
induced hyperparathyroidism.

9.2.1 Horse Chestnut or Buckeye
Horse chestnut or buckeye (Aesculus spp.) are common
small to medium-sized shrubs or trees with large pal-
mate leaves, white to red flower spikes borne termi-
nally on the branches, and characteristic spiny or
smooth fruit capsules containing 1-3 shiny brown
nuts when ripe (Figure 9.2). Horse chestnut species
grow throughout most of the United States but are
concentrated in the eastern and southern states. Those
reportedly toxic to animals are: Ohio, California, red
and yellow buckeyes (A. glabra, A. californica, A. pavia,
and A. octandra, respectively), and the introduced
species horse chestnut (A. hippocastanum).'*** Toxic
chestnuts are not related to the edible chestnut
(Castanea spp.).

The toxins in buckeyes and chestnuts are saponins
(aesculin), present in new growth, leaves, and nuts. The
principal action appears to be on the gastrointestinal
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Table 9.2 Colic or diarrhea-inducing plants.

Common Name

Scientific Name

Clinical Effects

Foxglove

Oleander

Yellow oleander
Be-Still, lucky nut tree
Halogeton
Greasewood

Shamrock, soursob, sorrel
Horse chestnut, buckeye
Corn cockle

Pokeweed

Coffee or senna weed
Oaks

Gambels oak

Shinnery oak

Field bindweed

Laurel

Azaleas

Fetterbush

Mountain pieris
Maleberry

Privets

Buttercup & anemone
Hellebore

Marsh marigold
Clematis

Castor beans

Rosary peas

Black locust
Nightshade and potato
Jimson weed (thorn apple)
Tomato

Jessamine

Avocado (Guatemalan variety)

Persimmon
Cockspur or hawthorn
Mesquite

Digitalis purpurea
Nerium oleander
Thevetia peruviana
Thevetia thevetioides
Halogeton glomeratus
Sarcobatus
vermiculatus

Oxalis spp.

Aesculus spp.
Agrostemma githago
Phytolacca americana
Cassia spp.

Quercus spp.

Q. gambelii

Q. harvardii

Q. breviloba
Convolvulus arvensis
Kalmia spp.
Rhododendron spp.
Leucothoe spp.

Pieris spp.

Lyonia spp.
Ligustrum vulgare
Ranunculus spp.
Helleborus spp.
Caltha palustris
Clematis spp.

Ricinus communis
Abrus precatorius
Robinia pseudoacacia
Solanum spp.

Datura stramonium
Lycopersicon spp.
Cestrum spp.

Persea americana

Diospyros virginiana
Crataequs crusgalli
Prosopis glandulosa

Diarrhea, regurgitation, cardiac

Diarrhea, rarely renal disease
Prolonged intake of low amount causes calcium deficiency

Muscle tremors and ataxia
Diarrhea

Hard, dark feces; later bloody diarrhea, anorexia, depression
May have oral ulcers and choke signs, liver and kidney damage,

hypocalcemia, hyperphosphatemia
Bradycardia and dilated pupils

Salivation, defecation, depression, and ataxia

Salivation and diarrhea

Trembling, ataxia, and diarrhea

Excitement then depression

Diarrhea and weakness

Diarrhea, congestive heart failure, edema of abdomen, head,

and lungs. Death in <2 days.
Impaction colic

NB: In addition to the clinical effects listed, all plants listed cause colic, except those causing acute oxalate poisoning (Halogeton,

Sarcobatus, and Oxalis spp.).

tract and nervous system. Colic has been the main
problem reported in horses, although muscle tremors,
ataxia, incoordination, and paralysis are possible. There
is no specific treatment, but administering mineral oil by
nasogastric tube as a laxative and supportive fluid
therapy may be beneficial. Poisoning is rarely fatal.

9.2.2 Field Bindweed (Morning Glory)

Field bindweed (Convolvulus arvensis), found throughout
North America, is an extremely persistent invasive peren-
nial twining or creeping weed with alternate leaves and
white or pink funnel-shaped flowers (Figure 9.3). The plant
reproduces readily from seed and its extensive root system.
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Figure 9.3 Field bindweed (Convolvulus arvensis).

The toxins in bindweed are tropane alkaloids (pseu-
dotropine), which are present in all parts of the plant
and have an atropine-like action. Colic is the result of
intestinal stasis and flatulence. Parasympatholytic signs
such as bradycardia and dilated pupils may result if toxic
levels of bindweed are consumed. Chronic weight loss
and colic in horses grazing predominantly bindweed
was attributed to severe intestinal fibrosis and vascular
sclerosis. No specific treatment is known. Symptomatic
colic therapy is indicated.

Figure 9.4 Gambel’s oak (Quercus gambelii) showing typical
leaves and acorn.

9.2.3 Oak
Horses are susceptible to oak poisoning and will eat oak
leaves and acorns when normal forages are scarce.'?
Poisoning is unlikely unless large quantities of the leaves
and/or acorns are eaten. Although all 60 species of
oak (Quercus spp.) that grow in North America are
potentially toxic, most livestock poisoning is attributed
to Gambels oak (Quercus gambelii), Shinnery oak (Q.
havardii), and Q. breviloba."* Oaks range from shrubs to
large trees. All have alternate, simple, toothed, or lobed,
dark green glossy leaves that turn red in the fall
(Figure 9.4). The plants are monoecious, with the sta-
minate flowers occurring in long catkins and pistillate
flowers occurring singly or in small clusters. The acorn
fruit is a nut partially enveloped by an involucre of scales.
Tannins (gallotannic acid) are found in the leaves,
bark, and acorns of most oak species and are responsible
for poisoning in animals.!>"'” Tannic acid fed to rabbits
produced effects similar to that produced by Shinnery
oak.!” Tannins are potent precipitators of cellular pro-
tein (astringents), which cause severe necrosis of the
intestinal tract and kidney when ingested. Oaks at any
stage of growth are poisonous, but are particularly toxic
when the leaf and flower buds are just opening in the
spring. As the leaves mature, they become less toxic.
Ripe acorns are less toxic than green acorns. Cattle, sheep,
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horses, and pigs are susceptible to oak poisoning.!*17-20
Ruminants frequently browse on oak without apparent
problems, provided they have ample access to normal
forages.

Clinical signs of oak poisoning vary according to the
quantity of oak leaves, bark, or acorns consumed.
Initially, animals stop eating, become depressed, and
develop colic.!”!® The feces are hard and dark, but a
hemorrhagic diarrhea often occurs later in the course of
poisoning. Some horses present as though they are
choked and saliva passes out the nose. Mouth ulcers
may also be present. Severe liver and kidney damage is
detectable by elevations in serum liver enzyme activity
and blood urea nitrogen.?! Urinalysis may show low
specific gravity, proteinuria, glucosuria, hemoglobin-
uria, and casts.!” Hypocalcemia and hyperphosphatemia
are usually present. Horses may die within 24 hours
after eating large quantities of acorns or they may live
for 5-7 days after the onset of clinical signs.

On postmortem examination, mucoid hemorrhagic
gastroenteritis with edematous large intestinal mesen-
tery are the predominant gross lesions in horses that
die from oak poisoning.!”!* Hemorrhages on various
organs and excessive amounts of fluid in the perito-
neal and pleural cavities may be present. The kidneys
are usually found to be pale, swollen, and covered
with small hemorrhages. Histologically, the kidneys
show tubular necrosis.'”!” Liver necrosis may also be
evident.

Affected animals should be removed from oak pasture
and given supportive care in the form of fresh water,
hay, and intravenous fluids to promote diuresis and to
maintain hydration and acid-base balance. Mineral oil
(1gal/10001b or 4L/450kg horse) should be admin-
istered by nasogastric tube to help rid the intestinal
tract of tannic acid. The therapy described here and
appropriate analgesics to control pain are particularly
indicated for colicky horses.

9.2.4 Mountain Laurel
Laurels (Kalmia latifolia) are common branching shrubs
or small trees with glossy, green, alternate lanceolate
leaves. The characteristic white to pink flowers are pro-
duced in showy clusters (Figure 9.5). Laurels are
common to the eastern and southern United States.
The principal toxins in laurels are complex diterpenes
grayanotoxins (andromedotoxin) which are present in
all parts of the plant including the nectar. The principal

Figure 9.6 Azaleas (Rhododendron catawbiense).

action of the grayanotoxins is to bind to sodium chan-
nels in cell membranes, thus preventing inactivation of
action potentials and causing prolonged depolarization.
In low doses this has a positive inotropic effect on the
heart, but at toxic levels cardiac conduction disturbances
occur. Tannins cause gastrointestinal irritation. Similar
toxins are also present in azaleas (Rhododendron spp.)
(Figure 9.6), fetterbush (Leucothoe spp.) (Figure 9.7),
mountain pieris (Pieris spp.) (Figure 9.8), and maleberry
(Lyonia spp.) (Figure 9.9).2%%

Although all animals are susceptible to laurel and
rhododendron poisoning, horses and donkeys are rarely
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Figure 9.7 Fetterbush (Leucothoe spp.).

poisoned. Affected animals may show excessive frothy
green salivation, colic, frequent defecation, depression,
weakness, and ataxia. If a sufficient quantity of laurel
has been eaten, recumbency, coma, and death occur.
There is no specific treatment. Mineral oil should be
administered by stomach tube, and intravenous fluid
therapy is administered as necessary.

9.2.5 Pokeweed

Pokeweed (Phytolacca americana) is a perennial branch-
ing herb 3-10 feet (1-3m) tall, with a large taproot,
green or purple stems, and large, alternate, petioled,
and ovate leaves. The flowers are small, white, and
without petals. The distinctive fruits are shiny purple
berries (Figure 9.10). Pokeweed grows mostly in the
eastern and southern United States. All parts of the
plant, especially the roots, contain saponins and

Figure 9.9 Maleberry (Lyonia spp.).

oxalates. Glycoproteins present in the plant may also
cause hemagglutination through the activation of B
and T lymphocytes (pokeweed mitogens).** Depending
on the amount consumed, mild to severe colic and
diarrhea may develop. Poisoning from pokeweed is
rare in horses. Mineral oil (4L/450kg horse) by
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Figure 9.10 Pokeweed berries (Phytolacca americana).

nasogatric tube and intravenous fluids should be
administered as needed.

9.2.6 Buttercups

Buttercups (Ranunculus spp.) are perennial herbaceous
plants with fibrous roots, erect hairless stems, and leaves
deeply divided into three lobes. The upper leaves are
smaller. The flowers vary from few to many and have
five bright yellow petals and five green sepals
(Figure 9.11). Buttercups are commonly found in wet
areas throughout North America.

Some, but not all, species of buttercups contain
ranunculin, a glycoside which forms the toxic blistering
agent protoanemonin when the plant is chewed or
crushed. When dried, buttercups lose their toxicity.
Other plants that contain protoanemonins include hel-
lebore (Helleborus spp.), marsh marigold (Caltha palus-
tris), clematis (Clematis spp.), and anemone (Ranunculus
spp.). Protoanemonins are irritants and cause stomatitis,
excessive salivation, mild colic, and diarrhea, varying in
severity depending on the amount the horse has eaten.
In severe cases of colic,c mineral oil (4L/450kg) or

Figure 9.11 Buttercup (Ranunculus spp.).

activated charcoal should be given via nasogastric tube
and the horse should be maintained on intravenous
fluids as necessary.

9.2.7 Castor Oil Plant

Castor oil plants (Ricinus communis) are common peren-
nial plants of tropical areas, growing 6-13 feet (2-4m)
high, with a hollow branching stem. The stem is often
purplish with a waxy coating. Leaves are large, alternate,
and usually eight lobed, each with a main vein that
radiates from the off-centered attachment of the petiole
(Figure 9.12). Yellowish flowers are produced in
racemes at the end of the main stem and form fruits
covered with soft spines that dry into sharp spines
surrounding three characteristic seeds. Poisoning occurs
from eating either the plants or grain contaminated
with castor beans.

All parts of the plant and especially the seeds contain
the toxalbumin ricin, a highly toxic lectin that inhibits
protein synthesis. Similar toxic lectins are found in rosary
peas, jequirity beans (Abrus precatorius) (Figure 9.13) and
black locust (Robinia pseudoacacia) (Figure 9.14). Lectins
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Figure 9.12 Castor oil plant (Ricinus
communis) leaves and spiny fruit
capsules.

Figure 9.13 Rosary peas (Abrus precatorius) with characteristic
black patch on the scarlet seeds.

are proteins that have the capability of binding to cells to
cause agglutination and acute hypersensitivity reactions.

Castor oil extracted from the seeds is not toxic, as ricin
is insoluble in the oil. The oil contains predominantly Figure 9.14 Black locust (Robinia pseudoacacia) flowers,
ricinoleic acid that is an irritant and a potent cathartic. compound leaves, and thorns on branches.
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Horses are most likely to be poisoned by eating seeds
(castor beans) in amounts as small as 0.01% of body
weight (1-2% castor beans in the horse’s grain).!? The
seeds need to be ground or well-chewed to expose the
toxin. Early signs of castor bean poisoning in horses
develop several days after the animal has eaten grain
contaminated with castor beans and include trembling,
sweating, and incoordination. Colic, diarrhea, and a
rapid, weak pulse develop as the poisoning progresses.'?
Horses may also be poisoned by eating the bark from the
black locust tree (Robinia pseudoacacia).® Therapy should
include aggressive administration of intravenous fluids
to counteract signs of shock. Mineral oil (4L/450kg) fol-
lowed 4-6h later by activated charcoal (0.5kg/500kg)
in a saline solution cathartic should be given by naso-
gastric tube to reduce further absorption of ricin. Horses
that develop clinical signs have a poor prognosis.

9.2.8 Jimson Weed, Potato, and Tomato

In the large diverse nightshade family (Solanaceae),
horses have been poisoned by various genera that
include nightshades (Solanum spp.),?® jimson weed or
thorn apple (Datura stramonium) (Figure 9.15),142728
tomato (Lycopersicon spp.), potato (Solanum tuberosum),*
and jessamine (Cestrum spp.).>° A variety of glycoalka-
loids and tropane alkaloids are found in Solanaceae
plants, especially in the green parts of the plant and the
unripe fruits.

The glycoalkaloids common in the Solanum species are
gastrointestinal irritants and neurotoxins. The tropane
alkaloids, including scopolamine (hyoscine) and hyoscy-
amine, are similar to atropine in their effect on the
autonomic nervous system, blocking the action of ace-
tylcholine at muscarinic receptor sites. Dilated pupils,
intestinal atony, decreased salivation, sweating, tachy-
cardia, and tachypnea are typical signs of toxicity from
the tropane alkaloids. Horses are most often poisoned
by grain contaminated with jimson weed seeds
(Figure 9.16), green or rotting potatoes,'> or potato or
tomato plants. Grain contaminated with as few as 595
seeds/kg will cause poisoning in horses. Compared to
other livestock, horses may be more susceptible to the
toxic effects of solanine alkaloids.!® Initially, there may
be central nervous system excitement, but depression
follows with decreased heart and respiratory rates,
muscle weakness, staggering, dilated pupils, colic, and
watery diarrhea that may be hemorrhagic.'> When large
amounts of tropane alkaloids are ingested, death results

Figure 9.15 Jimson weed or thorn apple (Datura stramoniunt)
showing characteristic trumpet-shaped flowers and spiny fruit
(thorn apple).

» @b

i n-u“:'!a|=u=|e|=|emr-l l-!:rruau-!zu:-rr! |

Cwm [ 2 3 3 =]

Figure 9.16 Jimson weed seeds (Datura stramonium).

from cardiac arrest. Interestingly, race horses eating bed-
ding containing Datura species tested positive in their
urine with the stimulant and illegal drug scopolamine.’!

Therapy is symptomatic as there is no specific
treatment. Oral administration of activated charcoal
(0.5kg/500kg) as an absorbent, along with a saline
cathartic may be effective if given soon after the plants
have been eaten. Seizures should be managed with
diazepam and not phenothiazine tranquilizers because
of the anticholinergic effects of phenothiazines.

An interesting realtionship has been observed in horses
that eat silverleaf nightshade (Solanum elaeagnifolium) and
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are treated with ivermectins. An increased permeabilty
of the blood-brain barrier to ivermectin causes severe
depression and death.*?

Day and night blooming jessamines (Cestrum spp.)
have a diferent effect causing excess calcification of the
tissues, leading to weight loss, lameness, and debility
(see Section 9.16 on Plant-induced calcinosis).

9.2.9 Kentucky Coffee Tree

Kentucky Coffee Tree (Gymmnocladus dioica) is a deciduous,
leguminous, tree native to eastern North America that
produces numerous large dark brown seed pods

Figure 9.17 Kentucky coffee tree (Gymnocladus dioica).

Table 9.3 Primary photosensitizing plants.

containing 4-8 brown seeds (Figure 9.17). The specific
toxin(s) in the plant and seeds have not been identified,
but are possibly complex heat-labile saponins. Signs of
poisoning include excessive salivation, diarrhea, colic,
and excitement.>?

9.3 Photodermatitis-Inducing Plants

Plant-induced dermatitis or photosensitization may be
categorized into primary, secondary, or contact photo-
sensitization. Primary photosensitization results when a
horse eats plants that contain a photoreactive pigment;
secondary photosensitization develops when plant alka-
loids cause liver failure with photosensitization occur-
ring secondarily to liver failure. Contact dermatitis as
the name implies requires direct exposure of the skin to
a substance, possibly a plant hapten that induces an
immune reaction in the skin.

9.3.1 Primary Photosensitization

Primary photosensitizing plants (Table 9.3) contain
photoreactive phenolic pigments that, once eaten and
absorbed, accumulate in the skin. When these com-
pounds are exposed to ultraviolet rays from sunlight,
they fluoresce, releasing radiant energy that causes
cellular necrosis. The mechanism of this reaction has
been extensively reviewed.**?¢ Oxidation of amino
acids in skin (histidine, tyrosine, tryptophan) provokes
acute inflammation and necrosis. Horses fed a gluten
concentrate may also develop primary photosensitization
possibly from photoreactive metabolites. Non-pigmented
skin is most severely affected (Figure 9.18). Horses with
completely pigmented skin are fully protected even
though the photodynamic pigments are present in the
capillaries. In such animals, lacrimation and photophobia
may be the only manifestations of photosensitivity.

Common Name

Scientific Name Toxin

St. John's wort, Klamath weed
Buckwheat

Spring parsley

Bishop’s weed

Hypericum perforatum
Fagopyrum esculentum
Cymopterus watsonii
Ammi majus

Hypericin
Fagopyrin
Furanocoumarins
Furanocoumarins

NB: See Figure 9.18 for clinical signs of photosensitization. All these plants may also

cause excessive lacrimation and photophobia.



130 Nutritional management of equine diseases and special cases

Figure 9.18 Photosensitization in a horse showing dermatitis
affecting the nonpigmented skin only.

Two plants historically associated with primary pho-
tosensitization in horses are buckwheat (Fagopyrum escu-
lentum) and Saint John's wort (Hypericum perforatum) >’
Horses are also potentially at risk from plants such as
spring parsley (Cymopterus watsonii) and bishop’s weed
(Ammi majus), which contain photoreactive furocouma-
rins that induce primary photosensitization in other
livestock and poultry.*®

9.3.1.1 Saint John’s Wort or Klamath Weed

Saint John’s wort (Hypericum perforatum) grows
throughout North America. It is an erect perennial herb
that grows up to 3 feet (1 m) tall with woody lower stems.
The branches are opposite and sterile. Usually both
stems and branches are two-edged or winged. The
leaves are opposite, sessile, linear-oblong, 3/4 inch
(2cm) long, and dotted with glands that appear as tiny
translucent dots when held against the light. The

flowering part of the plant has a cyme arrangement

Figure 9.19 St. John'’s wort or Klamath weed (Hypericum
perforatum).

with numerous flowers 0.5-0.75 inch (1-2cm) in
diameter with five bright yellow petals, five green
sepals, many stamens in clusters of 3-5, and an ovary
with three widely spreading styles (Figure 9.19). The
petals have fimbriate margins and may have black
glandular dots on the margins. These dots contain the
toxin hypericin.* Hypericin is a photodynamic pigment
that remains chemically intact through digestion and is
readily absorbed into the blood. It has no effect on the
liver or other organs unless it is exposed to ultraviolet
light. This occurs especially in nonpigmented skin,
causing primary photosensitization. Its presence in the
glandular dots on the leaves suggests that all Hypericum
spp. with similar glands are potentially capable of
causing primary photosensitization. Young plants are as
toxic as mature plants and are more palatable to live-
stock; thus they are more likely to cause poisoning in
grazing animals. However, the toxin is not destroyed by
drying and, therefore, hay may also cause poisoning.

9.3.1.2 Buckwheat

Buckwheat (Fagopyrum esculentum) is a glabrous herba-
ceous annual plant with erect stems and alternate has-
tate or cordate leaves. The stipules are united as a sheath
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Figure 9.20 Buckwheat (Fagopyrum esculentum) showing the
typical heart-shaped leaves and white flowers.

(ochrea) around the stem at the nodes. The greenish
white flowers occur as terminal or axial panicles and
have eight stamens and three-parted styles, which form
three-angled brown-colored seeds from which buck-
wheat flour is made (Figure 9.20). Commonly grown as
a cover crop to be plowed under for soil enrichment, it
has escaped in many areas to become a weed of waste
places.

Both the green and dried plant contain the pigment
fagopyrin that, if ingested in sufficient quantities
and then exposed to sunlight, is capable of producing
primary photosensitization in all domestic livestock.

9.3.2 Secondary Photosensitization

Secondary, or hepatogenous, photosensitization occurs
more commonly than primary photosensitization.
Unlike primary photosensitization, liver disease is the

underlying etiology of a secondary photosensitivity.
The plant toxins themselves are not photoreactive, but
cause liver damage. Once 80% or more of the liver is
affected, it is unable to eliminate phylloerythrin, a
normal breakdown byproduct of plant chlorophyll,
which then accumulates in the blood. Phylloerythrin
fluoresces when exposed to ultraviolet light, causing
cellular damage resulting in photosensitization.?*>>3¢
The prognosis for animals with secondary photosensiti-
zation is always far poorer than that for primary photo-
sensitization because the underlying liver disease is
frequently irreversible and eventually fatal in most
affected animals. The plants that are most frequently
associated with secondary photosensitization in horses
in North America are discussed in the next Section 9.3.3
on liver disease-inducing plants and are listed in
Table 9.4.

Treatment of photosensitization, whether it is pri-
mary or secondary, requires keeping the animal com-
pletely out of the sun and preferably stalled during the
day. Sunlight through a glass window is not harmful,
as ultraviolet rays are filtered out by glass. Gentle daily
cleaning of the skin with a mild organic iodide solution
will aid recovery. Appropriate systemic antibiotic
therapy based on bacterial antibiotic sensitivity is
indicated if there is secondary bacterial dermatitis.
Recovery of the skin and hair regrowth may take 2-3
months.

9.3.3 Liver Disease-Inducing Plants

Few plant toxins cause liver disease because the liver
has great capacity for detoxifying many compounds
that are absorbed from the gastrointestinal tract.
Furthermore, the liver has a large reserve capacity and
will continue to function at near optimal levels until
approximately 80% of it has been destroyed. Only
then will clinical signs of liver failure such as weight
loss, depression and abnormal behavior, icterus,
hemoglobinuria, anemia, and photosensitization be
observed. Photosensitization occurs because of the
damaged liver’s inability to eliminate phylloerythrin,
the body’s normal breakdown product of plant chloro-
phyll, which then accumulates in the blood. When
this photoreactive compound is exposed to sunlight, it
fluoresces, causing cellular damage in nonpigmented
skin as seen in secondary or hepatogenous photosen-
sitization (Figure 9.18-9.20). As described in the
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Table 9.4 Hepatotoxic plants.

