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In Memory of Hans Gerhard Vogel 1927-2011.






The fourth edition of the book Drug Discovery and Evaluation: Pharmaco-
logical Assays is presented here.

The concept of the book has changed since the third edition, and we have
now split the chapters for better reading and web search. The volume data has
again risen considerably compared to the third edition. In particular, a large
number of assays and new topics have been added.

Several chapters are new, and most of the chapters have been revised and
have been thoroughly updated as well. I am indebted to my colleagues
rewriting and updating the chapters and I also thank the authors who provided
new topics for this book.

The approach to drug discovery has changed continuously during recent
years. Decades ago, most of the drugs were found by serendipity in clinical
trials. New drugs, however, were found in animal experiments by a classical
approach. This classical approach has advantages and disadvantages. The
main advantage was the relatively high predictability of success. The major
disadvantage was that we got little or no information about the molecular
mechanisms involved in the observed effects. New mechanisms always
required new models.

The costs of developing new drugs are exploding, while the output is
decreasing. A change in paradigm, the target-based or mechanism-based
drug discovery approach, was welcomed with great enthusiasm. Combinato-
rial chemistry could generate thousands of new compounds. They were tested
in high-throughput systems. This made it highly effective for the identification
of target-selective compounds. Although this technique showed very great
advantages from a scientific and practical viewpoint, it did not translate into
higher success rates. The target-based approach has therefore been replaced
again by the physiology-based approach — the classical drug discovery — or the
function-based approach, which seeks to induce a therapeutic effect by nor-
malizing a disease-specific abnormality.

I am aware that the rapid progress in biology will once again change the
methodological approaches in the coming years. In addition, electronic media
will continuously help scientists to access and share information. However, on
the other hand, it is becoming more and more evident that many young
pharmacologists have only limited training in classical pharmacological
methods. When searching for these classical methods, researchers will find
only insufficient information on the methodological details in electronic
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viii Preface to the Fourth Edition

databases. To this end, I hope the current book may bridge this gap by
comprehensively covering those classical pharmacological methods, some-
times utilized for over 100 years, with modern pharmacological methods.

At this point, I would like again to express my sincere thanks to all
colleagues who contributed to the new edition of this book. Their names and
affiliations are given in alphabetical order.

A special thanks goes to Hans Gerhard Vogel, who was the Editor-in-Chief
of the first three editions. He was furthermore the initiator of the Drug
Discovery and Evaluation titles at Springer consisting of Pharmacological
Assays, Safety and Pharmacokinetic Assays, and Methods in Clinical Phar-
macology. Gerhard Vogel passed away in 2011. Personally, I am personally
very much indebted to him. He introduced me to pharmacology and was
always my mentor thereafter. It is an honor to continue his work.

Autumn Franz J. Hock
2015
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a-Sympatholytic Activity in Isolated
Vascular Smooth Muscle

Purpose and Rationale

Angus and Wright (2000) described in detail var-
ious techniques to study the pharmacodynamics
of isolated large and small blood vessels.

Furchgott and Zawadzki’s (1980) discovery of
important role of endothelium ensured that all stud-
ies of vascular pharmacology must consider the
role/status of the endothelium and its endogenous
factors, such as endothelial-derived hyperpolarizing
factor, nitric oxide, endothelin, and prostaglandins
(Angus and Wright 2000). To make sure that a
vessel contains only smooth muscle layer, the
endothelium should be removed (by rubbing inti-
mal surface with a wire, plastic tube, or bubbling
the air).

Han et al. (1990) studied different subtypes of
al-adrenoceptors in isolated rat aortas, renal arter-
ies, mesenteric arteries, and portal veins.

Noradrenaline and other sympathomimetic
drugs increase vascular smooth muscle tone by
stimulation of a-adrenergic receptors. Contractions
can be antagonized by a-adrenergic receptor-
blocking agents such as phentolamine. Drugs can
be tested for their capacity of reducing vascular
smooth muscle contractions induced by the adren-
ergic receptor-activating agent noradrenaline. More-
over, effects of peptides, such as bradykinin, can
be tested with strips of aorta or pulmonary artery.

Procedure

As donor animals, Pirbright White guinea pigs of
either sex weighing about 400 g, or Chinchilla
rabbits weighing about 3.5 kg, or Sprague-
Dawley rats weighing 200-300 g are used. The
vessels to be tested are the thoracic aorta or the
arteria pulmonalis. The animals are sacrificed by
stunning and exsanguination. The pulmonary
artery or the thoracic aorta is quickly removed,
and if required, the intimal surface of the vessel is
gently rubbed with a wire or polyethylene tube to
remove the endothelium. The vessel is then cut
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into either helical strips of 1-2-mm width and
15-20-mm length or into rings 3—4 mm in length.
The strips (or rings) are mounted in an organ bath
with a preload of 1 g Krebs—Henseleit buffer
solution containing 11.5 M glucose maintained
at 37 °C and oxygenated with 95 % O, and 5 %
CO,. The functional loss of endothelial cells is
confirmed by the loss of relaxation response
to acetylcholine (1 pM). Isotonic or isometric
registration is performed. Changes in length are
recorded isotonically using a lever transducer
(368 type B, Hugo Sachs Elektronik, Freiburg).
Isometric force is measured with a force trans-
ducer (UC-2, Gould-Statham, Oxnard, USA).

Experimental Course

Following an equilibration period of 60 min, con-
tractions are induced by repeated administrations
of (—)noradrenaline HCI in concentrations of
2 x 107° M for testing the contractions of the
pulmonary artery and in concentrations of
2 x 107® M for testing the contractions of the
aorta. After obtaining a stable plateau of identically
sized contractions, cumulative doses of the test
compound are added into the organ bath. Consec-
utive concentrations are given when the response of
the previous dose has reached a