Common Name

Scientific Name

Toxin

Fiddleneck, tarweed
Rattlepod, rattlebox
Hound’s tongue
Salvation Jane®
Heliotrope
Creeping indigo
Birdsville indigo
Alsike clover
Kleingrass
Cocklebur

Amsinckia spp.
Crotolaria spp.
Cynoglossum officinale
Echium plantagineum
Heliotropium spp!
Indigofera spicata
Indigofera dominii
Trifolium hybridum
Panicum coloratum
Xanthium spp.
Senecio spp.

Pyrrolizidine alkaloids?
Pyrrolizidine alkaloids?
Pyrrolizidine alkaloids?
Pyrrolizidine alkaloids?
Pyrrolizidine alkaloids?
Indospicine*
Indospicinec

Possible mycotoxin®
Possible mycotoxin®
Carboxyactractyloside’
Pyrrolizidine alkaloids?

2 In addition to signs of liver failure, often first noted by abnormal behavior followed by weight loss, icterus,
hemoglobinuria, anemia, and photosensitization. Pyrrolizidine alkaloids are also carcinogenic, teratogenic, and

abortifacients with effects often not occurring for months after ingestion.

b Salvation Jane has been introduced into California and may become an invasive toxic plant in North America.

< Several weeks of eating indigo may also result in ataxia, depression, corneal opacity, dyspnea, and abortion.

4 Horses grazing alsike clover pastures during warm, humid weather may develop acute photosensitization of thin haired
and white-skinned areas, especially around the lips, nose, and feet, which has been referred to as “dew poisoning.”

¢ Predominantly Klein grass pasture or hay can cause hepatitis in horses and other livestock.
f Cocklebur seedlings in the coteledonary or two-leafed stage are hepatotoxic to all animals. The mature plant is not toxic.

previous section, photosensitization may also be caused
by the ingestion of plants, such as buckwheat (Fagopyrum
esculentum) or Saint John’s wort (Hypericum perforatum),
that contain photoreactive pigments but do not cause
liver damage. Because signs of secondary or hepatoge-
nous photosensitization or other clinical signs of liver
disease appear only when a majority of liver function is
destroyed, horses showing clinical signs as the result of
any plant-induced liver disease have a guarded to poor
prognosis.

9.3.3.1 Plants Causing Pyrrolizidine Alkaloid
Hepatotoxicosis

The most important plant toxins responsible for causing
secondary photosensitization, as well as other manifes-
tations of liver damage, are pyrrolizidine alkaloids (PA).
Pyrrolizidine alkaloids, the major plant hepatoxin, are
present in many of the plants listed in Table 9.4.'¢%!

Senecio Species

There are some 1,200 different species of Senecio that are
distributed throughout the world, with about 70 species
occurring in North America.*’ Approximately 25 of
these have been proven to be poisonous, but all species
of Senecio should be considered toxic unless known

Table 9.5 Toxic Senecio species in North America.

Common Names Scientific Name

Tansy ragwort, stinking Willie S. jacobaea
Lambstongue groundsel S. integerrimus
Woolly or threadleaf groundsel S. douglasii
Riddell’s ragwort S. riddellii
Groundsel S. plattensis
Broom groundsel S. spartioides
Butterweed S. glabellus
Common groundsel S. vulgaris

otherwise. The most common species responsible for
poisoning in horses in North America are listed in
Table 9.5. Senecio species have a wide overlapping geo-
graphic range, but are selective in their habitats; some
prefer high altitude, subalpine, moist conditions, while
others prefer dry, rocky, sandy soils at lower elevations.

Identification of individual Senecio species is difficult.
However, recognition of a plant as a member of the
genus Senecio can be based on the presence of a single
layer of touching, but not overlapping, greenish
bracts surrounding the flower head (Figure 9.21).
Senecio species have alternate leaves that are generally
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Figure 9.21 Senecio flower showing the characteristic single
layer of bracts surrounding the petals.

lanceolate to ovate, dentate, and often irregularly and
deeply pinnately divided. Some species are densely
covered with white hairs. The composite heads are flat-
tened terminal clusters with showy yellow ray and disk
flowers. Seeds have a dense ring of white hairs (pappus)
at one end to aid in wind distribution.

The PA concentration and thus toxicity of Senecio
species varies considerably with the stage of growth
and mature plants are the most toxic. Ridell’s ragwort
(S. ridellii)y when near maturity has been reported to
contain exceptionally high concentrations of PA (10—
18% dry weight).** Acute poisoning and death in 1-2
days has been associated with a few days’ consumption
of green Senecio plants high in PA concentration equal to
1-5% of the animal’s body weight. Chronic poisoning,
however, is more common in horses and cattle and is
usually associated with ingestion of smaller amounts of
Senecio over a period of 3 weeks or longer.” Horses
eating green tansy ragwort or stinking willie (S. jaco-
baea) (Figure 9.22) in amounts in excess of 1-2% of
their body weight develop clinical signs 20 days to 5
months later.'? This equates to a minimum cumulative
exposure for 20 days or a total dose equal to 2% of body
weight in plant dry matter.

Hound’s Tongue

Hound’s tongue (Cynoglossum officinale) is a PA-contain-
ing common biennial weed of cultivated and waste
areas that grows up to 3 feet (1 m) tall with alternate
tongue-shaped, hairy basal leaves up to 20 inches
(0.5m) long (Figure 9.23). The upper leaves are

Figure 9.22 Tansy ragwort or stinking willie (Senecio jacobaea).

lanceolate and sessile. The flowers are small, regular,
reddish purple, and produced on terminal racemes. The
fruits separate into 4 brown nutlets at maturity which
are covered with hooked barbs that readily attach to
animal hair and aid in their dispersal. Hound'’s tongue
contains the PA heliosupine and echinatine with the
greatest concentration (2.1% dry weight) in the pre-
flowering rosette stage.** Although reduced in quantity,
the alkaloids remain in the dried plant.

Fiddleneck

Fiddleneck or tarweed (Amsinckia intermedia) is an erect,
sparsely branched annual weed that grows up to 3 feet
(1m) tall and is covered with numerous, fine white
hairs. Leaves are hairy, lanceolate, and alternate. The
perfect five-parted, small, orange to yellow flowers are
borne terminally on a characteristic fiddleneck-shaped
raceme, with the flowers all inserted on one side of the
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Figure 9.23 First-year growth or rosette stage of hound’s
tongue (Cynoglossum officinale). Inset shows flowers and fruits.

axis (Figure 9.24). Mature fruits separate into 2—4 black-
ridged nutlets.

Horses, cattle, and pigs have been poisoned by eating
fiddleneck plants, especially the seeds.* The symptoms
and lesions in all species of animals poisoned consist of
liver necrosis and fibrosis characteristic of PA toxicity.
Amsinckia species have also been reported to accumulate
levels of nitrate potentially toxic to ruminants but
probably not to horses.

Rattlebox or rattlepod (Crotalaria spp.) are erect, her-
baceous, variably hairy plants that may be annuals or
perennials. The leaves are simple, alternate, lanceolate
to obovate, with a finely haired undersurface. The
flowers are yellow, with the leguminous calyx longer
than the corolla (Figure 9.25). The fruit is a leguminous
pod, inflated, hairless, becoming black with maturity,
and containing 10-20 glossy, black, heart or boxing

Figure 9.24 Fiddleneck or tarweed (Amsinckia intermedia)
showing its characteristic fiddleneck shape of the
inflorescence.

glove-shaped seeds, which often detach and rattle
within the pod. Several species of Crotalaria have been
associated with livestock poisoning, including C. sagittalis,
C. spectabilis, and C. retusa.

Crotalaria species contain PA, the most notable of
which is monocrotaline.*' The alkaloid is present in
greatest quantity in the seeds, lesser amounts being pre-
sent in the leaves and stems. All livestock, including
domestic fowl, are susceptible to poisoning.** Although
acute deaths will occur from eating large quantities of
Crotalaria seeds or plants, more often, as with other PA-
containing plants, clinical signs develop from a few days
to up to 6 months later.

Toxicity of Pyrrolizidine Alkaloids

Variations in the PA content of plants, the quantity
eaten, and susceptibility of individual animal species
result in a wide severity of PA poisoning in animals.
Flowers tend to contain the greatest amount of the
alkaloid, although seeds of rattlebox or rattlepod, fiddle-
neck, and tarweed contain high levels of PA.'47
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Figure 9.25 Rattlebox or rattlepod (Crotalaria spectabilis)
showing the pea-like flowers and seed pods.

Pigs are most susceptible to PA, followed by poultry,
cattle, horses, goats, and sheep.**” Sheep can eat
approximately 20 times the amount of Senecio it would
take to poison a cow on an equivalent body weight
basis. Horses show about the same susceptibility to pyr-
rolizidine toxicosis as do cattle.*'*® The chronic lethal
dose of dried tansy ragwort (S. jacobaea) in cattle is only
0.02-0.05mg/kg body weight fed over several months.*!
This would equate to a 1000-1b (450-kg) horse eating
about 5% of its body weight in green tansy ragwort over
a period of 1-3 months.

Fortunately, herbivores will not readily eat plants
containing PA unless they are forced to do so with lack
of other feed. However, the dried plants which have
only a minimal reduction in their alkaloid content are
more palatable making them a particular risk when pre-
sent in hay.*” Although acute poisoning and death can
occur after a few days’ consumption of plants high in
PA, chronic poisoning is more common. The effects of

PA are cumulative, so symptoms of liver disease and
photosensitization may not appear for many months
after animals have eaten toxic quantities of PA-containing
plants. This makes identification of the suspected
poisonous plants difficult, since the plants will often not
be present in the pasture or hay when clinical signs
become evident in the horse.

Pyrrolidizine alkaloids are readily absorbed from the
digestive tract of horses and are converted in the liver to
toxic pyrroles and possibly other reactive metabo-
lites.*147051 Large doses of pyrroles bind to cellular pro-
teins, causing rapid cell death. Chronic low-level
exposure to pyrroles allows binding to the endoplasmic
reticulum, which inhibits mitosis and replication of
hepatocytes. As a result, the liver typically responds
with megalocytosis, bile duct hyperplasia, and fibrosis.*°
Similar cellular damage may also occur in the kidneys,
intestinal tract, and lungs.*”>° Pyrrolizidine alkaloids are
also carcinogenic, teratogenic, and abortifacient.!®
Although secretion of PA in mare’s milk has not been
established, there is potential risk to the suckling foal, as
PA has been shown to be present in small quantities in
the milk of cows and goats fed tansy ragwort (Senecio
jacobaea).>*>*

Clinical Signs of Pyrrolizidine Alkaloid Hepatotoxicosis
Acute PA poisoning occurs occasionally in horses that
ingest large amounts of alkaloid-containing plants over
a few days. Affected animals may show only depression,
coma, and death as a result of acute hemorrhagic
necrosis of the liver.

Chronic PA poisoning, which is more common, is
characterized by irreversible liver disease clinically
manifested by one or more of the following clinical
signs: weight loss, nervous system signs, icterus, anemia,
hemoglobinuria, and photosensitization.**#+>*>7 Nervous
system signs with hepatic encephalopathy are often the
first clinical indication of PA poisoning and may include
drowsiness, head pressing, blindness, aimless wander-
ing or “walking disease,” frequent yawning, and inces-
sant licking of objects.>**® The nervous system signs of
PA poisoning are attributed to the liver’s failure to
detoxify various metabolic products such as ammonia
and its failure to maintain a normal balance of branched
chain and aromatic amino acids that affects brain
neurotransmission.*® A small percentage of horses with
PA poisoning may present with inspiratory dyspnea
with no obvious anatomic cause if eating Crotolaria
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species.’>® In such cases, the horse should be examined
carefully for liver failure. Hemolysis with hemoglobin-
uria occurs occasionally in horses, possibly as the result
of toxins accumulating in the blood as a consequence of
liver failure.”> Photosensitization may occur in some
horses (Figures 9.18-9.20). In these horses, severe der-
matitis develops when horses are exposed to sunlight
from the liver’s failure to metabolize phylloerythrin, a
photoreactive byproduct of chlorophyll breakdown.
The pathogenesis of photosensitization is described ear-
lier in this chapter in the section on primary
photodermatitis.

Diagnosis of Pyrrolizidine Alkaloid Hepatotoxicosis
Pyrrolizidine alkaloid poisoning is usually not sus-
pected and, therefore, not detected until severe liver
damage has occurred and clinical signs of liver failure
are evident. Elevations in serum activities of gamma
glutamyl transpeptidase (GGT) and sorbitol dehydro-
genase are indicative of active liver necrosis.®!** Gamma
glutamyl transpeptidase is an especially useful indicator
of PA-induced liver disease because it remains elevated
in the presence of active liver necrosis and biliary
hyperplasia significantly longer than other liver
enzymes.®'*> The measurement of GGT activity is
therefore beneficial for detecting asymptomatic liver
disease that may or may not progress to fatal liver
failure.®®> Elevated serum bile acid concentration may
also be indicative of severe liver disease.** Liver function
tests and activities of various liver enzymes can be mea-
sured, but they give no indication as to the cause of
liver damage.*’

Elevated blood ammonia concentrations are a consis-
tent finding in horses exhibiting signs of hepatic enceph-
alopathy.*® Changes in the ratio of serum branched
chain amino acids (leucine, isoleucine, valine) to
aromatic amino acids (phenylalanine and tyrosine)
correlate with the severity of liver disease and may be
useful for the prognosis and treatment of PA poisoning
in horses.**¢' A decline in this ratio, measured at
monthly intervals, is indicative of a progressive decrease
in liver function. Ratios of 2.0 or less indicate a high
probability of the horse developing liver failure and
encephalopathy.®® The ability to detect sulfur-bound
pyrrolic metabolites on hemoglobin using thin layer
chromatography or high pressure liquid chromatography
offers a promising and specific means of detecting and
monitoring exposed animals.®¢

At the present time, the only widely available and
reliable means of confirming PA-induced liver failure is
histopathologic examination of a liver biopsy or section
of the liver obtained at necropsy. The presence of hepa-
tomegalocytosis, biliary hyperplasia, and fibrosis are
diagnostic for PA toxicosis. The only other disease to
mimic this triad of histopathologic findings is aflatoxicosis,
which occurs when horses eat moldy grains containing
aflatoxins and it is uncommon in horse.*’

Treatment of Pyrrolizidine Alkaloid Hepatotoxicosis

Intravenous administration of electrolyte-containing
fluids with glucose may be necessary in severely affected
animals. Dietary supplementation of branched chain
amino acids (leucine, isoleucine, and valine) may result
in clinical improvement by helping to restore the ratio
of branched chain to aromatic amino acids and thus
influencing the levels of false neurotransmitters.®!

However the use of vitamin B_, cysteine, and hydroxy-
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anisole in an attempt to increase liver sulthydryl conju-
gation of PA in horses did not provide any protective
effect.®® A guarded to poor prognosis is warranted in all
confirmed cases of PA poisoning.

Animals showing signs of photosensitization should
be provided shelter from the sun and preferably kept
stalled completely out of sunlight. Sunlight through
glass will not induce photosensitization as it blocks ultra-
violet rays. Gentle daily cleaning of the affected skin
with a mild organic iodine antiseptic solution will aid in
the healing process. Antibiotics may be indicated in cases
where there is severe secondary bacterial dermatitis.

9.3.3.2 Non-Pyrrolizidine Alkaloid Hepatotoxic
Plants
Indigo
Creeping indigo (Indigofera spicata) is a legume that was
introduced into southern Florida where it has become
well established. It causes a fatal neurologic disease
resulting from liver failure.®® “Grove poisoning,” origi-
nally thought to be due to chemicals used in the citrus
industry is now known to be due to horses’ eating
creeping indigo.® In Australia, a similar disease of horses
and other livestock referred to as “Birdsville disease” is
caused by Birdsville indigo (Indigofera dominii).”
Creeping indigo is a prostrate plant of tropical and
subtropical areas with many branched runners fanning
out from the crown of a white tapering taproot that may
be up to 3 feet (1 m) in length. The stems are usually pale
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Figure 9.26 Creeping indigo (Indigofera
spicata) young flowering plant showing
prostrate form.

Table 9.6 Protein, sulfur-containing amino acid, and arginine content of horse feeds.**’

% Protein in % Cysteine + % Cysteine + % Arginine % Arginine in
Air Dried Feed Methionine in Methionine in Air Dry Feed Feed Protein®
Air Dried Feed Feed Protein®
Alfalfa 17 0.52 3.1 0.73 43
Corn 9 0.18 2.0 0.45 5.0
Cottonseed meal 41 1.5 3.7 4.25 10.4
Fish meal 61-66 2.7-3.2 45-4.8 4.0-4.5 6.5-6.8
Grain, small 11-13 0.3-0.45 3.0-35 0.5-0.8 4.6-6.6
Peanut meal 47 1.0 2.1 5.9 12.5
Rapeseed meal 41 1.5 3.7 1.9 4.7
Soybean meal 46 1.3 2.8 3.2 7.0
Sunflower seed meal 47 2.2 4.7 3.5 7.5
Wheat bran 16 0.4 2.5 1.0 6.2
Yeast, brewer’s 45 1.2 2.7 2.2 4.9

2 The percentage of cysteine and methionine content is most important value to consider in selecting a feed that is high in these two amino

acids. It is calculated as [amino acids (%)/protein (%)] in the feed.

green with alternate pinnate leaves, and alternate ovate
leaflets on a short petiole (Figure 9.26). The pink to dark
red flowers are produced on short spikes from the leaf
axils. The pointed seed pods are produced in downward-
pointing clusters. The plant is a prolific seed producer
and tends therefore to be capable of spreading readily.
The hepatotoxic amino acid indospicine is present in
various Indigofera species.”’ Leaves may contain from
0.1-0.5% of this toxin in dry weight and the seeds
contain as much as 2.0%.72 Horses apparently find the

plant highly palatable and seek it out. The toxin acts as
a specific antagonist of the amino acid arginine and is
therefore an inhibitor of protein synthesis.”"”> Horses
fed sufficient peanut meal or cottonseed meal, both of
which are rich in arginine, are protected from the effects
of indospicine.”™ Arginine constitutes 10-12% of the
protein in these two protein supplements as compared
to 4-7% in other horse feeds (Table 9.6).

After consuming creeping indigo for several weeks,
affected horses develop incoordination, ataxia, difficulty
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in turning, and inability to walk in a straight line, even-
tually collapsing.®® They become severely depressed,
lose weight, and have been reported to develop corneal
opacity and respiratory difficulty. Pregnant mares may
abort. Death results from liver necrosis and nodular
fibrosis. Animals eating meat from horses that have
been poisoned by creeping indigo may also suffer sim-
ilar fatal poisoning.”

Alsike Clover and Kleingrass
Occasionally, horses grazing alsike clover (Trifolium
hybridum) during wet or humid weather develop a pho-
tosensitivity and hepatitis referred to as trifoliosis.!27¢77
A similar condition may also occur in horses or sheep
grazing kleingrass (Panicum coloratum and P. dichotomiflo-
rum) pastures during wet or humid weather.”#8°
The toxin responsible for either trifoliosis or kleingrass
poisoning has not been identified, but the sporadic
nature of the diseases and their occurrence only during
wet humid weather suggests that mycotoxins or plant
metabolites produced under humid, high-moisture
growth conditions may be responsible.””7881-82

Affected horses on alsike clover pasture characteristi-
cally develop an acute photosensitization involving
thinly haired and white-skinned areas, especially
around the lips, nose, and feet (see Figs 9.18-9.20). The
condition has been referred to as “dew poisoning”
because there is an association between the location of
the dermatitis and contact with moisture on dew-laden
clover pasture.'? Affected horses may exhibit icterus and

other signs of liver disease including elevations in serum

liver enzymes. In such cases, there may be significant
hepatomegaly and histopathologic evidence of liver
degeneration. Horses generally recover rapidly from
photosensitization if they are removed from the toxic
pasture. Horses may graze the pasture again without
problem under different growing conditions in sub-
sequent years or after the pasture dries out.

Lantana

Although rarely reported as a problem in horses,
Lantana (Lantana camara) or red sage are commonly
planted as ornamentals and escape readily to become
invasive weeds. Prostrate or upright, branching shrubs
with pungent, opposite or whorled leaves, Lantana
species are grown for their showy, flat-topped heads of
variably colored flowers (Figure 9.27). The round fruits
turn shiny black when ripe. The toxins have been iden-
tified as triterpenoid lantadenes. If Lantana foliage is
consumed by horses and other livestock over a period of
weeks, the lantadenes cause cumulative damage to bile
canaliculi that results in obstruction of the bile ducts and
cholestasis. The chronic hepatitis ultimately causes
icterus, weight loss, and secondary photosensitization.®>5

9.4 Neurologic Disease-Inducing
Plants

Behavioral alterations, blindness, inability to prehend
and chew food, ataxia, depression, convulsions, and
other physical abnormalities are all indicators of

Figure 9.27 Lantana (Lantana camara)
showing the flowers and ripe fruits.
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Table 9.7 Protein, sulfur-containing amino acid, and arginine content of horse feeds.?*’

% Protein in % Cysteine % Cysteine % Arginine % Arginine in
Air Dried Feed + Methionine + Methionine Air Dry Feed Feed Protein®
in Air Dried Feed in Feed Protein®
Alfalfa 17 0.52 3.1 0.73 4.3
Corn 9 0.18 2.0 0.45 5.0
Cottonseed meal 41 1.5 3.7 4.25 10.4
Fish meal 61-66 2.7-3.2 45-4.8 4.0-4.5 6.5-6.8
Grain, small 11-13 0.3-0.45 3.0-3.5 0.5-0.8 4.6-6.6
Peanut meal 47 1.0 2.1 5.9 12.5
Rapeseed meal 41 1.5 3.7 1.9 4.7
Soybean meal 46 1.3 2.8 3.2 7.0
Sunflower seed meal 47 2.2 4.7 3.5 7.5
Wheat bran 16 0.4 2.5 1.0 6.2
Yeast, brewer’s 45 1.2 2.7 2.2 4.9

2 The percentage of cysteine and methionine content is most important value to consider in selecting a feed that is high in these two amino

acids. It is calculated as [amino acids (%)/protein (%)] in the feed.

nervous system disorders. The brain, spinal cord, and
peripheral nervous systems are susceptible to a variety
of infectious, toxic, and congenital diseases that are
often indistinguishable clinically. A variety of plants that
grow throughout North America are known to produce
neurologic abnormalities in horses and, therefore,
should be considered in the differential diagnosis of
nervous system disorders. These plants, along with the
major clinical signs that they cause in horses, are listed
in Table 9.7.

9.4.1 Sagebrush

The sagebrushes (Artemisia spp.) of the western United
States are perennials ranging from the woody stemmed
3-10 feet (1-3m) tall big sagebrush (A. tridentata) to the
smaller sand sage (A. filifolia) (Figure 9.28) and the
low-growing fringed sage (A. frigida) (Figure 9.29).
Considerable variation exists in the 200 or more species
of sagebrush. Leaves are usually alternate, covered with
very fine hairs that give the leaves a silvery green
appearance, and when crushed give the characteristic
smell of sage. Flowers are usually inconspicuous and
born on panicles from the leaf axils.

The toxins in sagebrush are volatile terpenoid oils,
which vary considerably in quantity depending on
growing conditions and season and are highest in the
fall and winter months.#%% Sand sage (A. fiifolia),

common in the sandy soils along the eastern side of the
Rocky Mountains and south into Mexico, has been
associated with a syndrome in horses called “sage
sickness.”®” Budsage (A. spinescens) has been reported to
cause similar problems in California and Nevada.®*%
The author has encountered a neurologic syndrome of
horses that were wintered on an overgrazed range
in Colorado where fringed sage (A. frigida) was the
predominant forage available.®

Although the actual toxin that causes sage sickness
has not been defined, some monoterpenes present in
Artemisia species are known to be neurotoxins. Thujone,
a monoterpene present in wormwood (A. absinthium),
has been associated with a neurologic syndrome in
people who chronically consume absinthe, an alcoholic
beverage produced from wormwood.”® A similar toxi-
cosis is presumed to develop in horses that consume a
sufficient quantity of sage.

Horses develop neurologic signs after they are forced
to eat sagebrush because other forages are depleted or
unavailable either as a result of deep snow cover or pas-
ture overgrazing. After eating sage for several days,
horses suddenly exhibit abnormal behavior character-
ized by ataxia and a tendency to fall down or react
abnormally to stimuli that would not normally have
elicited such a response. Tying an affected horse to a
fence, for example, will cause the animal to pull back
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Figure 9.29 Fringed sage (Artemisia frigida).

violently, eventually throwing itself to the ground in
panic. If left undisturbed, the animal will recover and act
relatively normal. Ataxia is particularly noticeable in the
forequarters, with the hindquarters seemingly normal.
Some animals may circle incessantly; others may
become excitable and unpredictable. The characteristic
smell of sage is often noticeable on the breath and in
the feces. Sage-poisoned horses maintain appetite
and have normal temperature, pulse, and respiration.
It is the author’s observation that the clinical signs
closely resemble those of a horse that has been poisoned
by locoweed.®” However, unlike “locoed” horses that
have a poor prognosis for recovery, “saged” horses tend
to recover in 1-2 weeks after they stop eating sage and

Figure 9.28 Sand sage (Artemisia filifolia).

are fed a nutritious diet. Supportive therapy, including
protection from extreme climatic conditions will aid in
recovery. Affected horses should not be ridden until
fully recovered and evaluated for normal behavior and
neurologic function.

Histopathologic lesions in sage-sick horses are a
nonspecific degenerative toxic encephalopathy evident
in severely affected cases as intraneuronal pigment
accumulation and degeneration, especially in the
medulla, brain stem, and cerebellum.®

9.4.2 Locoweeds and Milkvetches

At least 375 species of locoweed and milkvetch
(Astragalus and Oxytropis spp.) occur in North America,
many of which are known to cause severe poisoning of
livestock.*#” Taxonomically it is difficult to identify
individual species, even by an experienced botanist.
The genus Oxytropis, which like many Astragalus spp. is
also commonly called locoweed, is a closely related
genus and produces identical locoism in horses, cattle,
sheep, and elk.”-** However, not all species of Astragalus
and Oxytropis are toxic and some are useful forage
plants.

Astragalus spp. are perennial legumes growing to a
height of 3 feet (1 m) with branching stems from a stout
crown and extensive taproot. The leaves are alternate
and pinnately compound, with each leaflet being
elliptical or oval and minutely hairy. The white to purple
pea-like flowers are produced in racemes at the ends of
the branches depending on the species. The leguminous
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Figure 9.30 Locoweed (Astragalus
molissimus) showing the typical flowers,
leaves, and pea-like seed pods.

seed pods vary considerably in shape and contain many
bean-shaped seeds (Figure 9.30).

Oxytropis species differ from Astragalus in that their
hairy leaves and flower stems arise directly from the
taproot crown. The leaves are pinnately compound with
each having a single apical elliptical leaflet. The flowers
are either white (O. sericea) or purple (O. lambertii) and
have a characteristic pointed keel (Figures 9.31 and 9.32).

Locoism, blind staggers, alkali disease, and a syndrome
characterized by respiratory difficulty and ataxia have all
been attributed to species of Astragalus and Oxytropis.8*+%7
Three distinct syndromes are recognized by virtue of the
different toxins that various species of these plants may
accumulate.”*® Astragalus species can be categorized into
the locoweeds that contain indolizidine alkaloids (swain-
sonine), milkvetches that contain nitroglycosides (mise-
rotoxin) and milkvetches that, as discussed in the section
in this chapter on lameness, accumulate toxic amounts
of selenium.’”® Some species may contain more than
one toxin and consequently can cause a combination of
clinical signs in affected animals.®*°

9.4.2.1 Locoweed Neurotoxicosis

Locoism results from the cumulative effects of the indol-
izidine alkaloid swainsonine, named after its isolation
from various species of Swainsona (Darling pea) in
Australia. It has subsequently been demonstrated in
Astragalus lentiginosus, A. mollisimus, and A. bisulcatus
amongst others, and Oxytropis lambertii and 0. sericea in
North America.?®!%°-1% Current research has shown that

swainsonine is not produced by the plants directly and
it is a product of an endophytic fungus (Embellisia spp.)
that grows in the locoweed.®'** This symbiotic relation-

ship between the plant and the endophyte causes no
apparent harm to the plant and may assist in its
adaptation to adverse conditions.

Signs of poisoning do not become evident until animals
have consumed significant quantities of locoweed over
many weeks and the toxic threshold is reached.'”> Some
horses develop a preference for locoweed, especially
when it is blooming. Young animals are most severely
affected, as maturing neurons are more vulnerable to the
effects of the toxin. Swainsonine inhibits the action of
two lysosomal enzymes that aid in the metabolism of
saccharides. The inhibition of alpha-mannosidase causes
cells to accumulate oligosaccharides, which interferes
with normal cell function. The second enzyme, golgi
mannosidase II, when inhibited, affects the normal
structure of oligosaccharide components of glycopro-
teins.!1% In effect, swainsonine causes a generalized
lysosomal storage disease, eventually causing irreversible
neuronal damage similar to mannosidosis.'®

Clinical Signs of Locoism

Horses with locoism will show a variety of signs
including changes in behavior, ataxia, high stepping
gait, head bobbing, marked excitement, and overreac-
tion to various stimuli. Some horses become totally
unpredictable in their response to normal handling and
may fall down when being haltered or ridden.”*!*2
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Figure 9.31 White locoweed (Oxytropis sericea).

When left undisturbed, horses are depressed and may
appear asleep. Weight loss is progressive due to the ani-
mal’s impaired ability to prehend food. If removed from
locoweed and fed a nutritious diet, horses will show
some improvement and appear relatively normal after
several months. However, if the horse has been chroni-
cally affected by locoism, then the animal will only
partially recover and will remain a liability for human
safety. The prognosis for locoed horses therefore is
always poor. Pregnant mares that consume quantities of
wooly loco (A. mollisimus) (Figs 9.20-9.30) in early
gestation may produce foals with various limb

Figure 9.32 Purple locoweed (Oxytropis lambertii).

deformities.?* The teratogenic effects of locoweeds are dis-
cussed further in Section 9.19 on teratogenic plants.

Diagnosis of Locoism

Locoweed poisoning should be suspected when horses
exhibit abnormal behavior and there is evidence that
they have been eating locoweed. Horses that have been
recently eating locoweed may have peripheral blood
lymphocytes with cytoplasmic vacuoles that are diag-
nostic.31971%¢ At postmortem examination, there are no
gross pathognomonic lesions. Emaciation, occasional
stomach ulcers, thyroid hypertrophy, and pale color of
the liver and kidneys have been reported.”> In acute
poisoning of horses exhibiting neurologic signs, severe
cytoplasmic vacuolation of neurons in the brain is
characteristic. Similar vacuolation is often present in the
pituitary gland, thyroid, pancreas, kidneys, liver, and
other exocrine glands.”? In horses that are chronically
affected and have not eaten locoweed for more than a
month, vacuolation is restricted to hepatocytes and
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neurons of the brain. Purkinje cells of the cerebellum
retain vacuoles for over a year and there is noticeable
loss of these cells with time, which would account
for the residual neurologic abnormalities typical of
locoweed poisoning in horses.”?

Treatment of Locoism

There is no proven effective treatment for locoweed poi-
soning in horses. Further access to the plants should be
prevented immediately and thereafter, as horses may
retain a preference for the plants in subsequent years.
Early recommendations of treatment with Fowler’s
solution and reserpine are unwarranted in light of the
current knowledge of locoweed poisoning.*

9.4.3 Milkvetch Neurotoxicosis
Nitroglycosides or nitrotoxins have been demonstrated
in some 263 species of milkvetch (Astragalus spp.). These
plants are found growing in vast areas of rangelands in
the western United States, Canada, and northern
Mexico,'?” and have been associated with severe live-
stock losses.!'*!12 Horses, although not frequently
affected, are susceptible to poisoning by nitrotoxins.!!!
Nitrotoxin-containing Astragalus contains at least two
toxic compounds: 3-nitro-1-propanol (miserotoxin)
and 3-nitro-propionic acid.!'? These toxins, once
absorbed from the digestive tract, act primarily on the
respiratory and central nervous systems, initially caus-
ing depression, incoordination, and hindleg weakness.
Difficulty breathing, weight loss, and paralysis of the
hindquarters develop as the animal continues to eat
milkvetch. Animals appear to recover if they are
removed from the source of the plants before neurologic
signs become severe.

9.4.4 Yellow Star Thistle and Russian
Knapweed

Horses that eat yellow star thistle (Centaurea solstitialis)
or Russian knapweed (Acroptilon repens) for prolonged
periods develop an irreversible brain disease character-
ized by weight loss caused by the inability of the horse
to prehend and chew its food.!">-!1¢ It is characterized by
necrosis of the globus pallidus and substantia nigra
(nigropallidal encephalomalacia). This irreversible brain
damage destroys the horse’s ability to prehend and mas-
ticate food. The disease is unique to the horse and has
been reported in only those areas of the western United
States, Australia, and Argentina where these plants

are abundant.!'”!!8 Cattle and sheep appear to be able
to eat both yellow star thistle and Russian knapweed
without problem.

Yellow star thistle originated in the Mediterranean
region. It has become extensively established in
California and has spread through the southern states to
the Atlantic coast. It is an annual weed, with multiple
branching stems growing to 3 feet (1m) in height. The
stems have longitudinal wings or ridges formed by the
downward extension of the leaf bases. The basal leaves
are markedly lobed with linear stem leaves covered
with fine white hairs. The characteristic, star-like yellow
flowers are produced at the ends of branches and
protected by bracts with long spines (Figure 9.33).
The seeds have a terminal tuft of whitish hairs.

Russian knapweed was introduced from Russia and
has become a noxious weed in many Rocky Mountain
states. It is a perennial with woody stems up to 3 feet
(1m) tall and invasive, branching underground stems.
The name knapweed is derived from the grey hairs,
or knap, that cover the leaves and stems, giving the
plant a gray-green appearance. The stems branch
terminally and end in a purple thistle-like flower
(Figure 9.34). The bracts are papery white and lack the
stiff long spines seen in yellow star thistle. The seed heads
tend to remain closed and do not shed the seeds readily.

The specific toxin that causes localized destruction of the
globus pallidus and substantia nigra of the brain has not
been identified in either yellow star thistle or Russian
knapweed. However, a sesquiterpene lactone, repin, found
in Russian knapweed has been shown to have specific tox-
icity toward chick embryo neurons. Repin may therefore
be the toxin that is responsible for the effects found in the
brain of horses poisoned by Russian knapweed and yellow
star thistle. In addition, yellow star thistle has also been
shown to contain the potent neurotoxins aspartic and
glutamic acid that may contribute to the pathogenesis.'"’

Horses must consume large quantities of green or
dried plants for extended periods of time before the toxic
threshold is reached and clinical signs abruptly appear.
Horses have to consume an amount of green Russian
knapweed or yellow star thistle equal to 59-71% and
86-200% of their body weight, respectively, before
clinical signs develop. This indicates that Russian knap-
weed is apparently the more toxic of the two species.
Horses can develop a preference for the plants and will
eat them even in the mature spiny state. In California,
there are two times of the year, from June-July and
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October—-November, when yellow star thistle poisoning
is most prevalent, suggesting some seasonal variation in
palatability or toxin content of the plants.!'!’

The pathogenesis of the disease apparently involves
the initial release of the neurotransmitter dopamine
from the substantia nigra and its subsequent depletion
once the nigrostriatal cells are destroyed.!'” The result-
ing dopamine deficiency causes hypertonicity of the
muscles innervated by the trigeminal, facial, and
hypoglossal cranial nerves producing the clinical signs.

Clinical signs are not apparent until a toxic threshold
is reached, at which time signs occur suddenly in
association with the development of lesions in the brain.
Initially, affected horses exhibit hypertonicity of muzzle
and lip muscles so that the mouth is held open with
the incisors exposed and the tongue hanging out.
Continuous movements of the tongue and hypertonicity
of the lips may cause frothing of saliva as the horse tries
to eat. Some horses may wander about with their lips
brushing through the grass, which to the unobservant,
could be mistaken for normal grazing. If offered hay, the
horse will attempt to scoop up hay and hold it in its
mouth but normal prehension and mastication are
severely impaired. Swallowing, however, is unaffected
and some less severely affected horses may learn to sub-
merge their heads far enough into a deep trough of
water to allow water to reach the pharyngeal area and
be swallowed. Some affected horses appear depressed
and, if the lesions in the brain affect one side more than
the other, the lips may be pulled to one side and they

Figure 9.33 Yellow star thistle (Centaurea
solstitialis) showing the long spiny bracts
surrounding the flowers.

Figure 9.34 Russian knapweed (Acroptilon repens) with spineless
papery bracts surrounding the purple thistle-like flowers.

may circle in one direction. Other abnormal behaviors
may include violent head tossing and excessive yawn-
ing. Weight loss becomes severe as the horse is unable to
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eat. If not euthanized, affected horses eventually die
from starvation and/or aspiration pneumonia.

There is no effective treatment as the atfected areas in
the brain undergo liquefactive necrosis and do not
regenerate. Affected horses may be kept alive by admin-
istering water, electrolytes, and a high-energy liquid
diet through a nasogastric tube or an esophagostomy as
described in Chapter 3. Euthanasia of affected horses is
eventually necessary because of the debilitating and
irreversible effects of the brain lesions.

9.4.5 Horsetail

Horsetail, marestail, horserush, or snake grass are
common names given to members of the genus
Equisetum, of which E. arvense is the most common.
Horses are rarely poisoned by horsetail today, but
reports 30-40 years ago indicate that plants in hay were
a problem.'? Hay containing 20% horsetail fed to horses
for over 2 weeks caused neurologic signs.!?* Successful
treatment of the affected horses with thiamin hydro-
chloride (vitamin B1) indicated that the primary toxin
in horsetail was a thiaminase.'?® Although a variety of
other substances have been identified including silica,
various alkaloids, and organic acids, the primary toxin
effects appear to be related to horsetail’s antithiamin
properties.!?

Horsetails are perennial rush-like plants with
characteristic jointed hollow stems arising from an
extensive underground root system. The plant appears
leafless but has small scale-like leaves with black tips
that surround the stem at each node. The plants repro-
duce by spores produced in a cone-like structure at the
ends of the stems. Horsetails also produce sterile much-
branched stems (Figure 9.35). Found throughout North
America, the plants prefer wet soils and tend to form
dense stands.

Affected horses show signs of weakness, depression,
and ataxia, especially of the hindquarters. Other signs
that have been associated with horsetail poisoning
include diarrhea, constipation, muscle tremors, and
corneal opacity.'? A diagnosis of horsetail poisoning is
generally based upon the presence of significant quan-
tities of the plant (20% or more) in the hay being fed
and the animal’s response to the administration of large
doses of thiamin hydrochloride (5-10mg/kg).*® Thiamin
should be diluted in a liter of isotonic saline and given
slowly intravenously to avoid adverse reactions.
Intravenous 5% glucose may also be beneficial. Thiamin

Figure 9.35 Horsetail, marestail, horserush, or snake grass
(Equisetum hymale) with spore-producing heads.

should be administered intramuscularly once daily for
an additional 5-7 days.

9.4.6 White Snakeroot and Crofton, Jimmy,
or Burrow Weeds
White snakeroot or richweed (Eupatorium rugosum) has
been known for many years to cause “trembles” in
horses and other livestock and milk sickness in people
who drink the milk from cows that have eaten white
snakeroot.*”!2'"12* Sporadic cases of white snakeroot poi-
soning occur in horses allowed access to the plant or
when it is present in their hay. “Trembles” is also encoun-
tered in horses and other livestock that eat Jimmyweed
or rayless goldenrod (Haplopappus heterophyllus) and
burrow weed (H. tenuisectus), which grows in the
southwestern United States and northern Mexico.'?*!#
White snakeroot is an erect perennial growing about
5 feet (1.5m) tall and having opposite ovate leaves with
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Figure 9.36 White snakeroot or richweed (Eupatorium rugosum).

markedly toothed edges (Figure 9.36). Flowers are
white and produced terminally in clusters of 20-30
small 5-petaled flowers (3—5mm) across. The seeds con-
tain white hairs at one end that aid in wind distribution.
The plant prefers to grow in moist wooded areas from
Minnesota south to eastern Texas and all of the eastern
states.

The principal toxin in white snakeroot is tremetol, a
fat-soluble higher alcohol.'?*!2>12¢ Jimmyweed, burrow
weed, and Crofton weed (Eupatorium adenophorum) also
contain tremetol and cause poisoning in horses.!?*!#
The toxin is present in greatest quantity in the mature
plant, particularly the leaves, and persists in frozen and
dried leaves.'?” Tremetol is a cumulative toxin in ani-
mals; consequently, the amount consumed at any one
time is not critical.'?” Small doses over a period of time
will produce poisoning. An amount of green plant
equal to 1-10% of body weight is potentially lethal to
horses and other animals. Tremetol is readily soluble in
fat and excreted in milk, which is the primary means
that nursing animals and infants are poisoned.
Nonlactating animals tend to show more severe signs of
poisoning since tremetol cannot be excreted except by
lactation.

When sufficient tremetol accumulates in the body,
muscle tremors occur as the name “trembles” implies. In
addition, horses may present with difficulty swallowing,
excessive salivation, and the appearance of being
choked. Depression, patchy sweating, ataxia, greenish
discharge from the nostrils, and death within a few days
after the onset of clinical signs have been reported in

horses poisoned with white snakeroot.'?”!?® Other dis-
eases that can resemble white snakeroot poisoning
include botulism, rabies, lead poisoning, and esophageal
obstruction. The most significant necropsy finding is
patchy myocarditis and fibrosis that may be severe
enough to be the cause of death.

There is no specific antidote to tremetol. Affected
horses should be removed immediately from pastures or
hay that contain white snakeroot or other tremetol-
containing plants. Laxatives, including mineral oil (1
gallon/10001b or 4L/450kg horse) or activated charcoal
(11b/10001b or 0.5kg/500kg horse) with a saline
cathartic, should be given orally to help prevent further
absorption of the toxin. Mares should be hand milked
frequently to help remove the toxin from the body.
Foals should be removed immediately from affected
mares to prevent further intake of toxic milk.

9.4.7 Bracken Fern

Bracken fern (Pteridium aquilinum) is found throughout
the world and has been associated with poisoning in
cattle, sheep, and horses whenever they are deprived of
adequate normal forage. Poisoning has been reported
most frequently in cattle in England and Europe and is
relatively uncommon in horses. In North America,
bracken fern poisoning is most common in the
northwest.'!? Sensitive fern (Onoclea sensiblis) has also
occasionally been reported to cause poisoning in horses.

Bracken fern is a common perennial fern of wood-
lands and grows from an underground, dark brown,
branching rhizome. Fronds emerge directly from the
rhizome and may be up to 6.5 feet (2m) in height. The
overall leaf shape is triangular with each leaflet having
curved-under edges (Figure 9.37). Spores are produced
on the underside of the leaflets and appear as brown
dots lining the leaf edge.

The toxic principle in bracken fern that causes disease
in horses is a thiaminase enzyme that destroys thiamin
and thus causes a thiamin (vitamin B1) deficiency.!?*13°
Horses have to consume a diet containing 30-50%
bracken fern for at least 30 days before clinical signs
appear.'*! The rhizome is most toxic and the leaves are
poisonous whether green or dried.

Bracken fern poisoning in cattle differs from that in
horses in that cattle develop a fatal aplastic anemia with
bone marrow depression, thrombocytopenia, and clini-
cally evident as a hemorrhagic syndrome, hematuria,
and anemia. Neoplasia of the upper digestive tract and
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urinary bladder are often encountered.!*? The carcino-
genic compound in bracken fern has been identified as
ptaquiloside that causes urinary bladder and intestinal
tumors in cattle, other animals, and humans.**!>* Sheep
develop retinal degeneration and blindness due to
bracken fern poisoning. Retinal degeneration and
carcinogenesis have not been found in bracken fern-
poisoned horses. Weight loss due to poor appetite,
incoordination of the hindquarters, and bradycardia are
the principal clinical signs seen in horses."*>!3¢ If horses
continue eating bracken fern, progressive depression
and posterior weakness develop that may result in
recumbency, coma, and eventual death.!?

Diagnosis of bracken fern poisoning is aided by the
determination of low serum thiamin and increased pyru-
vate concentrations, absence of viral encephalomyelitis
and hepatic encephalopathy, and evidence that the horse
has eaten large quantities of bracken fern. Alleviation of
clinical signs in 12-24 h following thiamin administration
is also helpful to confirm the diagnosis.!*®

Figure 9.37 Bracken fern (Pteridium aquilinum).

Affected horses should be removed from bracken fern
and treated with large doses of thiamin hydrochloride
(5-10mg/kg, IV slowly). Dilution of thiamin in isotonic
fluids will reduce the chances of adverse reactions.
Daily intramuscular doses of thiamin should be given
for 5-7 days. Recovery usually occurs in 2-3 days.

9.4.8 Johnsongrass and Sudangrass

Johnsongrass (Sorghum halepense) and sudangrass (Sorghum
sudanense) and their hybrid varieties are annuals in
northern states and perennials in southern states.
Johnson grass is an invasive weedy coarse grass that
spreads readily from its creeping rhizomes. The gla-
brous leaves are up to 1.5 feet (0.5m) in length and form
a sheath around the stem, which may reach 3-8 feet
(1-2m) in height. Many individual small flowers are
produced in a loose terminal panicle (Figure 9.38).

Figure 9.38 Johnson grass (Sorghum halepense).
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Figure 9.39 Sudan grass hybrid (Sorghum sudanense).

Sudan grass (Figure 9.39) and other grain sorghums
such as milo are cultivated corn-like annuals that do not
become invasive weeds like Johnson grass.

Sorghums have primarily been associated with
poisoning due to the accumulation of toxic levels of
cyanogenic glycosides and nitrates. Not all varieties of sor-
ghum grasses are poisonous. It is possible to select varieties
that are safe to feed animals. *”'**® Sudan and Johnson
grasses that are capable of accumulating high levels of cya-
nogenic glycosides and nitrates can cause acute fatalities in
ruminants. Sorghum poisoning in horses, however, is due
to low concentrations of cyanoalanine that causes chronic
neurotoxicosis.

Horses, sheep, and cattle that consume cyanogenic
varieties of these grasses for prolonged periods develop
a syndrome of posterior ataxia, urinary incontinence,
cystitis, and weight loss.**#> The disease results from
degeneration of the lower spinal cord induced by cyano-
alanine in the plants that causes demyelinization of
peripheral nerves. It has been hypothesized that

T-glutamyl-B-cyanoalanine, a known lathyrogen, inter-
feres with the neurotransmitter activity of glutamate.
Lathyrogens affect the normal development of nervous
tissue, causing signs of ataxia, urinary incontinence, and
musculoskeletal deformities similar to those seen in
mares grazing sudan grass in early pregnancy.'+

Ataxia resulting from consumption of toxic sorghum
grasses is most noticeable when the horse is backed or
turned, which may cause it to sit on its hindquarters or
fall over. Paralysis of the urinary bladder results in con-
tinual dribbling of urine which causes skin scalding
and hair loss of the lower hind legs in males and of
the perineal area in mares. Affected mares may have
paralysis of the perineum so that the lips of the vulva
stay open, causing vaginitis. Loss of tone to the rectum
may occur, causing fecal impaction and constipation.
Flaccid paralysis of the tail develops in some cases.
Affected horses generally retain a good appetite and
physical parameters remain normal until cystitis and
ascending nephritis develop secondary to incontinence.
As this occurs, the urine becomes thick and opaque and
contains large amounts of amorphous sediment. On
rectal palpation, the bladder is characteristically enlarged
and flaccid and contains putty-like uroliths adhered
to the dependent portion of the bladder (sabulous
urolithiasis)."?

Clinical signs of ataxia and posterior flaccid paralysis
are similar to those caused by equine herpes virus-1
myeloencephalitis, equine protozoal encephalomyelitis,
and the equine viral encephalitides. However, a history
of feeding sorghum grasses over a period of weeks and
the presence of cystitis, which is not usually a feature of
the previously mentioned diseases, should confirm the
diagnosis of chronic sorghum grass poisoning.

Postmortem examination of sorghum grass-poisoned
horses generally reveals a severe ulcerative necrotizing
urethritis and cystitis extending to pyelonephritis.
Degeneration and demyelination of axons through-
out the length of the spinal cord are evident
histologically.'*®

Animals may slowly recover if they are removed from
toxic sorghum grasses before cystitis and ataxia become
complicated by secondary problems, such as ascending
pyelonephritis. Complete recovery seldom occurs once
horses have developed severe signs of ataxia and cystitis.
Improvement can be accomplished by not feeding toxic
sorghum grasses and treating urinary infections with
appropriate antibiotics.
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9.5 Lameness and Muscle Weakness-
Inducing Plants

When lameness or muscle weakness are the predomi-
nant clinical signs in horses, plant poisonings that should
be considered include: (1) contact with black walnut
shavings; (2) ingestion of coffee weed or other Cassia
species; (3) ingestion of plants that cause vitamin D tox-
icosis-like calcinosis; (4) chronic selenium toxicosis; or
(5) oxalate-induced calcium deficiency. Excess oxalate
intake decreases calcium absorption, causing hyper-
parathyroidism. If nutritional secondary hyperparathy-
roidism occurs for more than a few months, it results in
shifting leg lameness, bone and joint tenderness, and a
gradual reluctance to move. Emaciation, loose teeth,
upper respiratory noise due to collapse of the nasal
passages, enlarged facial bones, and sudden death during
exercise may occur. The most common geographic loca-
tions where plant poisonings can cause lameness and
muscle weakness are summarized in Table 9.8.

9.5.1 Black Walnut

Black walnut (Juglans nigra) is a widely distributed large
native tree of North America growing 30-65 feet (10—
20m) in height. It is extensively used for its wood, aro-
matic oils, and edible nuts (Figure 9.40). Black walnut is

Table 9.8 Lameness and muscle weakness-inducing plants.

a rich, dark, closed-grain hardwood commonly used for
furniture and gun stocks. Horses are poisoned by contact
with black walnut wood shavings or sawdust that may
be present in bedding. The shavings range in color from
purplish black to coffee-brown when freshly cut and
have a distinctly sweet or acrid odor (Figure 9.41). In
contrast, pine, fir, ash, oak, and most softwoods com-
monly used for bedding are all light colored. Bedding
containing as little as 5-20% black walnut shavings can
cause poisoning in horses.!**

The toxin responsible is not known. Juglone, a naph-
thoquinone present in the roots, bark, nuts, and pollen of
a variety of the walnut tree family has been proposed
as the toxin. However, purified juglone applied topically
to the feet of horses causes mild dermatitis but not lami-
nitis. The variable severity of signs associated with black
walnut shavings is poorly understood, but is apparently
not related simply to contact of the horse’s skin with the
walnut shavings. Horses administered aqueous extracts
of the heartwood of black walnut by nasogastric tube
consistently develop acute laminitis, indicating that
toxicosis is due in part to ingestion or inhalation of a toxic
substance present in black walnut."***-147 Tt has also
been postulated that juglone and/or other possible sub-
stances cause the toxic reaction directly or by acting as
an antigenic hapten.!*® Experimental evidence further

Common Scientific Toxin Geographic Predominant Clinical Effects
Name Name Location
Black walnut Juglans nigra  In shavings & Widely Laminitis, leg edema, colic, anorexia, depression, and
sawdust distributed sometimes dyspnea

Hoary alyssum Berteroa Unknown Central, Limb edema, fever, laminitis

incana northeast USA

and Canada

Coffee weed Cassia High in seeds Southeast USA Ataxia and sudden death
or coffee senna  occidentalis to Texas
Day-blooming Cestrum Vitamin D-like Florida, Texas, & Chronic weight loss, generalized stiffness to severe lameness,
jessamine diurnum California and recumbency; hypercalcemia and calcinosis
Golden oat Trisetum Vitamin D-like England &
grass flavescens Wales

Solanum Vitamin D-like

malacoxylon
Selenium See Table 9.9 Selenium See Fig. 9.47 Mane and tail hairs break off, stiff and tender gait, hoof rings

accumulator plants

Many cultivated crops, alfalfa, and grasses grown on high-selenium soils

Oxalate-induced
calcium deficiency

and cracks, sometimes emaciation, anemia, and cirrhosis

Shifting leg lameness, bone tenderness & possible
emaciation, loose teeth, respiratory noise & “big head”
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Figure 9.40 Black walnut (Juglans nigra) leaves and nuts.

indicates that the effects of the toxin do not directly cause
contraction of the digital blood vessels, but enhance vaso-
constriction in conjunction with the combined effects of
catecholamines and corticosteroids.!”'** Increases in
laminar intravascular pressure may contribute to the
collapse of capillary beds and lead to tissue necrosis.'*’
Clinical signs begin 8-24h after contact with black
walnut shavings or sawdust. They are characterized by
anorexia, lethargy, depression, and/or edema of the
lower legs, which in severe cases may extend up to the
ventral thorax. Colic, respiratory distress, and rarely
death may occur. The most common symptom is varying
degrees of lameness due to laminitis.** The laminitis
results in foot pain, foot warmth, and increased digital
pulse pressure. If affected horses are removed from the
source of the black walnut shavings early enough and
treated for laminitis, then they recover without the
severe consequences of hoof deformity and third
phalanx rotation. Administration of a nonsteroidal

Figure 9.41 Walnut wood shavings.

anti-inflammatory agent, cold therapy, and keeping the
horse on a soft pasture or sand for 1-2 weeks may be
beneficial. If colic is present, mineral oil (4L/450kg
horse) administered by nasogastric tube and other
symptomatic treatments are indicated.

Although not all dark wood shavings are black walnut,
it is safest to not use any wood shavings that contain
dark wood unless it is known for certain that it is not
black walnut. Poisoning of horses in pastures containing
black walnut trees is also a concern, particularly during
pollen shedding in the spring, and in the fall when the
leaflets are shed from the walnut leaves. Reports of
other species of walnut causing laminitis in horses are
lacking but juglone and other phenolic compounds have
been found in English walnuts (Juglans regia).'*

9.5.2 Hoary Alyssum

Hoary alyssum (Berteroa incana) is an invasive weed of
the northeastern and north central United States and
Canada (Figure 9.42). A syndrome of limb edema, fever,
colic, intravascular hemolysis, and laminitis has been
recognized in horses eating hoary alyssum (Berteroa
incana).’® Hoary alyssum is toxic when incorporated
into hay. The symptoms resemble those of black walnut
poisoning.>*¢>!! A specific toxin has not been identified.
Affected horses generally recover once they are removed
from the plant source.

9.5.3 Coffee Weed or Coffee Senna

Occasionally horses, but more commonly cattle, in the
southeastern United States to Texas have been
poisoned by the ingestion of coffee weed (Cassia
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Figure 9.42 Hoary Alyssum (Berteroa incana).

occidentalis) 83152-15* Affected animals develop an acute
myodegeneration that can be rapidly fatal.c®7>12415¢
Other species of Cassia are similarly toxic.?*’

Coffee weeds, like other Cassia species, are erect
annual legumes growing to 6.5 feet (2m) in height with
pinnately compound leaves, each with 4-6 pairs of
leaflets (Figure 9.43). The foliage has a strong distasteful
odor. The yellow flowers are produced in axillary
racemes and form long linear pods that are laterally
compressed to show numerous seeds. The seeds appear
to contain significant quantities of the toxin. The toxin’s
mode of action has not been determined, although it
appears to be a water-soluble proteinaceous compound
that binds tightly to cell membranes.'>

Horses consuming sufficient quantities of Cassia
plants are generally afebrile and severely ataxic and
may die without showing other clinical signs. Serum
liver enzyme activities may indicate acute liver degen-
eration. Unlike the disease in cattle, myoglobinuria
and hemoglobinuria rarely occur in affected horses.

Figure 9.43 Sicklepod cassia (Cassia obtusifolia).

On postmortem examination, gross lesions are infre-
quently found, but skeletal muscle necrosis and renal
tubular and hepatic centrilobular necrosis are detectable
histologically.'®* Confirmation of the diagnosis is based
upon knowing that the animal had access to and con-
sumed Cassia, along with the presence of histologic lesions.

9.6 Plant-Induced Calcinosis

A generalized stiffness progressing to lameness occurs in
horses from eating plants containing a vitamin D-like
toxin that results in excessive calcium absorption and
deposition in tissues.'**!*” Plants that have been incrim-
inated to cause calcinosis in animals include Solanum
malacoxylon,*°golden oat grass (Trisetum flavescens),"® and
day-blooming jessamine (Cestrum diurnum).®*'*® The
only one of these known to cause calcinosis in horses in
North America is day-blooming jessamine.?® Golden oat
grass is common in England and Wales, particularly on
calcareous soils. It grows well under adverse conditions
and on poor soils and is quite palatable.
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9.6.1 Day-Blooming Jessamine

Introduced from the West Indies as an ornamental tree,
day-blooming jessamine or wild jasmine (Cestrum
diurnum) has become widely distributed in Florida,
Texas, and California. It is a shrub or small tree that
grows up to 16 feet (5m) high, with alternate elliptic
leaves that have a dark green, glossy upper surface. Its
fragrant white tubular flowers are borne in small clus-
ters on axillary peduncles. Multiple green berries that
turn black when ripe are produced after flowering
(Figure 9.44).

The toxin in day-blooming jessamine is similar to 1,25-
dihydroxy-cholecalciferol, the active metabolite of
vitamin D.**!* Consequently, horses eating it absorb
excessive amounts of calcium, resulting in hypercalcemia
and tissue calcinosis. Prolonged ingestion of the plant
results in calcification of the elastic tissues of the arteries,
tendons, and ligaments.’*®* Hypercalcemia causes hypo-
parathyroidism and hypercalcitoninism, which inhibit
normal bone resorption and result in osteopetrosis.*
Other members of this genus, such as night-blooming
jessamine (Cestrum nocturnum) (Figure 9.45) and green
cestrum or willow-leafed jessamine (C. parqui) are also
poisonous, but not due to a vitamin D-like toxin. Their
toxicity is instead due to atropine-like glycoalkaloids
that are common in the family Solanaceae.

Characteristic clinical signs of plant-induced calcinosis
in horses are chronic weight loss despite normal appe-
tite and generalized stiffness leading to severe lameness
and prolonged periods of recumbency. Lameness is
due to pain in calcified ligaments and tendons. Plasma
calcium concentration in affected horses is elevated
from a normal of 11-13mg/dl (2.75-3.25mM/L) to
12-16mg/dl (3-4mM/L).*® Other blood parameters,
including phosphorus concentration, are generally
normal.

Radiographically, horses show marked osteopetrosis
as increased bone density and decreased size of the
medullary cavity. Calcification of cartilage and increased
metaphyseal and epiphyseal trabeculae are also evident
radiographically.’® Postmortem examination of affected
horses shows severe calcification of the tendons, liga-
ments, and elastic arteries. Mineralization of tissues is
confined to those containing elastic tissue.

Recovery from plant-induced calcinosis is rarely
reported, as animals are usually chronically affected.
Recovery is likely in less severely affected horses if they

Figure 9.44 Day-blooming jessamine (Cestrum diurnum)
(Courtesy of Forest & Kim Starr).

Figure 9.45 Night-blooming jessamine (Cestrum nocturnumt)
(Courtesy of Forest & Kim Starr).

are denied further access to toxic plants and fed a
balanced diet. Care should be taken to ensure that
horses are not placed in pastures or pens that contain
Cestrum species or other calcinosis-inducing plants.
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9.6.2 Flatweed

A plant that has recently been implicated in a stringhalt-
like lameness is flatweed, cat’s ear, or false dandelion
(Hypochoeris radicata).®*°® This perennial native plant of
most of North America, Australia, and New Zealand has
become a nuisance weed in some areas. Resembling the
common dandelion, Hypochoeris radicata has a rosette of
basal, hairy leaves and multiple branching flower stems.
The flowering stalks are up to 2 feet tall with each
branch terminating in a single yellow flower head with
up to 30 yellow rays, each with 5 small teeth at the
outer edge. The leaves have a milky sap and the seeds
are wind dispersed (Figure 9.46).

Horses grazing the plants over time develop a spas-
modic hyperflexion of one or both hind legs similar to
classic stringhalt. Experimentally, horses fed 9.8kg of
the green plant daily for 50 days develop hyperflexion
of one or both hock joints.'*® When both hindlegs are
involved, a characteristic hopping gait devlops. In severe
cases, the foot is lifted sharply up to the abdomen and
then slapped to the ground.

Turning, backing, or other stimulation exacerbates
signs. The specific toxin in flatweed has not been

Figure 9.46 Flatweed or false dandelion (Hypochoeris radicata).

determined, but it induces increased electromyographic
activity in the long digital extensor muscles and affects
conduction in the long nerves of the body. Atrophy of
the lateral thigh muscles may occur in chronic cases.
Laryngeal hemiplegia resulting in “roaring” may occur
in some affected horses.

Other plants that have been associated with string-
halt include sweet peas (Lathyrus species), dandelion
(Taraxacum officinale), and mallow (Malva parviflora).
“Australian stringhalt” referes to a similar condition in
horses in Australia associated with grazing Hypochoeris
radicata.

Treatment involves removing the horse from the
pasture containing the plants and, in more severe
cases, administering phenytoin (15mg/kg, PO, for 2
weeks). Thiamine has been reported to aid in the
recovery of Australian stringhalt. Recovery may take a
few weeks and up to 18 months after horses are
removed from flatweed. Horses with persistent signs
may benefit from tenectomy of the lateral digital
extensor tendon(s).

9.7 Selenium Toxicosis

Selenium is an essential micronutrient of a horse’s diet
with numerous impacts on cellular functions. A number
of detrimental effects including generalized myopathy
occur if the diet contains less than 0.1 ppm (mg/kg) of
selenium. However, selenium in excess of 5ppm in the
total diet is harmful and causes chronic selenium poi-
soning of livestock.'*>1¢* Levels of selenium greater than
25-50ppm may cause acute selenium poisoning and
sudden death due to pulmonary congestion and edema.
In excess, selenium profoundly inhibits cellular enzyme
oxidation reduction reactions, especially those involving
sulfate or sulfur-containing amino acids.'**'®* This
antagonistic effect of selenium on sulfate alters the
metabolism of the sulfur-containing amino acids
methionine and cystine, which affects cell division and
growth. These effects are greatest on hoof and hair
which contain the highest concentrations of sulfur-con-
taining amino acids. With chronic selenium poisoning,
this is seen clinically as abnormal hoof and hair growth.
Selenium will also cross the placenta, causing fetal
abnormalities through its effects on fetal cellular
metabolism.'**
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9.7.1 Causes of Selenium Toxicosis

Selenium poisoning of herbivores occurs when excess
selenium has inadvertently been administered or added
to the animal’s diet, is present at toxic concentrations in
drinking water, or when plants high in selenium content
are consumed. There are three types of plants that may
accumulate sufficient selenium to cause selenium poi-
soning. These are: (1) obligate selenium accumulator or
indicator plants, (2) secondary or facultative selenium
accumulator plants, and (3) crops, alfalfa, and grasses,
that are normally good horse feeds but may contain
1-30ppm selenium if grown on selenium-rich soils.

Selenium-rich soils occur in areas of low rainfall
where minimal leaching of selenium from the soil is
likely to occur. In North America, this occurs primarily
in the Rocky Mountain and Great Plains regions
(Figure 9.47). In a recent survey, selenium toxicosis
attributed to native plants was reported in only eight
states (California, Colorado, Idaho, Montana, Oregon,
South Dakota, Utah, and Wyoming).!* In contrast, in all
states except four (Delaware, Rhode Island, West
Virginia, and Wyoming), selenium deficiency was
reported to be a problem.

Even in high selenium-containing soils, plant uptake
of selenium is variable according to the species, depend-
ing on the chemical form of selenium in the soil, soil
acidity, climate, and is highest during plant growth.'s
Selenium is taken up more readily by plants in alkaline

soils. Selenium toxicosis is unlikely from plants grown
on acidic soils. Soils high in readily available selenium
for plants can be determined. Therefore, the potential
for selenium poisoning in herbivores is recognized by
the presence of obligate selenium accumulator plants
that are growing in the area (Table 9.9). These plants are
referred to as selenium indicator plants. The high
selenium content gives these plants an unpleasant
garlic-sulfur odor, which makes them relatively unpal-
atable and assists in identifying them. The odor is
increased by rubbing their leaves together. Horses will
avoid eating these plants if sufficient other feed is avail-
able. Referred to as obligate selenium accumulator
plants, they grow only on soils high in available
selenium because they require a high amount of
selenium for their normal growth. Selenium accumu-
lator plants are capable of accumulating up to 10 times
the amount of selenium present in the soil. Some may
contain up to 10,000 ppm selenium, or 2,000 times the
total dietary concentration of selenium that is toxic and
thus may cause acute selenium poisoning. It is impor-
tant to recognize that other plants and grasses growing
in the same area as selenium indicator plants will have
increased levels of selenium that may also be toxic to
animals grazing them. In such pastures, it is important
to ensure that horses receive adequate sulfur and copper
in their diet to counter the absorption of toxic levels of

selenium.

Figure 9.47 Approximate geographic distribution of selenium-rich soils in the continental United States.
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Table 9.9 Selenium accumulator plants.

Obligate selenium accumulator or indicator plants

Milkvetches Astragalus (24 spp.)
False golden weeds Oonopsis spp.
Woody asters Xylorrhiza glabriuscula

Prince’s plume Stanleya pinnata

Secondary or facultative selenium accumulator plants
Asters Aster and Machaeranthera spp.
Saltbrush Atriplex spp.

Indian paintbrush Castllleja spp.

Broomweed, snakeweed, Gutierrezia spp.

Turpentine, or matchweed
Beard tongue

Gumweed, resinweed
Ironweed

Bastard toadflax

Penstemon spp.
Grindelia squarrosa
Sideranthus grindelioides
Comandra pallida

Selenium poisoning is most often caused by secondary,
or facultative, selenium accumulator plants (also listed
in Table 9.9) and common forages grown on selenium-
rich soils.2¢1941¢8  Secondary selenium accumulator
plants may cause either acute or chronic selenium poi-
soning. In contrast to the obligate selenium accumulator
plants, secondary accumulator plants do not require
selenium for growth, but may accumulate up to several
hundred ppm of selenium when grown on soils high in
available selenium. The toxic effects of selenium in ani-
mals varies, depending on the amount and rate of its
absorption, individual susceptibility, type of selenium in
the plant, and the interaction of selenium with other
dietary minerals, such as sulfur, arsenic, or copper.'®
These minerals and possibly others competitively inter-
fere with selenium absorption and therefore adequate
amounts of these minerals in the diet may help prevent
selenium toxicity.

9.7.2 Two-Grooved Milkvetch (Astragalus
bisulcatus)

Two-grooved milk vetch is an obligate selenium accu-
mulator capable of containing very high concentrations
of selenium. It also contains the neurotoxic indolizidine
alkaloid swainsonine and nitroglycosides that cause
neurologic disease. Two-grooved milkvetch is a peren-
nial plant forming large clumps that reach 3 feet (1 m) in
height. Stems are purple in mature plants. The leaves
are pinnate with numerous paired hairy leaflets. Flowers
are in dense spike-like racemes, generally purple but
varying from pink to white (Figure 9.48). The fruit is a

leguminous, heavily textured pod about 0.5 inch (11-
15mm) in length. The pod has two characteristic
longitudinal grooves on the upper surface, which gives
this milkvetch its name. It typifies the 24 or more species
of Astragalus that grow on the alkaline seleniferous soils
of the western states.

9.7.3 False Golden Weed (Oonopsis
species)

False golden weed is an obligate selenium accumulator
that is a perennial subshrub with a woody root stock.
The stems are from 4-12 inches (10-30cm) tall with
brown bark below and are hairless. The leaves are 1-
3 inches (3-7 cm) long and less than 1/8 inch (1-3 mm)
wide, narrowly linear, rigidly erect, and glabrous. The
heads range from one to several per stem. The flowers
are few to many with bracts in three or more lengths.
The disk flowers are yellowish and the pappus is brown.
There are no ray flowers.

9.7.4 Woody Aster (Xylorhiza

glabriuscula)

Woody aster is an obligate selenium accumulator that
prefers rocky and clay soils at higher altitudes. It is a
perennial arising from a thick woody crown with roots.
Numerous unbranched hairy stems reaching a height
of 1 foot (30cm) have entire leaves 0.75-2.0 inches
(2-5cm) long and about to 0.25 inch (2-6mm) wide
tipped with a callus point. The daisy-like flowers have
stiff white ray flowers and vyellow disk flowers
(Figure 9.49).

9.7.5 Prince’s Plume (Stanleya pinnata)
Prince’s plume is a common obligate selenium accumu-
lator that is a coarse herbaceous perennial ranging from
1.5-5.0 feet (0.5-1.5m) in height. The stems are stout
and mostly unbranched. The leaves are entire to
pinnately compound, 1.5-6.0 inches (4-15cm) long.
The petals are yellow with long claws and are arranged
in plume-like inflorescences (Figure 9.50). The fruit is
slender and nearly round in cross section with a stripe
from 0.4-1.2 inches (1-3 cm) long.

9.7.6 White Prairie Aster (Aster falcatus)

White prairie aster is a secondary selenium accumu-
lator. It is a branched perennial plant of the dry plains
with extensive spreading roots and stalks. The leaves are
0.4-1.2 inches (1-3 cm) long, linear, and densely hairy,
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giving the plant a rough feeling. The flowers are small

and daisy-like with white ray flowers about 1/8 inch
(3-4mm) long that produce many tawny pappus bristles
in a head in late summer and fall (Figure 9.51).

9.7.7 Broom, Turpentine, Snake, or Match
Weed (Gutierrezia sarothrae)

Broom, turpentine, snake, or match weed is a secondary
selenium accumulator. It is a native perennial invasive
plant with a woody base from which the closely grouped

Figure 9.48 Two-grooved milkvetch
(Astragalus bisulcatus) showing the two
characteristic grooves on the seed pods.

Figure 9.49 Woody aster (Xyorrhiza
glabriuscula).

branching stems arise each spring. Often it is an
evergreen shrub in the milder climates of the
southwestern states. The leaves are alternate, linear,
and glabrous. It has many yellow flower heads, usually
located in clusters at the ends of the branches
(Figure 9.52). A given head will have no more than 3-8
yellow ray flowers and 3-8 disk flowers. The pappus is
composed of several to many oblong scales. Gutierrezia
spp. have been associated with abortion in cattle and
sheep, but not horses.
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Figure 9.50 Prince’s plume (Stanleya
pinnata).

Figure 9.51 White prairie aster (Aster falcatus).

9.7.8 Gumweed or resinweed

(Grindelia spp.)

Gumweed or resinweed are secondary selenium accu-
mulators. They are common biennial or perennial
herbaceous plants with leafy stems that grow up to 3
feet (1m) tall. The leaves are alternate, simple with
serrated edges, and have scattered glands that produce
a sticky, gum-like substance. The yellow flowers are
solitary and surrounded by several rows of curved bracts
that produce a white gummy resinous material. The ray
flowers, when present, are about 0.5 inch (8-10mm)
long and lemon-yellow to bright yellow (Figure 9.53).
The pappus awns are about 2-3 mm long.

9.7.9 Saltbush (Atriplex spp.)

Saltbush is a secondary selenium accumulator that
grows on dry soils. It is a perennial woody shrub that is
more or less scaly and scurfy. The leaves are mostly
alternate. The plants are dioecious with staminate
flowers in terminal panicles without bracts. The
characteristic fruits have four wings that are entire or
deeply cut, giving rise to the common name “four-wing
saltbush” (Figure 9.54).

9.7.10 Indian Paintbrush (Castilleja spp.)
Indian paintbrush is a secondary selenium accumulator.
It is an annual or perennial plant that is herbaceous, but
many are woody at the base only. It is a partial root par-
asite of various other plants. The leaves are alternate
and sessile. The flowers are arranged in terminal bracted
spikes that are usually petaloid and ranging from
scarlet to yellow (Figure 9.55). The Indian paintbrush
is common throughout the northern Rocky Mountain
states, particularly at higher elevations.

9.7.11 Beard Tongue (Penstemon spp.)

Beard tongue is a secondary selenium accumulator. It is
an herbaceous perennial plant, usually erect, but many
are low and creeping. The leaves are opposite with
the upper ones sessile and often clasping. The inflores-
cence is a panicle of flowers ranging from blue to red.
The flowers are showy with a tubular corolla whose
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upper lip is two-lobed and the lower lip is three-lobed

(Figure 9.56). There are four fertile stamens in two pairs
with arched filaments. A fifth stamen, called a stami-
node, is represented by a conspicuous sterile filament
attached to the upper side of the corolla. It is widened
and bearded at the apex.

9.7.12 Effects of Acute Selenium Toxicosis

Acute selenium poisoning from plant ingestion is rare
since animals rarely eat plants containing levels of
selenium over 50ppm, as they generally are not

Figure 9.52 Snakeweed, broomweed,
matchweed, or turpentine weed
(Gutierrezia sarothrae).

Figure 9.53 Gumweed or resinweed
(Grindelia spp.) showing the whitish
gummy resin in the tops of the
flower buds.

palatable. Acute selenium toxicosis most commonly
occurs as a result of the inadvertent addition of excess
selenium to the diet or by administration of an overdose
of selenium. However, when livestock are forced to
graze plants high in selenium content or consume a diet
containing high levels of selenium, they can rapidly
accumulate levels of selenium in their tissues that will
result in death.?!® Blood serum selenium levels greater
than 72 ppm cause severe capillary damage in the lungs,
liver, and kidneys. As a result of this, affected animals
frequently die before clinical signs are evident. Death
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results from respiratory failure attributable to pulmonary
congestion and edema. Congestion, edema, and necrosis
of the lungs, liver, and kidneys are the major lesions

Figure 9.54 Saltbush (Atriplex spp.) showing four-winged fruits.

Figure 9.55 Indian paintbrush (Castilleja
Spp-)-

seen at postmortem examination of animals that have
died of acute selenium poisoning.

9.7.13 Effects of Chronic Selenium
Toxicosis
Traditionally, chronic selenium poisoning has been
divided into two syndromes referred to as blind staggers
or alkali disease.?” Both syndromes are associated with
chronic ingestion of forage and crop plants that have
accumulated 5-50 ppm selenium.?¢

Blind staggers is primarily a problem of cattle and
sheep from the ingestion of selenium accumulator
plants. Affected animals characteristically exhibit aim-
less wandering, circling, disregard for objects in their
way, loss of appetite, and apparent blindness.?*'¢* The
disease progresses to foreleg weakness and inability to
stand. Weight loss accompanies inappetence. Teeth
grinding, indicating abdominal pain or colic, is common.
Death results from respiratory failure, which usually
occurs if the plants causing the disease are not removed
from the animal’s diet early in the course of disease.
Recent evidence suggests that blind staggers syndrome
is rarely due to selenium toxicity, as originally thought.
Sheep fed the obligate selenium accumulator and
neurotoxin-containing plant two-grooved milkvetch
(Astragalus bisulcatus) developed classic signs of blind
staggers but did not develop lesions typical of selenium
toxicosis.!** Instead, microscopic lesions in the brain
(cytoplasmic vacuolation) typical of those from loco-
weed poisoning, were present. This suggests that blind
staggers may be due to chronic locoweed poisoning and
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Figure 9.56 Beard tongue (Penstenon spp.).

not selenium toxicity.”"** Further evidence suggests that
blind staggers may also be related to high sulfate in plants
and therefore in the diet of animals grazing the plants.!7%!7!

Alkali disease is the name given to chronic selenium
toxicity by the early Great Plains and Rocky Mountain
settlers because they noted it occurred only in livestock
grazing semiarid regions with high alkali soil. These
areas are now known to be soils high in readily available
selenium. Chronic selenium toxicosis affecting horses,
cattle, pigs, sheep, and poultry is associated with the
consumption of forages or cereal crops grown in selenif-
erous soils or diets to which excess selenium had been
inadvertently added.?”74+!4217 Poisoning occurs after
high selenium-containing plants or a diet high in
selenium has been consumed for several months. Excess
selenium consumption results in the substitution of
selenium for sulfur in keratin. This results in defective
formation of keratin, the principal protein present in the
hoof and hair. Initially, affected horses lose the long hair
from the mane and tail and it breaks off at the site where
excess selenium was incorporated into the hair shaft.
This gives the horse a “clipped” mane and bobtailed

Figure 9.57 Horse with “bob-tail” due to hair loss from chronic
excess selenium consumption.

appearance and is the reason that the syndrome has
been referred to as “bobtail disease” (Figure 9.57).
Lameness develops as a result of coronitis and abnormal
hoof wall formation and affects all feet. Initially, affected
horses walk stiff-legged with tenderness followed by
pronounced lameness. Horizontal hoof wall rings or
ridges that may progress to full-thickness cracks causing
severe lameness are characteristic (Figure 9.58). Some
horses may slough the hoof entirely. Chronic selenium
poisoning has also been associated with anemia, liver
cirrhosis, emaciation, heart atrophy, and bone and joint
degeneration in horses and cattle.!¢*17?

9.7.14 Diagnosis of Selenium Toxicosis

A diagnosis of selenium poisoning is best confirmed by
submitting samples of feeds and forages for analysis and
then determining the selenium concentration in the total
diet. Selenium levels greater than 5ppm of total dietary
dry matter should be considered potentially toxic.!¢?
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Normal serum selenium levels are in the range of 0.09-
0.3 ppm. Levels of selenium from 1-4 ppm are suggestive
of chronic selenium poisoning. Serum levels up to
25ppm have been reported in acute selenium poisoning.
Greater than 4ppm dry matter in liver or kidney or
1.2 ppm wet weight is indicative of selenium toxicosis.!¢?

Generally, the more chronic that selenium toxicosis
becomes, the lower the levels in tissues. However, hair
and hoof samples retain high concentrations and are
useful in the diagnosis of chronic selenium poisoning. It
is important to collect hoof and hair samples from areas
where the hoof is cracked or the hair is broken off,
because this is where selenium is incorporated in the
keratin. Hoof wall or hair selenium concentration in
indicates excessive selenium

excess of 5-10ppm

Figure 9.58 Circular horizontal cracks in the hoof wall of all
feet characteristic of chronic excess selenium consumption.

Table 9.10 Anemia-inducing plants.

intake.'®® However, hair selenium content is affected
by intake of other minerals and external or surface
selenium contamination.

Successful treatment of selenium poisoning depends
on its early recognition and removal of horses from the
source of excess selenium. Feeding a low selenium and
high protein diet rich in the sulfur-containing amino
acids cysteine and methionine will help counteract sele-
nium’s toxic effect (Table 9.6). Good-quality alfalfa hay,
provided it does not contain high levels of selenium from
being grown on selenium-rich soils, is a good source of
cysteine and methionine. Any cereal grain except corn
may be fed with 15-20% cottonseed, rapeseed, or fish
meal, which will increase the protein content of the grain
mix to 15-20%. Corn, soybean meal, and bran are low in
sulfur-containing amino acids and, therefore, are not
preferred. In addition, ensure that the total diet contains
at least 10ppm and preferably 25ppm of copper, as
copper is necessary to reduce the toxic effects of selenium.
Recovery from chronic selenium poisoning will occur
gradually as the affected horse’s hooves grow out if the
horse is fed a diet low in selenium and attention is given
to regular trimming of cracked and overgrown hooves.
Grain or hay, known (tested) to be low in selenium
should be fed to horses grazing pastures with plants high
in selenium to prevent chronic selenium toxicosis.

9.8 Anemia-Inducing Plants

Anemia due to hemolysis or hemorrhage may occur in
animals ingesting plants such as onions (A/lium spp.), red
maple (Acer rubrum), and moldy sweet clover (Melilotus

officinalis), or phenothiazine toxicosis (Table 9.10).

Common Name Scientific Toxin Major Effects

Name
Onions, wild and Allium spp. N-propy! disulfide in Onion odor to breath; anemia (Hct 10-15%); hemoglobinuria,
cultivated plants and bulbs icterus, Heinz bodies, tachycardia, and tachypnea
Red maple Acer rubrum Bark and dry or wilted, Develop rapidly; increased AST, SDH, and bilirubin

but not green leaves

Moldy sweet Melilotus spp. Dicoumarol anticoagulant Hematomas; normal appetite, temperature, pulse and respiratory rate
clover in moldy hay or haylage until terminal; hemorrhaging; increased prothrombin and partial

thromboplastin times

All these effects may also be caused by phenothiazine toxicity or babesiosis (both rare in USA), equine infectious anemia, and immune-
mediated hemolytic anemia. Heinz bodies may also occur with equine lymphosarcoma.
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Hemolysis is accompanied by hemoglobinuria and
icterus. Anemia due to hemorrhage may be caused by
the ingestion of spoiled or moldy sweet clover hay or
haylage. Horses infected with the protozoan parasite
Babesia caballi or Theileria equi may exhibit similar signs.
Since phenothiazine is rarely used in horses today and
babesiosis is uncommon in North America, poisoning
by these plants should be of prime consideration when
horses develop signs of anemia and hemoglobinuria.
Other causes of similar clinical signs include immune-
mediated hemolytic anemia and equine infectious
anemia.

9.8.1 Onions

Poisoning from wild onions (A//ium spp.) and domestic
onions (A. cepa) will occur in horses that have eaten
large quantities of the plants or the bulbs.®® Cattle are
the most susceptible, with horses and dogs being less so.
Sheep and goats can tolerate eating considerably more
onions than other animals.!”>!”* Although species of
wild onion are found in moist areas of most states,
onion poisoning is most often caused by feeding culled
domestic onions.

Onions contain the alkaloid n-propyl disulfide, which
inhibits 6-phosphate dehydrogenase in red blood cells,
causing hemoglobin denaturation and precipitation.
This is recognized as Heinz bodies in red blood cells.
Reticuloendothelial cells remove these altered red
blood cells from circulation, causing anemia and the

clinical signs.

Depending on the quantity and rate at which onions
are eaten by the horse, effects vary from mild anemia
without clinical signs to severe hemolytic anemia-
induced icterus, increased heart and respiratory rates,
weakness, hemoglobinuria, and death. The odor of onions
is often detectable on the breath. The presence of Heinz
bodies in red blood cells is highly suggestive of onion
poisoning. However, Heinz body anemia also occurs
from red maple leaf ingestion and may occur in equine
lymphosarcoma.” Hematocrit is often as low as
10-15%. Horses with onion poisoning should not be
stressed. They should be removed from the source of
onions and fed a balanced diet. Severely anemic animals
may require blood transfusion.

9.8.2 Red Maple

Red maple (Acer rubrum) trees are common throughout
most of eastern North America and south to Florida and
Texas. They adapt to moist or dry areas and may reach a
height of 100 feet (30m) at maturity. The characteristic
leaves are three-lobed and shiny green above and they
turn a brilliant red in the fall (Figure 9.59). Flowers are
red, grow in clusters, and appear before the leaves.
Fruits are red with two smooth wings.

Poisoning occurs when horses eat wilted or dried red
maple leaves.’!78171:175.208231 Eresh green leaves are not
toxic, but once dried, they remain toxic for up to 30
days.'”® The bark from red maple trees is also apparently
toxic.!”! Fatal poisoning from feeding ponies 1.5g/lb
(3.0g/kg) body weight of dried red maple leaves

Figure 9.59 Red maple leaves (Acer
rubrum).
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occurred in 1-5 days.!”¢ Half of this amount will induce
hemolytic anemia with the formation of Heinz bodies.
The precise oxidant that forms in wilted maple leaves
has not been determined. The toxicity of other maple
species has not been fully investigated but oxidants sim-
ilar to those in red maples have been identified in sugar
maples (Acer saccharum).'** Red maple hybrids (Crimson
king) should also be considered toxic.

After eating even relatively small amounts of wilted
maple leaves, horses exhibit clinical signs within 1-2 days.
Poisoning is characterized by an acute hemolytic anemia
that causes weakness, increased respiratory and heart
rates, cyanosis, icterus, and hemoglobinuria.'”” Pregnant
mares may abort without showing typical signs of
hemolytic anemia. Some horses may present with colic,
laminitis, and signs of renal failure. Blood changes include
a marked reduction in hematocrit, methemoglobinemia,
Heinz bodies in erythrocytes, and depletion of reduced
glutathione in erythrocytes.’*>!7® Serum aspartate amino
transferase and sorbitol dehydrogenase activity and total
protein and bilirubin concentrations are elevated.'””

A diagnosis of red maple poisoning can generally be
made when horses develop an acute hemolytic anemia
with Heinz body formation and there is evidence that
they have had access to and eaten wilted or dried red
maple leaves or bark. Other conditions that should be
considered include onion, moldy sweet clover, and
phenothiazine poisoning, and diseases such as equine
infectious anemia, anaplasmosis, and babesiosis. The
prognosis is always guarded to poor for horses with
red maple poisoning because of rapid intravascular
hemolysis, coagulopathy, hemoglobin nephropathy,
and vascular thrombosis that may occur.!7617°

Successful treatment of horses with red maple
poisoning must be initiated as early as possible in order
to counteract the hemolytic crisis and secondary effects.
Appropriate intravenous fluid therapy to maintain
cardiac output and renal function and transfusions with
packed erythrocytes may be effective.'®*® Large doses of
vitamin C (ascorbic acid; 30mg/kg, IV, @ 12h) as an
antioxidant along with blood transfusions and other
supportive therapy has proven beneficial if adminis-
tered early in the course of toxicity.!! It is important to
note that the use of corticosteroids in treating red maple
toxicity greatly decreased the chance a horse surviving
the toxicity.!”” Although methylene blue is advocated as
a treatment for oxidant toxicities of erythrocytes, it
should be used with considerable caution in the horse,

as it will induce a Heinz body hemolytic anemia in
excess. It is recommended that a no greater than 1%
methylene blue solution be administered intravenously
to give a total dose of no more than 8.8 mg/kg. This
amount is provided using 1% methylene blue at a dose
of 0.88ml/kg. Administration may be repeated every
6-8 hours if necessary.

9.8.3 Spoiled Sweet Clover

Yellow sweet clover (Melilotus officinalis) and white
sweet clover (M. officinalis var. alba) are legumes com-
monly grown in the northwestern United States and
western Canada as livestock forage. Yellow sweet clover
has become a self-sustaining weed in most of North
America.!”> As biennials, both species grow to 5 feet
(1.5m) in height and have compound leaves with three
leaflets that have serrated edges with the terminal leaflet
on a stalk. The leguminous flowers are produced in
axillary racemes up to 5 inches (12-13cm) in length.
The flowers are yellow or white, depending on the
species (Figure 9.60).

Neither yellow nor white sweet clover is toxic, unless
they are improperly cured as hay or haylage and become
moldy. Molds, such as Penicillium spp., convert the non-
toxic glycoside coumarin in the plant to dicoumarol.
Dicoumarol has strong anticoagulant properties that
interfere with the vitamin K-dependent coagulation
factors VII, IX, X, and prothrombin. The rate of depletion
of these factors is directly related to the duration and
amount of dicoumarol ingested.

Moldy and improperly cured sweet clover hay or
haylage, although not always toxic, should be used for
animal feed only after it has been tested for dicoumarol.
In one survey of 272 cured sweet clover hay samples,
over one third contained more than 4.5mg/lb (10mg/
kg) of dicoumarol (range 0-75mg/Ib or 0-165mg/kg).'*?
The concentration of dicoumarol tends to be higher in
large round bales where the hay is more likely to have a
higher moisture content. Moldy dicoumarol-containing
sweet clover may be fed to livestock as long as it does not
constitute more than 25% of the animal’s total diet,
although feeding any moldy feed is not recommended.
There are varieties of sweet clover that contain very low
levels of coumarin. Hay or haylage from these varieties will
not interfere with coagulation, even if moldy.'*> However,
to prevent the risk of moldy sweet clover poisoning,
sweet clover hay or haylage should not be fed for at least
2-3 weeks before foaling or any elective surgery.
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Figure 9.60 Yellow sweet clover (Melilotus officinalis).

Dicoumarol-containing sweet clover hay or haylage
must be ingested for several weeks before clinical signs
occur. The problem occurs most commonly in cattle, but
horses and sheep may also be affected.'®*!%* Generally,
only a few animals in a herd will be affected, but mortality
is high if untreated. Signs of poisoning include hemor-
rhage from the nose, intestinal tract, or into body cavities
and soft tissues. Hematomas may develop over areas that
are prone to trauma. Excessive hemorrhaging after any
laceration is likely and can be life threatening. The degree
of anemia depends upon the amount of blood loss and is
reflected by tachycardia, pale mucous membranes, weak-
ness, and other signs of hypovolemic shock. Blood pro-
thrombin, activated partial thromboplastin, and clotting
times are markedly prolonged from normal.

Affected horses should be treated with whole blood
transfusions as necessary (10ml blood/kg). Ideally,
vitamin K, (2.0mg/kg) should be injected to restore pro-
thrombin time to normal within 24 hours. However, the
cost may be prohibitive and vitamin K3 is often adminis-
tered. Vitamin K, may cause a toxic reaction in horses
and, in contrast to vitamin K, has been found to be inef-
fective in treating moldy sweet clover poisoning in calves.

Intravenous vitamin K, administration controls hem-
orrhage in 3-6 h and returns prothrombin time to normal
in 12-24h. If vitamin K is given, therapeutic benefits are
reported to occur within 1-2 days and the dosage should
be less than 1 mg/kg and probably not more than 1-2mg/
kg. Parenteral doses of vitamin K, greater than 2mg/kg
greatly increase the risk of toxicosis.

9.9 Teratogenic Plants

Certain plants are known to be teratogenic and produce
physical defects in the developing fetus, particularly if
the plants are eaten by the dam during the first trimester
of pregnancy. Plant teratogens are complex chemical
compounds that cross the placenta and cause fetal
resorption, abortion, stillbirths, or deformed new-
borns.”> 1187 Teratogens have specific effects during
precise stages of fetal organ development and are there-
fore most dangerous during the first trimester when
fetal organ development is at its most critical stages. For
example, western false hellebore or skunk cabbage
(Veratrum californicum) is a classic teratogen that only
induces the cyclops deformity in lambs if the pregnant
ewe eats a sufficient quantity of the plant during the
fourteenth day of gestation (Figure 9.61).'%% A teratogen
must therefore be present in the developing conceptus
at a specific stage of gestation and in sufficient quantity
to exert its effect. In general, the fetus is most susceptible
to teratogens during the first trimester of pregnancy. It is
important to recognize, however, that plant teratogens
are but a single entity in the spectrum of teratogens that
include viruses, chemicals, and radiation.

Many plants have been suspected of causing infer-
tility, fetal deformity, and abortion in livestock, and the-
oretically could cause similar effects in pregnant mares
(Table 9.11). Relatively few cases of plant teratogenicity
have been documented in horses. Mares consuming
sudan grass (Sorghum sudanense) hay and sorghum
hybrids (Figs 9.20-9.38 and 9.20-9.39) between the
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Figure 9.61 Skunk cabbage or western false hellebore
(Veratrum californicum).

twentieth and fiftieth day of gestation have been
reported to produce foals with a variety of skeletal defor-
mities.'? Sorghums are known to accumulate cyano-
genic glycosides that can be converted to p-cyanolanine,
a known precursor to the lathyrogen T-glutamyl-f-
cyanoalanine, which is teratogenic.

Pregnant mares, cows, and ewes will abort or produce
malformed offspring if they consume locoweed (Astragalus
spp.) during early pregnancy.”? Locoweed may also be
neurotoxic to the dam. Wooly locoweed (Astragalus
mollissimus) (Fig. 9.30) will cause mares to abort or
produce foals with various limb deformities, including
contracted flexor tendons, lateral rotation of the fore-
limbs, carpal flexural deformities, and laxity of the

Table 9.11 Teratogenic plants for horses.

Known teratogenic plants for horses
Milkvetch, locoweed Astragalus, Oxytropis spp.
European or spotted hemlock Conium maculatum

Lupine Lupinus spp.

Wild tree tobacco Nicotiana glauca
Tobacco Nicotiana tabacum
Hellebore Veratrum viride

Sudan grass Sorghum sudanense
Suspected teratogenic plants for horses

Akee Blighia sapida
Autumn crocus Colchicum autumnale
Cycad fern Cycas spp.

Jimson weed Datura stramonium
Creeping indigo Indigofera spicata
Wild pea Lathyrus spp.

Mimosa Leucaena leucocephala
Poppies Papaver spp.

Wild black cherry Prunus serotina
Groundsel Senecio spp.
Periwinkle Vinca rosea

hock joints.?* Some foals with minor limb deformities
recover spontaneously and more severely affected
foals require surgical correction or euthanasia. Several
other species of locoweed (A. lentiginosus and A. puben-
tisimus) are also known to cause congenital malforma-
tions and abortion in sheep, cattle, and horses.!¢%18
The teratogenic components of Astragalus spp are
nitroglycosides and not the toxic indolizidine alkaloid
swainsonine that causes locoism; nor their high
selenium content. A description of sorghum and
Astragalus plants is given in the section on neurologic
disease and in the section on sudden death-inducing
plants for poison hemlock.

Poison, European, or spotted hemlock (Conium macu-
latum) contains the alkaloid coniine, which is a potent
neurotoxin and a teratogen.'” Cattle and pigs seem
to be the most susceptible to its teratogenic effects,
whereas in horses and ewes, it is neurotoxic and does
not detectably harm the fetus.'?!!*2

9.10 Sudden Death-Inducing Plants

Sudden death of horses due to plant poisoning with few
or no previously occurring clinical signs is relatively
uncommon. When it occurs, it is important to deter-
mine the cause as quickly as possible so that further
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losses can be avoided. Sudden death due to plants most
often occurs when horses have been placed in situations
where they have been compelled to eat unusual plants
in hay or over-grazed pastures. Unintentional poisoning
may occur when garden clippings or prunings are fed to
horses or when horses are tied or placed in pens adja-
cent to plants to which they are unaccustomed and they
would otherwise leave alone. Potential causes of plant-
induced sudden death in horses are listed in Table 9.12
along with their predominant clinical effects.

Table 9.12 Plants causing acute death.

9.10.1 Cyanide-Induced Sudden Death

All animals, including horses are susceptible to hydrogen
cyanide (Prussic acid or HCN) poisoning.'*? Interestingly,
horses and other monogastric animals are more suscep-
tible to preformed cyanide salts (sodium or potassium
cyanide) than ruminants, yet ruminants are highly
susceptible to plant-induced cyanide poisoning. Horses
are very rarely affected by cyanogenic plants. Some of
the more common plants with a potential for cyanide
poisoning in ruminants are listed in Table 9.12.

Common Name

Scientific Name

Toxin

Predominant Clinical Effects

Serviceherry,
Saskatoon berry
Wild blue flax
Chockecherry
Elderberry
Johnson grass
Sudan grass,
broom, kafir corn
Arrow grass,
goose grass
Milkweed
Foxglove
Oleander
Yellow oleander
Be-Still or lucky
nut tree

Lily of the valley
Dogbane or
Indian hemp
Larkspur
Monkshood

Poison, European,
spotted hemlock
Water hemlock

Yew

Death Camas

Avocado
(Guatemalan, not
Mexican
smooth-skin
variety)

Amelanchier alnifolia

Linum spp.
Prunus virginiana
Sambucus spp.

Sorghum halepense
Sorghum sudanense

Triglochin spp.

See Table 9.13
Digitalis purpurea
Nerium oleander
Thevetia peruviana
T. thevetioides

Convallaria majalis
Apocynum
cannabinum
Delphinium spp.
Aconitum spp.

Conium maculatum

Cicuta spp.

Taxus spp.

Zigadenus spp.

Persea americana

Cyanogenic glycosides
throughout plant, especially
high during growth

Cardiac glycosides highest in
green plant, but dry leaves
more palatable and are toxic

Diterpenoid alkaloids high in
green leaves and flowers

Piperidine alkaloids high in
leaves and stems before fruit
Cicutoxin alkaloid in whole
plant, especially the root

Taxine alkaloid in the whole
plant

Zigacine and zigadenine
alkaloids in all of plant,
especially the onion-like
Unknown toxin in plant but
not in ripe fruit flesh

Bright red venous blood, dark red to cyanotic
membranes, rapid labored breathing, frothing at mouth
and dilated pupils Muscle tremors, ataxia, convulsions
and death within minutes of eating plant Cyanide test kit
positive on stomach contents, liver, or muscle.

Colic, diarrhea (may be bloody), chewing, dyspnea,
cardiac arrhythmia, and shock Tetany and death less than
24 hours after eating small amounts of the plant

Excitable, stiff, base-wide stance, cannot stand and may
have colic; death occurs within a few hours of eating
plants

Salivation, colic, tremors, ataxia, dyspnea, cyanosis, coma,
and death within 2-3h of eating small amounts of plants
Salivation, chewing, teeth grinding, dilated pupils,
tremors, violent convulsions, respiratory paralysis, and
death within hours of eating 0.51b of plant or 1 root.
Nervous, dyspnea, ataxia, diarrhea, bradycardia,
convulsions, and death shortly after eating about 11b
Salivation, colic, weakness, ataxia, and death within
several days of eating 8-101b of plant bulb

Diarrhea, colic, and ongestive heart failure-induced
edema of abdomen, neck, head, and lungs causing
dyspnea and death in <2 days after eating leaves.
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9.10.2 Toxicity of Cyanogenic Glycosides
There are at least 2,500 plant species in many families
including Asteraceae, Chenopodiaceae, Euphorbiaceae,
Fabaceae, Juncaginaceae, Linaceae, Poaceae, and
Rosaceae that contain cyanogenic glycosides in their
stems and leaves.'*>!7*!9-197 These plants normally con-
tain one or more complex cyanogenic glycosides that
are biosynthesized from amino acids to nitriles before
being hydroxylated and glycosylated to cyanogenic gly-
cosides. The glycosides are compartmentalized in plant
cells and protected from plant enzymes. Damage to
plant cells liberates the enzymes (glycosidases) that start
hydrolysis of cyanogenic glycosides to form hydrogen
cyanide.'?>!*>1% QOptimally this occurs at a pH greater
than 4 or when plants are damaged as a result of
drought, wilting, freezing, or being chewed. Application
of herbicides and nitrate fertilizers may increase the cya-
nogenic glycoside content of plants. Generally, all parts
of the plant are toxic with young rapidly growing plants
and new growth being the most toxic. Maturation of
the plant and drying reduces its cyanogenic glycoside
content.

Plant-induced acute cyanide poisoning in horses is a
rarity and is poorly documented.’® In contrast, cyanide
poisoning in ruminants is well documented. This species
difference is related to the low pH of the horse’s stomach
in contrast to the more alkaline rumen (pH6-7) that
optimizes hydrolysis of glycosides. Rumen microflora
play an important role in the rapid hydrolysis of plant
glycosides. Animals that drink water immediately after
eating cyanogenic plants enhance the hydrolysis of
glycosides to cyanide. Acute cyanide poisoning depends
on the rapid ingestion of large quantities of plant
material high in cyanogenic glycosides and their
conversion to cyanide faster than the animal’s ability to
detoxity the cyanide.

The cyanide ion (CN-) is highly toxic to all animals
when it is inhaled as gaseous hydrogen cyanide or it is
ingested as sodium or potassium cyanide.'” Once
absorbed, it binds with trivalent iron of cytochrome oxi-
dase and other enzyme systems in hemoglobin, inhibit-
ing electron transport, which results in decreased
oxidative metabolism and oxygen utilization by the
cells.'** This produces the characteristic cherry-red color
of venous blood and mucous membranes that is typical
of acute cyanide poisoning. This cherry red coloration of
blood disappears as anoxia becomes severe and cyanosis
predominates. Normally, small quantities of cyanide

are detoxified by cellular enzymes and endogenous
thiosulfate to thiocyanates that are excreted in urine.
The lethal dose of preformed cyanide salts (NaCN and
KCN) for most species is 2.0-2.5mg/kg.'”” Plant material
containing more than 200 ppm of cyanide (200 mg/kg)
in dry matter is potentially lethal to all animals.'*®

However, if there is plenty of other plant material and
carbohydrates present in the stomach, formation and
absorption of cyanide may be slowed, thus allowing the
animal to tolerate a higher dose of cyanide.

9.10.3 Serviceberry or Saskatoon berry
(Amelanchier alnifolia)

Serviceberry or Saskatoon berry is a native shrub or
small tree that grows up to 13 feet (4m) tall, primarily
on rocky slopes, canyons, and stream sides at altitudes
from 5,000-9,500 feet (1,500-2,900m). Its leaves are
simple, alternate, petioled, oval to suborbicular with
margins coarsely serrate or dentate. The inflorescence
is a raceme with perfect regular flowers (Figure 9.62).
The five petals are white and 0.25-0.5 inches (6-10mm)
long. The ovary has five styles, developing into a purple
fruit when ripe.

9.10.4 Wild Blue Flax (Linum spp.)

Wild blue flax is widely distributed throughout North
America. It is an herbaceous perennial with tough
slender stems and alternate slender leaves. Its bright
blue flowers have five petals that drop off by midday
(Figure 9.63). New flowers open each day. The young
succulent plants are particularly toxic.

9.10.5 Western Chokecherry

(Prunus virginiana)

Western chokecherry commonly grows in thickets,
especially along waterways, mountainsides below about
8,000 feet (2,500m) elevation, and occasionally in the
drier plains. It grows to about 8-15 feet (2.5-5.0m) high
as a shrub or small tree with gray bark marked by lenti-
cels running around the stems. The leaves are simple,
glossy, and alternate with serrated margins and a few
glands on the petiole or base of the blade. The inflores-
cence is a cylindrical raceme of showy white fragrant
flowers appearing in early spring after the leaves have
appeared (Figure 9.64). The fruit changes from a red to
a dark purple drupe when ripe. It is the only edible part
of the plant, having an astringent but sweet taste when
ripe. Other common members of the genus known to be
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toxic include pin cherry (P. pensylvanica) and wild black

cherry (P. serotina). All members of the cherry family
should be considered toxic until proven otherwise.

9.10.6 Elderberry (Sambuccus spp.)

Elderberry is a woody shrub growing 6-10 feet (2-3m)
high and forming colonies from underground runners.
Generally, elderberry bushes prefer open areas in rich
moist soils surrounding ponds and along ditches and
streams. The stems are thick and are filled with white pith.
The leaves are opposite and pinnately compound with
lanceolate serrated leaflets. It has conspicuous, terminal,
round or flat-topped clusters of white five-petaled flowers

Figure 9.62 Serviceberry or Saskatoon
berry (Amelanchier alnifolia) flowers.

Figure 9.63 Wild blue flax (Linum spp.).

about 0.25 inch (4-6mm) in diameter (Figure 9.65).
Drooping clusters of dark purple (S. canadensis) or red
(S. racemosa), juicy edible berries with several seeds form
from July to September.

9.10.7 Sorghum Grasses

Johnson grass (S. halepense) is a coarse, drought-resistant
perennial in the southern states and an annual in the
northern states. It has scaly root stalks and relatively
broad leaves and grows 6-8 feet (1-2m) tall (Figure 9.38)
as described previously in the section on neurologic
disease-inducing plants. Sudan grass (S. vulgare var.
sudanense) and its hybrids are corn-like in appearance
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Figure 9.64 Western chokecherry (Prunus virginiana) flowers.

(Figure 9.39) and are often grown as a forage crop.
Cyanide-free varieties are available and are useful as
forage crops.

9.10.8 Arrow grass or goose grass
(Triglochin spp.)

Arrow grass or goose grass grows at most elevations
throughout North America, preferring wet alkaline
soils. It flourishes in marshy ground and irrigated pas-
tures, often growing in native meadows cut for hay. It is
a perennial grass-like plant with fleshy, half-rounded,
dark green leaves clumped at the base of the plant.
Leaves are 5-7 inches (12-18 cm) long, linear, unjointed,
and sheathed at the base. The inflorescence is a pedicled
raceme from 1.6-5.0 feet (0.5-1.5m) in length that
appears as an unbranched, unjoined flower spike
(Figure 9.66). The flowers are inconspicuous and
numerous with a greenish, 6-parted perianth. The fruits
consist of three- to six-celled capsules that turn a golden
brown before splitting.

Figure 9.65 Elderberry (Sambuccus spp.) flowers and fruits.

9.10.9 Clinical Effects and Diagnosis
of Acute Cyanide Poisoning
Animals poisoned by cyanogenic plants usually develop
clinical signs and die within hours of consuming a lethal
amount. Those that survive longer probably did not absorb
a lethal dose and will recover. Sudden death is generally
the presenting sign of cyanide poisoning. If observed early,
poisoned animals show rapid labored breathing, frothing
at the mouth, dilated pupils, ataxia, muscle tremors, and
convulsions. Animals dying from acute cyanide poisoning
may have characteristic cherry-red venous blood if exam-
ined immediately after death. The mucous membranes are
often dark red to cyanotic because the animal is severely
dyspneic and near death even though hemoglobin is satu-
rated with oxygen. Generalized congestion and cyanosis is
often seen at necropsy. Hemorrhages may be seen in the
heart, lungs, and various other organs.

Acute cyanide poisoning can be confirmed by demon-
strating the presence of either cyanide or cyanide-
containing plants in the stomach of affected animals by
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Figure 9.66 Arrow or goose grass (Triglochin spp.).

using the sodium picrate paper test.?* Filter paper strips
soaked in sodium picrate and dried will turn brick red if
significant cyanide is present when they are suspended
over suspect plant material in an airtight container.'”’
A commercially available rapid test kit is also available
and gives a blue reaction in the presence of cyanide.?”
Since cyanide is rapidly lost from animal tissues, speci-
mens should be collected rapidly after death. If not ana-
lyzed immediately, they should be frozen in airtight
containers for future analysis. Blood, spleen, liver,
muscle, and stomach contents should be collected for
analysis.

9.10.10 Treatment of Acute Cyanide
Poisoning

Successful treatment of acute cyanide poisoning
depends on rapid detoxification and excretion of
the cyanide radical. Traditionally, this has been

accomplished by intravenous sodium nitrite and
sodium thiosulfate solution. Sodium nitrite converts
hemoglobin to methemoglobin, to which cyanide
binds to form relatively nontoxic cyanmethemoglo-
bin. Sodium thiosulfate enhances cellular rhodonase
biotransformation of cyanide to thiocynate which is
excreted in urine. The recommended treatment for
acute cyanide poisoning is a mixture of 1 ml of 20%
sodium nitrite and 3ml of 20% sodium thiosul-
fate/45kg given intravenously.' This dose can be
repeated in a few minutes if the desired response does
not occur. Any stress to the animal should be avoided
to avoid acute collapse.

Although not tested in horses, in sheep experimen-
tally poisoned with cyanide, better results have been
obtained by administering a 30-40% solution of sodium
25-50 gm/100kg.2®2
Treatments tried in other animals with some benefit

thiosulfate intravenously at
have not been validated in horses. These include the use
of cobaltous chloride and o-ketoglutaric acid.?0*2%
Sodium thiosulfate solution (30g/450kg) has been
administered to cattle by orogastric tube to detoxify and
remove toxic plant material still in the digestive tract.
A similar treatment would seem logical for affected
horses that have been observed eating new growth
choke cherry leaves in the past few hours.

9.10.11 Cardiac Glycoside-Induced

Sudden Death

9.10.11.1 Plant Causes of Cardiac Glycoside
Poisoning

At least 34 plant genera contain cardiac glycosides that
are potentially toxic to man and animals, but relatively
few have attained importance as causes of animal poison
ing.%1297.204205 The most important cardiac glycoside-
containing plants in North America are listed in Table 9.12.
These include milkweeds (Asclepias spp.), foxglove
(Digitalis spp.), oleander (Nerium oleander), and lily of the
valley (Convallaria majalis), which are widely grown as
ornamental plants and have escaped to become
established in the wild. Dogbane or Indian hemp
(Apocynum cannabinum) is an indigenous plant containing
cardiac glycosides but it is rarely a problem to livestock.

9.10.11.2 Milkweeds (Asclepias spp.)

Milkweeds are common cardiac glycoside-containing
plants that are widely distributed throughout much of
North America and are toxic either green or dried.
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Table 9.13 Common toxic milkweeds.

Common Name Scientific Name Toxicity*

Labriform milkweed Asclepias labriformis ~ 0.05

Horsetail or whorled A. subverticillata 0.2
milkweed

Eastern whorled milkweed  A. verticillata 0.2
Woolypod milkweed A. eriocarpa 0.25
Spider, antelopehorn A. asperula 1-2
milkweed

Plains or dwarf milkweed A. pumila 1-2
Swamp milkweed A. incarnata 1-2
Mexican whorled milkweed  A. mexicana 2.0
Showy milkweed A. speciosa 2-5
Broad-leaf milkweed A. latifolia 1.0
Slim-leafed milkweed A. stenophylla ?
Butterfly milkweed A. tuberosa ?
Green milkweed A. hirtella ?
Green antelopehorn A. viridis ?
milkweed

Blood flower A. curassavica ?

* Amount of green plant ingested as percent of body weight that
is lethal (adapted from Kingsbury?*® and Ogden?'’).

Milkweed species identified to cause cardiac glycoside
poisoning in sheep, goats, cattle, horses, and domestic
fowl are listed in Table 9.13, as are their relative toxic-
ities.!21%9206-208 Greatest losses have occurred in sheep on
western rangelands, but all animals are susceptible to
poisoning, especially when other forages are scarce or
milkweed is incorporated into hay.!**2%

Milkweeds are perennial native plants with erect
stems that have either broad-veined 2.5-5.0 inches
(6-12cm) leaves or narrow linear leaves seldom more
than 1.0-1.5 inches (2-4cm) wide, arranged either
alternately or in whorls. Most species of milkweed
(except butterfly weed, A. tuberosa) contain a milky sap.
The flowers are produced in terminal or axillary umbels
consisting of two five-parted whorls of petals, the inner
one modified into a characteristic horn-like projection
(Figure 9.67). The color of the flowers varies from
greenish white to orange/red. The characteristic pod
contains many seeds, each with a tuft of silky white
9.68). The species
(Figure 9.69) generally tend to be the most toxic. A toxic

hairs (Figure narrow-leafed
dose of narrow leafed milkweed is 0.2% of body weight
in green plant material.?’® Milkweeds grow in open
areas along roadsides, waterways, and disturbed areas,

preferring the sandy soils of plains and foothills. Over-
grazing will enhance the encroachment of milkweed.

9.10.11.3 Foxglove (Digitalis purpurea)

Foxglove is a native plant of Europe that was introduced
to North America and escaped cultivation to become
widespread in the northwest. It prefers disturbed rich
soils along roadsides, fences, and unused areas. It is a
perennial herb growing 3-5 feet (1-2m) tall with
alternate toothed, hairy basal leaves. The characteristic
purple or white tubular pendant flowers have
conspicuous spots on the inside bottom surface of the

tube (Figure 9.70).

9.10.11.4 Oleander

Oleander (Nerium oleander) was introduced from the
Mediterranean. It is an evergreen, showy, flowering
shrub found in southern states from California to
Florida. It is also grown as a potted house plant.
Oleander is a perennial shrub or small tree up to 25 feet
(8 m) tall with whorled, simple, narrow leathery leaves.
All parts of the plant contain a sticky white sap. The
showy white, pink, or red flowers (Figure 9.71) with
five or more petals are produced in the spring and
summer. Fruit pods contain many seeds, each with a
tuft of brown hairs.

Yellow oleander, be-still or lucky nut tree (Thevetia
peruviana) is a perennial branched shrub or small tree
growing 30 feet (9m) tall with dark green, glossy,
alternate linear leaves up to 6 inches (15cm) long
and 0.5 inch (1cm) wide containing a milky sap. The
yellow to orange, showy, five-petalled tubular flowers
are produced in clusters at the ends of branches
(Figure 9.72).

Thevetia thevetioides is similar but tends to be much
larger and has larger yellow flowers. Fruits are fleshy
and triangular, turning yellow to black when ripe.
Both species, native to tropical America, are widely
cultivated in the southern United States and Hawaii
and are a potential source of cardiac glycoside poisoning
in all animals.

9.10.11.5 Pheasant’s Eye (Adonis aestivalis)

Pheasant’s eye is an introduced species from Europe
that has become an invasive weed in some areas of
North America. An annual, erect stemmed plant 8-40
inches (20-100 cm) tall with a taproot, basal leaves 1.2-
2.0 inches (3-5cm), pinnatifid, and 2-3 times divided.
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Flowers are showy, 0.6-1.4 inches (1.5-3.5 cm) in diam-

eter with 6-8 petals; sepals appressed to petals, orange
yellow, scarlet, or bright red-purple, usually with dark
purple blotch at the base of the petals (Figure 9.73).
Several cardenolides including adonitoxin, cymarin,
and K-strophanthin are more potent than digitoxin and
inhibit membrane-bound Na/K ATPase. Horses are
most often poisoned by eating hay contaminated with
the plant and exhibit gastrointestinal signs of colic, ileus,
muscle tremors, tachycardia, and severe signs of shock.

Figure 9.67 Milkweed flowers (Asclepias
speciosa) showing the characteristic
horn-like modified petal.

Figure 9.68 Milkweed pods and seeds
(Asclepias subverticillata).

9.10.11.6 Toxicity of Cardiac Glycosides

Cardiac glycosides are found in all plant parts and their
concentrations are highest during rapid growth of the
plant. Toxicity varies with the plant and growing condi-
tions; however, all oleanders, foxglove, pheasant’s eye,
and narrow-leafed milkweeds should be considered poten-
tially poisonous.?!’ Only small amounts of these plants
need to be eaten to invoke the potent effect of the toxins.
In cattle and horses, as little as 0.005% of body weight or
less than 1oz for an 11001b horse (25g/500kg) of green
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Figure 9.69 Narrow leafed or whorled milkweed (Asclepias
subverticillata).

oleander leaves is reportedly lethal.?® About 21b of green
labriform milkweed is lethal to an 11001b (500kg) horse.
The relative toxicities of various species of milkweeds are
given in Table 9.13. Horses, however, rarely eat green
oleander or milkweed plants, apparently because of their
taste, but seem to find the dried leaves more palatable.
Because cardiac glycosides are retained in dried plants,
although in reduced quantities, oleander, pheasant’s eye,
and milkweed pose the greatest threat if present in hay.
The most important of the cardiac glycosides are
digoxin and digitoxin, present in Digitalis spp. and Adonis
spp., oleandroside and nerioside in Nerium oleander, the-
vetin in yellow oleander (T. peruviana), and cardenolides
in milkweed. Acute death from these plants results from
their cardiac glycoside digitalis-like cardiotoxicity. This
effect inhibits the cell membrane’s sodium/potassium
pump, resulting in irregular depolarization of myocar-
dial cells.' This results in disorganized cardiac electrical
activity that is manifested as a variety of arrhythmias
and eventually cardiac arrest. The glycosides also

Figure 9.70 Foxglove (Digitalis purpurea).

act directly on the gastrointestinal tract, causing
hemorrhagic enteritis that results in vomiting, colic,
and diarrhea.?®® The cardiac glycosides, at least those
in milkweed, also act on the respiratory and nervous
systems, potentially causing dyspnea, muscle tremors,
seizures, and head pressing.?!22!?

9.10.11.7 Clinical Signs of Cardiac Glycoside
Poisoning

Animals consuming cardiac glycoside-containing plants
are often found dead 8-10h later due to the profound
effects of the toxins on the heart. Colic, vomiting, and
diarrhea are also commonly encountered in animals
poisoned with cardiac glycosides. If observed early in
the course of poisoning, animals will exhibit labored
breathing that may be rapid, although it is slow in sheep
poisoned by milkweed. They also exhibit muscular
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Figure 9.72 Yellow oleander (Thevetia peruviana) flower and fruit.

tremors, ataxia, inability to stand, bloating, and colic
prior to death.!*?02> Horses, once recumbent, have
periods of tetany and chewing movements.!? The
extremities are cold and there is a rapid, irregular and
weak pulse due to the decreased cardiac output. All types
of cardiac arrhythmias and heart blocks may be encoun-
tered at various stages of cardiac glycoside poisoning.?"
The duration of symptoms rarely exceeds 24 hours
before death occurs. Convulsions prior to death are not
common. There are no specific postmortem lesions in
affected animals, but congestion of the lungs, stomach,
and intestines is observed. Hemorrhages on the surfaces
of the lungs, kidneys, and heart are commonly present.

Figure 9.71 Oleander (Nerium oleander)
flower with seed pod.

Figure 9.73 Pheasant’s eye (Adonis aestivalis).

9.10.11.8 Treatment of Cardiac Glycoside
Poisoning

There is no specific treatment for counteracting the
effects of cardiac glycosides. Horses should be given
adsorbents such as activated charcoal (2-5g/kg) by
nasogastric tube with a saline cathartic to prevent
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further toxin absorption. Cardiac irregularities may be
treated by carefully administering antiarrhythmic
drugs such as potassium chloride, procainamide, lido-
caine, dipotassium EDTA, or atropine sulfate. Although
potassium administration helps control the severity of
signs, potassium containing fluids should be adminis-
tered only if hyperkalemia is not present and serum
potassium concentration can be monitored closely.
Intravenous fluids containing calcium should not be
given because calcium augments the effects of the
should be
removed from the source of the plants, given fresh

cardiac glycosides. Poisoned animals
water, good-quality hay, shade, and kept as quiet as
possible to avoid further stress on the heart. Animals
that have not consumed a lethal dose of the plants

recover over several days.

9.11 Larkspur

Larkspur poisoning is of greatest concern for cattle,
causing more cattle fatalities in the western United
States than any other naturally occurring plant
species.?!*2!> Horses are not as susceptible as cattle to the
alkaloids in larkspur and are rarely poisoned. However,
consumption of larkspur has the potential for causing
poisoning in horses.

There are at least 80 species of larkspur or poison
weed (Delphinium spp.) in North America, most of
which grow in the western United States.?'> Larkspurs
are erect, perennial herbaceous plants with simple or
branched hollow stems and alternate, palmate divided
leaves. The flowers are perfect and irregular and are car-
ried in terminal racemes. They vary in color from white
to red to dark blue/purple. The flower has five sepals,
the uppermost one having an obvious spur (Figure 9.74).
The corolla comprises two sets of two petals each with
the two lower ones forming a claw and the upper two
extending into the spur.

Larkspur poisoning is related to the quantity of toxic
alkaloids in the plant. This varies with the plant species,
stage of growth, amount ingested, and duration that the
plant is eaten. Young, rapidly growing plants are the
most toxic and the highest concentration of toxic alka-
loids is in the leaves and flowers. Delphinium barbeyi is
the most toxic of the larkspurs.'¢*2!>2¢ As little as 0.5%
of body weight of green D. barbeyi is lethal to cattle.?!”
Sheep can tolerate 3—4 times as much larkspur as cattle

Figure 9.74 Larkspur or poison weed (Delphinium spp.)
showing the characteristic spur of the flower.

and horses appear to be between cattle and sheep in
susceptibility to larkspur poisoning.?’> A horse could
therefore be poisoned by eating an amount equal to
1-2% of body weight in green larkspur, depending on
the alkaloid content of the plant.

Larkspurs contain many diterpenoid alkaloids, 36 of
which have been identified in the nine larkspur species
that are most frequently associated with cattle poi-
soning.'” To date, the most toxic of the alkaloids isolated
from larkspur is methyllycaconitine.!”>*'® The toxicity of
the different larkspur species is, however, probably due
to the combined effects of several alkaloids. The alkaloids
act primarily at the neuromuscular junction (postsyn-
aptic, nicotinic, and cholinergic receptors), causing a
curare-like blockade with resulting muscle weakness
and paralysis.?*!7

Clinical signs of larkspur poisoning are best described
in cattle but are similar in affected horses, sheep, and
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goats. Sudden death is often the first indication of lark-
spur poisoning. Poisoned cattle initially show uneasi-
ness, increased excitability, and muscle weakness that
causes stiffness, staggering, and a base-wide stance. The
front legs may be most severely affected, causing the
animal to kneel before finally becoming recumbent.
Frequent attempts to stand are uncoordinated and
result in rapid exhaustion. Muscle twitching, abdominal
pain, regurgitation, bloat, and constipation are common
clinical findings. Aspiration of regurgitated rumen con-
tents commonly leads to severe pneumonia and death.
Cattle frequently die within 3-4 hours of consuming a
lethal dose of larkspur.

Early diagnosis of larkspur poisoning through recogni-
tion of clinical signs and observation that horses have
eaten larkspur is essential for successful treatment. Stress
and excitement should be avoided as it will exacerbate
respiratory distress and hasten death. Physostigmine
(0.08 mg/kg, IV) has been shown to be effective in cattle
about to collapse from larkspur poisoning.'®® Although
not tested in horses, a similar dose may be used. Its
administration may be repeated as needed over several
hours until clinical signs have abated.

9.12 Monkshood

Monkshood or aconite (Aconitum spp.) frequently grows
in the same habitat as larkspur and the alkaloids present
in monkshood are similar in effects and toxicity to those
of larkspur. The treatment for monkshood poisoning,
therefore, is the same as for larkspur poisoning.
Monkshood is a perennial herbaceous plant with tall
leaty stems. The leaves are alternate, palmate lobed or
parted, and similar to those of larkspur. The flowers are
usually deep blue purple but occasionally white and
carried on simple racemes or panicles. The flowers have
five sepals that are petal-like with the upper sepal being
larger and forming a characteristic helmet or hood
(Figure 9.75). There are 2-5 petals, usually concealed
within the hooded sepal.

9.13 Poison Hemlock

Poison, European, or spotted hemlock (Conium macula-
tum), although rarely eaten by horses or other livestock,
will cause sudden death if consumed in even small

Figure 9.75 Monkshood or aconite (Aconitum columbianum)

amounts. Originally introduced from Europe, poison
hemlock is found throughout North America growing
along roadsides, ditches, cultivated fields, and waste
areas, especially where the ground is moist. It is an
erect, 3—6 foot (1-2m) tall biennial or perennial plant.
The branching stems are hollow and hairless, have
purple spots especially near the base, and arise from a
simple carrot-like tap root. Leaves are alternate, 3—4
times pinnately dissected, coarsely toothed, with a fern-
like appearance. The terminal inflorescence is a
compound, flat-topped, loose umbel with multiple,
small, white five-petaled flowers (Figure 9.76). The
fruits are gray-brown, ovoid, ridged, and easily separated
into two parts.

At least five piperidine alkaloids, including coniine,
are found in all parts of the plant, but especially in the
leaves and stems prior to development of the fruit.
Plants growing in the warmer southern states appear to
be more toxic than those in the northern areas. Poison
hemlock is toxic to all animals, including people.'?
Livestock seldom eat the plant because of its strong



Poisonous plants 177

Figure 9.76 Poison, European, or spotted hemlock (Conium
maculatum) showing the carrot-like leaves and spots on the
stems.

pungent odor, but will do so if no other forage is avail-
able. Cattle have been fatally poisoned by eating as little
as 1lb (0.45kg) of green poison hemlock plant. The
mature or dried plant is less toxic.

Signs of poisoning develop within an hour of eating
poison hemlock and, if a sufficient quantity has been
consumed, death from respiratory failure occurs in
2-3h. Salivation, colic, muscle tremors, and ataxia
occur initially, followed by dyspnea, dilated pupils,
weak pulse, cyanosis, coma, respiratory paralysis, and
death.?'”?20 Abortions may occur in pregnant animals
that survive acute poisoning.'?

Poison hemlock may cause abnormal fetal devel-
opment if it is eaten early in gestation by ewes or
sows,?2221 but abortion has not been reported in mares.'?!
Affected offspring may be born with crooked legs,
deformed necks and spines, and cleft palates that are

indistinguishable from similar deformities caused by
the teratogenic effects of Lupinus and Nicotiana
spp.!9186:190.221-223 Although pregnant mares may exhibit
the acute neurologic and gastrointestinal signs of
poison hemlock poisoning, the fetus appears to be
unaffected.'”!

Treatment should be directed at preventing further
absorption of the toxin from the gastrointestinal tract
and, if possible, providing positive pressure ventilation if
respiratory paralysis is imminent. Respiratory stimu-
lants are of questionable efficacy. Activated charcoal
(0.5kg/500kg) in water with a saline cathartic should
be given via nasogastric tube. Kaolin/pectin suspension
(4L) administered may also be used to prevent toxin
absorption. Mineral oil may be administered (4 L/450kg)
as a laxative 4-6h following the absorbents.

9.14 Water Hemlock

Water hemlock (Cicuta spp.) is extremely toxic, causing
violent convulsions and sudden death within hours of
consuming even a small amount. It is a stout, erect,
hairless perennial growing to a height of 4-6 feet (1.2—
1.8m) from a close cluster of 2-8 thick tuberous roots.
At the base of the hollow stem is a series of tightly
grouped partitions containing an acrid yellow fluid
(Figure 9.77). The leaves are alternate and 1-3 times
pinnate; the lanceolate leaflets are 1-4 inches (3-10cm)
long, with toothed edges. The flowers are white and
form a loose compound umbel (Figure 9.78). The fruits
are oval and flattened laterally with prominent ribs.
There are many species of water hemlock, with C. macu-
lata found in the eastern half of North America and
C. douglasii in the western half being the most common.
Wet meadows, riverbanks, irrigation ditches, and water
edges, are typical habitats.

The toxin in water hemlock is cicutoxin, a highly
unsaturated alcohol and one of the most poisonous
compounds known. All animals, including people, can
be fatally poisoned by eating as little as 0.1-0.2 0z/1001b
(50-110mg/kg) body weight of the plant. The lethal
dose of fresh green C. douglasii for an adult horse is
about 0.51b (250g)."?* All parts of the plant, including
the fluid found in the hollow stems are toxic. However,
the toxin is concentrated in the roots. The roots are
easily pulled up, as the ground is usually wet. Livestock
consuming a single root are usually fatally poisoned.
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Figure 9.77 Water hemlock (Cicuta douglasii) tuberous roots
and hollow partitioned stems.

The plant remains toxic when dry, although the mature
leaves in late summer seem to have minimal toxicity to
cattle. The roots, however, are highly poisonous at all
times and 0.5% (wet weight) of body weight is fatal to
horses'12,220,224

Cicutoxin is a potent neurotoxin causing rapid onset
of muscle tremors and violent convulsions. Salivation,
vigorous chewing movements, and teeth grinding are
common. During the convulsions, animals have been
known to bite off their tongues. Signs appear within a
few hours of eating water hemlock and progress rap-
idly to convulsive seizures and lateral recumbency.
Poisoned animals have dilated pupils and progress to a
comatose state before dying from respiratory paralysis
and asphyxia.

There is no specific antidote to cicutoxin. The animal
should be heavily sedated or anesthetized to reduce the
severity of the convulsions and laxatives should be
given to hasten removal of the plant from the digestive
system when possible.

Figure 9.78 Water hemlock (Cicuta maculatum) umbel
inflorescence and leaves with serrated edges.

9.15 Yew

Horses are highly susceptible to yews (Taxus spp.) with
ingestion resulting in death following ataxia, nervous-
ness, dyspnea, diarrhea, and convulsions.?” Yews
are evergreen shrubs or small trees with glossy, stiff,
dark green, linear leaves 1.2-2.7 inches (3-7 cm) long
with pointed ends, closely spaced on the branches.
Inconspicuous axillary male and female flowers are
produced on separate plants, forming showy red to
yellow fruits containing a single seed (Figure 9.79).
Several species of yew grow naturally or are grown as
ornamental plants in North America. Yews generally
prefer humid moist environments. Western yew (7Taxus
brevifolia) and Canada yew (Taxus canadensis) are two
indigenous species. English yew (Taxus baccata) and
Japanese yew (Taxus cuspidata) are commonly culti-
vated, non-native species in North America.
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Figure 9.79 Yew (Taxus spp.) showing the
fruits that resemble a pitted olive.

Yews contain the potent alkaloid taxine in all parts of
the plant, green or dried, except the fleshy aril sur-
rounding the seed.'>?*® Horses are highly susceptible to
the cardiotoxic effects of the alkaloid, frequently dying
shortly after eating small quantities of the plant (an
amount equal to 0.05% of body weight in green
leaves).''® Livestock are often poisoned when fed yard
trimmings from yews.

Sudden incoordination, nervousness, difficulty in
breathing, slow heart rate, diarrhea, convulsions, and
death are characteristic of yew poisoning in all ani-
mals.'>?°723%23 Sudden death may be the only clinical
sign observed in horses. There is no effective treatment
for acute yew poisoning. A diagnosis of yew poisoning is
usually made from the history of access to yew and
sudden death, and pulmonary congestion, hemorrhage,
and yew leat fragments in the stomach at post-
mortem.***#*! Taxine alkaloids in stomach contents can
be detected using liquid chromatography and mass
spectrometry.?*

9.16 Death Camas

Horses that consume a sufficient amount of death
camas (Zigadenus spp.) salivate and develop colic and
ataxia and die within several days. There are approxi-
mately 15 species of death camas whose habitats range
from moist mountain valleys to drier sandy hills and
plains.'? They appear in early spring, often growing
amongst wild onion. They are herbaceous hairless
perennials with grass-like, linear, V-shaped, parallel-
veined leaves arising basally from an onion-like bulb

6-8inches (15-20 cm) below the soil surface (Figure 9.80).

However, death camas leaves are not hollow like those
of onions, nor do they smell like onions when crushed.
The bulb is covered with a membranous black outer
coat. The inflorescence, a terminal raceme or panicle,
has small, perfect, greenish white to yellow or pink
flowers. The six-numbered perianth segments are
separated, each with a gland at its base.

Several alkaloids, including zigacine and zigadenine
are found in all parts of the plant, but especially the
bulb.!? Sheep are most frequently poisoned by death
camas, but cattle, horses, and pigs may be affected."
Poisoning is most likely to occur in early spring when
few other plants are available and the succulent shoots
are especially enticing.

Sheep show signs of poisoning after eating as little as
0.51b (0.25kg) of green plants. Convulsions, coma, and
death occur if sheep eat 2-3% of body weight in green
plants. Poisoning may occur in horses after they have
eaten about 8-101lb (4kg) of plants. Salivation, colic,
muscular weakness, and a staggering gait are reported
in horses, with death occurring after several days. There
are no specific lesions on postmortem examination.

In most cases of death camas poisoning, little can be
done to reverse the toxicosis. Atropine sulfate (4mg,
SC) and picrotoxin (8 mg in 10 ml isotonic saline/100kg)
are reported to be effective in treating early poisoning in
sheep.’”!¢ The effectiveness in horses is not known.
Horses may be given activated charcoal (0.5kg/500kg)
or kaolin/pectin suspension (4L) to decrease further
alkaloid absorption. Supportive therapy, including
intravenous fluid administration and analgesics is
beneficial to manage signs of colic.
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Figure 9.80 Death camas (Zigadenus paniculatus).

9.17 Avocado

Horses, cattle, goats, rabbits, and birds have been poisoned
from eating leaves and other parts of the Guatemalan
variety of avocado Persea americana var. guatemalen-
$is.2>171:232233 The Mexican or smooth-skinned variety does
not appear to be toxic.” The flesh of the ripe avocado fruit
of neither variety is toxic. Horses are most likely to eat
avocado plants if they are pastured in avocado orchards
and normal forages are depleted. The toxin in the avocado
plant is undefined. Horses develop a variety of clinical signs
after eating the fruit, seeds, or leaves of avocado trees,
including colic, diarrhea, and edema of the ventral
abdomen, head, and neck.”” In severely affected animals,
there is marked edematous swelling of the head that is
painful and causes upper respiratory dyspnea. Hydrothorax
may develop, muffling heart sounds on auscultation.
Elevation of serum creatinine phosphokinase and aspartate
aminotransferase activity indicates muscle damage consis-
tent with congestive heart failure.?” Goats experimentally

poisoned with avocado leaves died within 48 hours and
showed coagulative necrosis of the myocardium.** Birds
also develop a cardiomyopathy.?** In addition to the cardio-
toxic effects of avocado, lactating mares and goats develop
a noninfectious mastitis and agalactia due to necrosis of
glandular epithelium of the mammary gland.?*?*® Horses

should not be pastured in avocado orchards.

Glossary

Annual A plant that lives only one growing
season

Aril A fleshy, usually colored, covering or
attachment to a seed

Alternate Singly along the stem, one leaf to a node

Awn Bristle usually terminating a plant part

Axillary Located at the junction of the leaf and
the stem

Biennial A plant that lives two growing seasons

Bract A small leaf-like structure surrounding
or below a flower

Calyx An outer series or row of petals

Catkins A scaly, spike-like inflorescence bearing
unisexual flowers without petals, as in
willows and cottonwoods

Chlorophyll The green pigment of plants

Corolla Collective term for petals

Cordate Heart-shaped

Cyme Flat-topped flower cluster, with the
center flowers blooming first

Dentate Tooth-like projections perpendicular to
the leaf margin

Dioecious Flowers that are unisexual; the stami-
nate and pistillate are borne on sepa-
rate plants

Diterpenoid A compound with two hydrocarbon rings

Elliptic A leaf that is tapered at both ends and
widest in the middle

Fimbriate Fringed

Flower, disk

Flower, ray

Follicle

Frond

A tubular flower in the central part of
the floral head

A single, petal-like symmetric flower
around the edge of the floral head, as in
sunflowers

A dry, dehiscent fruit that splits down
one side only, as in milkweeds

Leaf of a fern
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Inflorescence
Glabrous
Hastate

Involucre

Lanceolate
Lectins

Lenticels
Monoecious

Monoterpene
Node
Nutlet
Obovate
Ocrea
Orbicular
Ovary
Ovate
Opposite
Palmate
Panicle

Pappus

Pedicel
Perennial

Perianth
Petal

Petaloid
Petiole

Pinnate

Pistillate

The flowering part of the plant
Smooth, without hairs

Shaped like an arrowhead, with the
basal lobes turned outward

A circle of bracts under or at the base of
a flower

Lance-shaped

A plant protein with carbohydrate-
binding properties

Wart-like spots on the bark

Staminate and pistillate flowers on the
same plant

A single-ringed hydrocarbon (C, H )
The point of leaf attachment on the stem
A small nut

Ovate leaf with the widest part near the
apex and attached to the stem at its
narrow end

United appendages (stipules) surround-
ing the base of the petiole or leaf stock
Circular in outline

Swollen base of the pistil (female repro-
ductive organs of the flower) in which
seeds form

Egg-shaped in outline, with attachment
to the stem at its wide end

Two leaves per node or point of leaf
attachment

Leaf lobes spreading like fingers on the
palm of the hand

A compound raceme with the flowers
on the terminal branchlets

Bristles at the tip of the single non-
splitting fruit of the sunflower family
Stalk of a single flower

A plant living more than two growing
seasons

Collective term for flower structures
One of the individual parts of the
corolla or petals

Having the form or appearance of a
petal

The leaf stalk

A compound leaf generally with pairs
of leaflets along the rachis or the main
stem bearing the leaves

A flower with only female reproductive
structures

Pome

Raceme

Rachis

Rhizome

Saponins

Sepal

Serrate

Sessile
Shrub

Stamen
Staminate
Stipules
Style
Stylopodium

Taproot
Tuberous

Umbel

Weed

Whorled

An apple-like fruit

An arrangement of flowers along a stem
with one flower per node and the youn-
gest flowers toward the apex

The main stem or axis bearing flowers
or leaves

An underground laterally growing stem
that sends out shoots above ground and
roots below

Plant glycosides capable of producing
soap-like stable foam with water

Outer part of the flower or perianth,
which is usually green

With pointed or sharp forward-pointing
teeth

Without a stalk of any kind

Woody perennial, smaller than a tree,
usually with several basal stems
Pollen-bearing structures of the flower
Having stamens only

Small leaf-like structure just below the
leat’s attachment to the stem

The stalk attached to the tip of the ovary
A disk-like expansion of the style

The primary carrot-like root

A thickened potato-like root, usually an
underground stem with numerous eyes
or nodes

A flat or rounded flower cluster in
which the stalks radiate from a common
point like an umbrella

“A plant whose virtues have not yet been
discovered” — Ralph Waldo Emerson

A circle of three or more leaves or
branches at a node on the stem

Supplemental Reading

Poisonous Plants of the United States and Canada, John M.
Kingsbury (Prentice-Hall Inc, Englewood Cliffs, NJ,

1964). This text provides historical information on poi-

sonous plants

in North America. It is particularly

valuable when seeking information on early reports of

plant poisoning, as it has an extensive bibliography cov-

ering plant poisoning reports from the beginning of the

eighth century. Botanically, the book covers all groups

of toxic plants. The limitation of the book is that it
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contains relatively few color photographs that would
make plant identification easier for those that are not
botanists. There has been no other edition of the book
since 1964.

Toxic Plants of North America, George E. Burrows and
Ronald J. Tyrl (Iowa State Press/Ames 2001). This is the
most authoritative and comprehensive book on plant
poisoning of animals in North America. It has an exten-
sive bibliography and covers many new plant toxicities
that are absent from Kingsbury’s book. It is however
relatively expensive and has relatively few photographs,
relying on line-drawing illustrations

A Guide to Plant Poisoning of Animals in North America,
Anthony P. Knight and Richard G. Walter (Teton New
Media, Jackson, Wyoming 2001).

This book provides useful information to the horse
owner while not being as expensive as the former. The
book is organized by the major presenting clinical signs
of poisoning with important poisonous plants illus-
trated with color photographs and their distribution,
toxic principle, clinical signs, and treatments where
possible.

Weeds of the West, Tom D. Whitson, published by the
University of Wyoming in cooperation with the Western
Society of Weed Science and the Western United States
Land Grant Universities Cooperative Extension Services.
(Pioneer of Jackson Hole, 132 West Gill Street, Jackson
Hole, WY, 83001, 1991.) This book, although geograph-
ically limited to plants of the Rocky Mountain-Great
Plains area of the United States and covering weeds that
are not necessarily toxic, has outstanding color photo-
graphs of each plant that makes identification easy. It is
written for livestock owners and is a useful book for
weed identification important to pasture management.
It does not, however, cover the toxicology of plants
other than to mention those that are likely to be a
problem to animals. With over 600 color pictures of the
common important weeds, this book is well worth
possessing.
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Abortion, 121, 156, 163-165, 177
Acepromazine, 16, 57
Acid detergent fiber (ADF), 75, 83
Acorn, 123, 124
Acute interstitial pneumonia, 95
Adiponectin, 77
Adiposity, regional, 74-76, 81
Adonintoxin, 172
Adrenocorticotrophic hormone (ACTH), 81, 86
Aesculin, 121
Aflatoxicosis, 29, 103-106, 136
Aflatoxin, safe level in feed, 106
Agalactia, 180
Airborne dust concentration (ADC), 92, 95
Albumin, 13
Alfalfa, 10, 28, 35, 36, 38, 58, 67
Alfalfa pellet, 99
Alkali disease, 141, 159, 160
a mannosidosis, 141
Alsike clover Trifolium hybridium, 132, 138
Amino acids, 22, 25, 27, 97, 129, 135-137, 153, 163
arginine, 137
sulfur-containing, 137, 153, 163
Ammonia, 135, 136
Amylase, 11, 59, 61, 62
Anaplocephala perfoliata (tapeworms), 31, 39
Andromedotoxin, 124
Anemia, 131, 132, 161-164
Anemone, 126
Antioxidants, 51, 55
Aplastic anemia, 146
Appetite stimulants, 16
Arabian, 60, 62, 74
Arginine, 137
Arrhythmia, 173, 174
Arrow grass, goose grass Triglochin spp, 166, 169, 170
Arsenic, 155
Ascelpias
A. speciosa, 172
A. subverticillata, 172, 173
Aspartate aminotransferase (AST), 52, 61, 62, 76, 180
Aspartic acid, 143
Aspergillus
A. bombycis, 104
A. flavus, 104
A. fumigatus, 92, 95, 104
A. niger, 106
A. nominus, 104
A. ochraceus, 104

A. parasiticus, 104
A. pseudotamarii, 104

Ataxia, 121, 125, 139-141, 145, 146, 148, 151, 174, 177-179

Atropine, 109, 123, 128, 152, 179
Avocado Persea americana, 121, 166, 180
Azalea Rhododendron catawbiense, 120, 124

Balancer pellet, 83, 84

Bastard toadflax Comandra pallida, 155

Beard tongue Penstemon spp, 155, 157, 160

Bedding, 92, 93

Beet pulp, 17, 67, 78, 87

Behavioral changes, 141

B-hydroxyacl CoA dehydrogenase, 63

Be-still, lucky nut tree Thevetia thevetioides, 166, 171

Bicarbonate, 57, 58

Bile acids, 136

Bile duct hyperplasia, 135, 136

Birdsville indigo Indigofera dominii, 132, 136, 137

Bishop’s weed Ammi majus, 129, 130

Bitterwood Quassia simarouba, 121

Black locust Robinia pseudoacacin, 126-128

Black walnut Juglans nigra, 79, 149, 150

Blind staggers, 141, 159, 160

Blisters, 121, 126

Blood transfusion, 162-164

Blood urea nitrogen, 124

Bob tail disease, 160

Body condition score (BCS), 1, 5-7, 12, 13, 73, 75, 80,
82, 85, 86

Body weight calculation, 12

Botulism, 98, 146

Bracken fern Pteridium aqualinum, 146, 147

Bradycardia, 147

Bran

rice, 64, 65, 67, 87
wheat, 17, 35, 67
Breathing zone, 91, 93, 95
Bristle grass, 120

Broom, turpentine, snake, or match weed Gutierreza sarothrave,

155, 156, 158
Buckeye, horse chestnut, 121-123
Aesculus

A. californica, 121

A. glabra, 121

A. octandra, 121

A. pavia, 121
Buckwheat Fagopyrum esculentum, 129-132
Budsage Artemisia spinesceus, 139
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Burdock Arctium spp, 120

Burro, 6

Burrow weed H. tenuisectus, 120, 145, 146
Buttercup Ranunculus spp, 120, 126

Calcification, 129, 152
Calcinosis, 151, 152
Calcium, 56, 98

deficiency, 121

supplementation, 55
Canola oil, 65
Carbohydrates, 11, 28, 74, 75, 78-81, 87
Cardenolides, 172
Cardiac arrest, 128, 173
Cardiac glycoside, 170-174
Cardiomyopathy, 180
Cardiotoxin, 164, 173, 179
Carnitine, 63
Castor oil plant Ricinus communis, 126-128
Cervical vertebral malformation, 97, 98
Charcoal, 126, 128, 146, 174, 177, 179
Cholestasis, 138
Chromium, 63, 85
Cicutoxin, 177, 178
Citrate synthase, 63
Clematis spp, 126
Clostridium spp, 29
Clotting times, 164
Coagulopathy, 163, 164
Coastal Bermudagrass, 10, 31, 32, 39
Cockspur hawthorn Cratageus crusjalli, 121
Coffee senna, coffee weed, 149-151

Colic, 9, 27, 120, 121, 126, 128, 150, 159, 163, 172, 173, 177,

179, 180
Colon displacement, 36
Colon volvulus, 37
Coma, 125, 135, 147, 177-179
Complete pelleted feed, 17, 20, 30-33, 39, 99
Concentrates, 28, 29, 36, 37, 58, 77, 83
Congestive heart failure, 121, 180
Coniine, 176
Convulsions, 108, 138, 166, 169, 174, 177-179
Copper, 53, 93, 94, 98, 100, 154, 155, 161
Corn, 11, 17, 29, 30, 58, 64, 67, 78, 103, 161
Corneal opacity, 138, 145
Corn oil, 65
Cortisol, 59, 81
Cottonseed, 161
Creatine kinase, 52, 56-59, 61-65, 180
Creeping indigo Indigofera spicata, 132, 136-138
Cresty neck, 74, 75, 80, 81
Crofton weed Eupatorium adenophorum, 120, 146
Crotocin, 111
Cyanide, 165-170
Cyanoalanine, 148, 165
Cyanogenic glycosides, 148, 165, 167
Cyanosis, 163, 177
Cyclopiazonic acid (CPA), 104
Cyclops, 164
Cymarin, 172
Cyproheptadine, 16
Cysteine, 137, 153, 163
Cystitis, 148

Dandelion Taraxacum officinale, 153
Dantrolene, 57

Day blooming jessamine, wild jessamine Cestrum diurnum, 151, 152

Deandroside, 173

Death, 117, 120, 121, 124, 125, 129, 133-135, 138, 146, 150, 158,

159, 162, 163, 165, 173, 174, 176, 177, 179
Death camas Zigadenus spp, 120, 166, 179, 180
Demyelinization, 148
Deoxynivalenol (DON), 110-113
Depression, 131, 132, 145-147, 150
Dermatitis, 131, 136, 148, 149

contact, 129
Developmental orthopedic disease, 5, 97
Dew poisoning, 138
Diacetoxyscirpenol (DAS), 110
Diarrhea, 14, 126, 128, 173
Diazepam, 16, 128
Dicoumarol, 163, 164
Digestible energy requirement (DER), 14
Digitoxin, 173
Digoxin, 173
1,25 dihydroxy-cholecalciferol, 152
Dipterpenoid alkaloids, 175
Diterpenes, 124
Donkey, 6, 27, 124
Dopamine, 144
Draft horse, 5, 59-61, 64
Duodenitis/ Proximal jenunitis, 29
Dust mites, 92, 95
Dyspnea, 136, 143, 173, 177-180

Echinatine, 133
Edema, 180
Elderberry, 166, 168, 169

Sambuccus

S. canadensis, 168
S. racemosa, 168

Electrolyte supplementation, 54, 67, 68
Embellisia spp, 141
Endotoxin, 80, 92
Enteral nutrition, 17
Enterolith, 1, 10, 35, 40
Equine degenerative myelopathy (EDM), 99-101
Equine dysautonomia (Grass sickness), 29
Equine leukoencephalomalacia (ELEM), 103, 106-108
Equine metabolic syndrome (EMS), 2, 5, 64, 73
Equine motor neuron disease (EMND), 52-54, 100, 101
Estrogenism, 113
Exercise

cervical vertebral malformation, 97, 98

obesity, weight loss, 85

pituitary pars intermedia dysfunction, 86

polysaccharide storage myopathy, 63
Exercise-induced pulmonary hemorrhage (EIPH), 95
Exertional rhabdomyolysis

recurrent (RER), 51, 55-59

sporadic (ER), 5, 51, 54, 55

Fagopyrin, 129, 131
False golden weed Oonopsis spp, 155
Fasting, 14
Fat, 58, 63-66, 87
insulin resistance, 87
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Fatty acids, 60, 63, 64
Fecalith, 35
Feed analysis, 74
Feed refusal, 111, 124
Fetterbush Leucothoe spp, 124, 125
Fiddleneck Amsinckia intermedia, 132-134
Fish meal, 161
Fish oil, 65, 95
Flatweed, false dandelion, cat’s ear Hypoechoeris
radiculata, 153
Flaxseed oil, 65
Flexural limb deformity, 97
Forage alternatives, 16, 19, 38, 68, 93
Forage poisoning, 98
Foxglove Digitalis purpurea, 166, 171-173
Foxtail barley, 120
Fractional excretion, 54
Free radical, 57
Fringed sage Artemisia frigidea, 139, 140
Fructan, 74, 78, 79, 81
F-2 toxin, 112
Fumonisin, 106
Furocoumarins, 130
Fusariotoxicosis, 29
Fusarium spp, 110, 112
E anthrophilum, 106
F. culmorum, 112
E equiseti, 112
F. graminearum, 112
F nivale, 110
F. oxysporum, 112
E proliferatum, 106
E roseum, 110
E semitectum, 112
F solani, 110
E sporotrichioides, 112
F. subglutinans, 106
F. tricinctum, 110
F. verticilloides, 106, 113

Gallotannic acid, 123

Gamma glutamyl transferase (GGT), 76, 105, 112, 136

Gastric ulcers, 28, 58
Gastrin, 28
Glucomannan, 112

Glucose (dextrose), 22, 23, 25, 27, 59, 64, 73, 79, 81

serum, normal range, 81

solution, 23, 25, 145
Glucose intolerance, 2, 27, 73
Glucose-6-phosphate, 64
Glucosuria, 124
Glutamate, 148
Glutamic acid, 143
Glutathione peroxidase (GSH-Px), 51, 52
Glycoalkaloids, 128
Glycogen, 57, 59, 60, 62, 64, 76
Glycogen branching enzyme, 60
Glycogen synthase, 1, 59-62, 64
Golden oat grass Trisetum flavescens, 151, 157
Golgi mannosidase II, 141
Grain test, botulism, 98
Grayanotoxin, 124
Grazing, restricted, 84

Greasewood Sarcobatus vermiculatus, 121
Green cestrum, willow-leaf jessamine Cestrum
parqui, 152

Gumweed, resinweed Corindella spp, 155, 157, 158

Halogeton Halogeton glomeratus, 121
Hapten, 129, 149

Hay, 10-17, 28-41, 51-58, 64, 67, 74-100, 112, 130, 135, 145,

150, 161-164

cubes, 93-95

moisture content, 92
Haylage, 93, 98, 99, 163
Heart block, 174
Heaves, 91
Heinz bodies, 161-163
Heliosupine, 133
Hellebore Helleborus spp, 126
Hematoma, 164

Hemoglobinuria, 124, 131, 132, 135, 136, 162, 163

Hemolysis, 136, 149, 161-163
Hemorrhage, 164, 169, 174, 179
Hepatic fibrosis, 135, 136, 138
Hepatic necrosis, 124, 136, 138, 151
Hepatitis, 124
Hepatoencephalopathy, 135, 136, 147
Hoary alyssum Berteroa incana, 149-151
Hoof and hair

growth, abnormal, 153

selenium concentration, 161
Hordeum jubatum, 120

Horsetail, marestail, horserush, snakegrass Equisetum

arvense, 145
Hound'’s tongue Cynoglossum officinale, 132-134
Hydrothorax, 180
Hyoscyamine, 128
Hyperglycemia, 81
Hypericin, 129
Hyperinsulinemia, 27, 74, 76, 77, 79-83, 85-88

Hyperkalemic periodic paralysis (HPP or HYPP), 51, 66-68

Hyperleptinemia, 74, 77
Hyperlipemia, 1, 2, 6, 22, 26, 27, 74
Hyperlipidemia, 1, 73, 83
Hypermagnesemia, 27
Hypocalcemia, 124, 152
Hypercalcitoninism, 152
Hyperparathyroidism, 121, 149
Hyperphosphatemia, 124
Hypoparathyroidism, 152

Hyoscine, 128

Icterus, 131, 132, 135, 138, 163
Teus, 121, 172
Impaction, 6, 121, 128

cecal, 39

colon, 40

fecal, 40

ileal, 10, 31

large colon, 6, 32, 33

sand, 34
Inability to prehend feed, 142
Incoordination, 121, 128, 137, 143, 147, 179
Indian paintbrush Castilleja spp, 157, 159
Indolizidine alkaloids, 120, 141
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Indospicine, 137
Inflammatory airway disease, 91

Insulin, 27, 57, 59, 60, 63, 64, 73, 76, 77, 79, 81, 85, 86

blood, normal range, 81
measurement, 81
Insulin resistance, 73, 74, 76, 77, 79-81, 86
testing, 82
Interleukin 1-p, 77
Intravenous fluids, 124-126, 128, 163, 179
Intussusception
cecocecal, 39
ileocecal, 39
Iron, 53, 100
Ironweed Sideranthus grindelioides, 155
Ivermectin, 129

Jessamine Cestrum spp, 128, 129
Jimmyweed, 120, 145, 146

Jimson weed, thorn apple Datura stramonium, 128
Johnsongrass Sorghum halepense, 147, 148, 166, 168

Juglone, 149

Kaolin/pectin, 177, 179
Kentucky cotfee tree Gymnocladus dioica, 129
Keratin, 160, 161
Kleingrass, 132, 138
Pancium
P. coloratum, 132, 138
P. dichotomiflorum, 138
K-strophanthin, 172

Lacrimation, 129

Lactic acid, 56, 64, 80

Lameness, 129, 149-152, 160

Laminitis, 6, 9, 73-81, 85, 86, 149, 150, 163

Lantana camiara, 138

Larkspur Delphinium barbeyi, 166, 175

Laryngeal hemiplegia, 153

Lathyrogen, 148, 165

Lead poisoning, 146

Leafy spurge Eupherbia esula, 121

Lectin, 126

Leptin, 77, 79, 82

Levothyroxine, 85, 86

Limb deformities, 142

Limb edema, 149, 150

Linseed oil, 64, 65

Lipid, 22, 26, 29, 76

Lipotoxicity, 76

Liver biopsy, 136

Liver disease, 131-138

Locoism, 141

Locoweed, 121, 140, 165

Astragalus spp, 121, 140-143,

A. bisulcatus, 141, 155, 156, 159
A. lentiginosus, 141, 165

A. mollisimus woody locoweed, 141, 142, 165

A. pubentisimus, 165
Oxytropis spp, 121
0. lambertii purple locoweed, 142
0. sericea white locoweed, 141, 142
Lolitrem, 13, 99
Lysosomal storage disease, 141-143, 159

Magnesium, 11, 19, 35, 36, 55, 93
Magnesium sulfate, 34, 41

Maleberry Lyonia spp, 124, 125
Malignant hyperthermia, 55, 61, 66
Mallow Malva parviflora, 153

Marsh marigold Calthus palustra, 126
Mastitis, 180

Megalocytosis, 135, 136

Mesenteric lipoma, 30, 41

Mesquite Prosopis glandulosum, 121
Metformin, 85

Methemoglobin, 163, 170
Methionine, 106, 137, 153, 163
Methylene blue, 163

3-methyl indole, 95
Methyllycaconitine, 175

Milk sickness, 145

Milk vetch, 143, 155

Milkweed Asclepias spp, 166, 170-173
Mineral oil, 121, 124-126, 146, 150, 177
Miniature horse, 1, 27, 35
Miserotoxin (3-nitro-1-propanol), 143
Mold, 92, 94

Moldy corn poisoning (see Equine Leukoencephalomalacia), 106

Moldy sweet clover, 161-164

Monkshood, aconite Aconitum spp, 166, 176
Monocrotaline, 134

Monoterpenes, 139

Morgan, 62, 74, 99

Morning glory, Field bindweed Convolvulus arvenus, 122, 123

Mountain laurel Kalmia latifolia, 120, 124, 125
Mountain pieris Pieris spp, 124, 125

Mule, 7

Muscle biopsy, 52-54, 56, 57, 59, 61, 62, 100

Muscle tremors, 121, 128, 145, 146, 169, 172, 173, 176-178

Musculoskeletal deformities, 148, 165
Mustang, 74

Mustard Brassica spp, 121

Muzzle, 84, 86

Mycotoxin, 132, 138, 141, 143
Mycotoxin binders, 99, 106, 112, 114
Myocarditis, 146

Myodegeneration, 151

Myoglobin, 61

Myophosporylase, 60

Myrothecium spp, 110

Naphthoquinone, 149

Nasogastric tube feeding, 20, 98, 145
Neoplasia, 146, 147

Neotyphodium lolii, 99

Nerioside, 173

Neuroaxonal dystrophy (NAD), 99

Neurologic disease inducing plants, 138-148, 155, 165, 168

Neurologic signs, 120, 121, 128
Neutral detergent fiber (NDF), 75, 78, 83

Night blooming jessamine Cestrum nocturnum, 152

Nightshade Solanum spp, 128
Nigropallidal encephalomalacia, 143
Nitrate, 134, 148

Nitric oxide (Endothelium derived relaxing factor), 79

Nitroglycosides, 141, 155, 165
3-nitropropionic acid, 143
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Nitrotoxins, 143
Nivalenol, 111
Nonfiber carbohydrates (NEC), 78

Nonstructural carbohydrates (NSC), 57-61, 64, 65, 74-76, 78-80,

83, 84, 86
Nutrigenomics, 51, 55-68
Nutritional myodegeneration, 51

Oak, 123, 124
Quercus

Q. breviloba, 123

Q. gambeli, 123

Q. havardi, 123
Oats, 67, 68, 78, 110
Obesity, 6, 7, 73-77, 79-81, 87
Oleander Nerium oleander, 166, 171-174
Oligofructose, 80
Omega-3 fatty acids, 65, 95
Omega-6 fatty acids, 65
Onions Allium spp, 161, 162
Osteochondrosis, 97
Osteopetrosis, 152
Oxalate, 121, 125, 149
Oxytropis spp, 140-141

N-propyldisulfide, 162
Paint horse, 60, 61, 66
Paralysis, 121, 143, 148, 175
Parenteral nutrition, 21, 30, 98, 99
calculation of rate, 23, 24
complications, 27
monitoring, 27
Paso Fino, 74
Pasture, 73-88, 95, 99-101, 108, 119-121, 132-138,
153, 166
Penicillium spp, 163
Pellets, 16, 20, 28-40, 83-88, 95, 99
Periodic acid Schiff (PAS), 61, 62
Persimmon Diospyros viginiana, 121
Pheasant’s eye Adonis aestivalis, 171-174
Phenothiazine, 128, 161-163
Phenytoin, 57, 153
6-phosphate dehydrogenase, 162
Phosphorus, 65, 98
Photophobia, 129
Photosensitization, 129-138
Phylloerythrin, 131, 136
Physitis, 97
Physostigmine, 176
Picrotoxin, 179
Pin cherry Prunus penylvanica, 168
Pioglitazone, 85
Piperidine alkaloids, 176
Pituitary pars intermedia dysfunction (PPID), 80, 81, 86, 87
Poison hemlock Cerium maculatum, 120, 166, 176-178
Pokeweed Phytolacca americana, 125-126
mitogens, 125
Polysaccharide storage myopathy (PSSM), 2, 5, 55, 59
PSSM type 1, 55, 60-65
PSSM type 2, 55, 61, 62
Pony, 2, 27, 73, 74
Potassium, 66-68, 93, 94
supplementation, 55

Potato Solanum tuberosum, 128
Predicted optimal body weight, 82
Prehension, difficulty, 143, 144
Prince’s plume Stanleya pinnata, 155, 157
Proinflammatory state, 77
Promethazine HCI, 109

Protein, 83, 94, 97, 98
Protoanemonin, 126
Pseudotropine, 123

Psyllium, 34, 36

Ptaquiloside, 147

Pyrroles, 135, 136

Pyrrolizidine alkaloids, 132-136
Pyruvate, 64, 147

Quarter Horse, 5, 7, 57-66, 74, 99

Ranunculin, 126
Rapeseed, 161
Rattlebox, rattlepod, 132, 134, 135
Crotalaria

C. retusa, 134

C. saggitalis, 134

C. spectabilis, 134, 135
Rayless goldenrod Haplopappus heterophyllus, 120, 145
Recumbency, 125, 147, 152, 174, 178
Red maple Acer rubrum, 161, 162
Renal disease, 163
Repin, 143
Respirable dust concentration (RDC), 91, 93, 94
Respiratory difficulty, 138, 143, 150, 158, 159
Resting energy requirement (RER), 14, 15
Retinal degeneration, 147
Rhizoctonia leguminicola, 108, 120
Rhododendron, 120, 124
Ricin, 126-128
Ricinoleic acid, 127
Ridell’s ragwort Senecio ridelli, 132, 133
Roridin E, 111
Rosary pea, jequirity beans Abrus precatorius, 126, 127
Russian knapweed Acroptilon repens, 120, 143, 144
Ryanodine receptor, 57
Ryegrass staggers, 99

Sabulous urolithiasis, 148

Saccharopolyspora rectivurgula, 92, 95

Saddlebred, 74

Safflower oil, 65

Sagebrush Atemesia tridentata, 139

Sage sickness, 139

Saint John’s wort Hypericum perforatum, 129, 130, 132

Salivation, slobbers, 119-121, 124-126, 129, 144, 146, 177, 178

Salmonella spp, 29, 40
Salt, 33, 55, 58, 83, 84, 98
Saltbush, 4-winged saltbush Atriplex spp, 155, 157, 159
Sand sage A. filifolia, 139, 140
Saponin, 121, 125
Scopolomine, 128
Seizures, 128, 168, 173, 174, 178
Selenium, 51, 55, 98, 149
accumulator plants
obligate or indicator, 154, 155
secondary or facultative, 154-157
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Selenium (cont’d)
deficiency myopathy, 153, 154
injectable, dose, 52
liver and kidney concentration, 52, 161
requirement, 153
soil levels, 154
supplementation, oral, 52, 55, 57
toxicity, 149, 153-155, 158-161
whole blood concentration, 52, 55
Senecio spp, 119, 132-135, 165
Sensitive fern Onoclea sensiblis, 146
Serviceberry, Saskatoon berry Amelanchier alnifolia, 166-168
Sesquiterpene lactone, 143
Setaria spp, 120
Shaker foal syndrome (Botulism), 98
Shamrock, 121
Shavings, wood, 93, 95, 149, 150
Shivers, 61, 64
Short bowel syndrome, 30
Silage, 98, 99, 112
Silverleaf nightshade Solanum elaeagnifolium, 128
Slaframine (Slobbers), 108, 120
Small intestinal resection, 30, 31
Soaking hay
to decrease carbohydrate, 83
to decrease respirable dust concentration, 93
effect on nutrient composition, 93, 94
Sodium nitrite, 170
Sodium picrate test, 170
Sodium thiosulfate, 106, 170
Solanum malacoxylon, 151
Sorbitol dehydrogenase (SDH), 136
Sorghum, 112
Sorrel Oxalis spp, 121
Soursob, 121
Soybean meal, 67, 68, 161
Soybean oil, 65
Sphingolipids, 107
Spring parsley Cymopterus watsonii, 129, 130
Stachybotryotoxicosis, 112
Standardbred, 55-57, 62, 74
Starch, 29, 58, 59, 63, 65, 66, 74, 75, 78, 79
“Starvation diet” for cervical vertebral myelopathy, 97, 98
Steam treating hay, 93
Sterigmatocystin, 104
Stinking Willie Sigacobaea spp, 132, 133, 135
Strangulation
small intestine, 30
Straw bedding, 93, 95
Stringhalt, 153
Sudangrass Sorghum sudanense, 147, 148, 164, 166, 168
Sudden death, 149, 153, 165-180
Sugar maple Acer saccharum, 163
Sulfur, 154, 155, 160
Sunflower oil, 65
Swainsonine, 120, 141, 155, 165
Sweet clover Meliotus officinalis, 161
Sweet pea Lathyrus spp, 153
Sweating, 128, 146

Tachycardia, 128, 163, 164, 172
Tachypnea, 128, 163, 168
Tannic acid, 123, 124

Tansy ragwort, 132, 133, 135
Tarweed, 132, 134

Taxine, 179

Tennessee Walking Horse, 74
Teratogenic plants, 132, 135, 142, 164, 165, 177
T-glutamyl-B-cyanoalanine, 148
Thermoactinomyces vulgaris, 92
Thevetin, 173

Thiaminase, 145, 146

Thiamin (vitamin B,), 145-147, 153
Thoroughbred, 62, 74

Thujone, 139

Thyroid hormone, 82

Tomato Lycopersion spp, 128

Total digestible nutrients (TDN), 98
Toxalbumin, 126

Trembles, 145

Tremetol, 146

Trichothecene, 110-112
Trichothecium roseum, 110
Trifoliosis, 138

Triglyceride, 21-27, 30, 74, 79, 82
Triheptanoin, 65

Triterpenoid lantadenes, 138
Triterpenoid oils, 139

Tropane alkaloids, 123, 128
L-tryptophan, 95

T-2 toxin, 110

Tubular necrosis, 124

Tumor necrosis factor a (TINFa), 77

Ulcers, oral, 119, 120, 124
Urinary casts, 124
Urinary incontinence, 148

Vegetable oil, 64, 65, 87
Verrucaria spp, 110
Verrucarins, 111
Vinegar, 36
Vitamin C (ascorbic acid), 86, 163
Vitamin D, 152
Vitamin D-like toxicosis, 149, 151, 152
Vitamin E
deficiency, 51-55, 99
natural vs synthetic, 100, 101
recommended daily intake, 55
serum concentration, 52, 54, 55, 99, 100
supplementation, 52-54, 65, 99-101
Vitamin E deficient myopathy, 53
Vitamin K, 164
Vitamin K, 164
Vitamin K dependent coagulation factors, 163
Volatile fatty acids, 28, 78, 87
Vomitotoxin, 110

Warmblood, 62, 64, 66, 74
Water, 6, 10, 38
Water hemlock Cicuta spp, 120
C. douglasii, 177-178
Water soluble carbohydrates (WSC), 75, 94
Weakness, 125, 128, 145, 147, 149, 159, 164, 168, 175, 176, 179
Weighing feed, 84
Weight loss, 123, 131, 132, 138, 142-144, 147, 148, 152, 159
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Western chokecherry Prunus virginiana, 166, 167, 169

Western false hellebore, skunk cabbage Veratrum californicum, 164,
165, 177

White prairie aster Aster falcatus, 155-157

White snakeroot, richweed Eupatorium rugosum, 120, 145

White sweet clover Melilotus officinalis var alba, 163

Wild black cherry Prunus serotina, 168

Wwild blue flax Linum spp, 166-168

Wild iris Iris missouriensis, 121

Woody aster Xylorhiza glabriuscula, 155, 156

Yellow oleander Thevetia peruviana, 166, 171, 173, 174
Yellow star thistle Centaurea solstitialis, 120, 143, 144

Yellow sweet clover Melilotus officinalis, 163
Yew, 166, 178, 179
Taxus
T. baccata English yew, 178
T. brevifolia western yew, 178
T. canadensis Canada yew, 178
T. cuspidata Japanese yew, 178

Zigacine, 179
Zigadenine, 179
Zinc, 98
Zearalenol, 113
Zearalenone, 112



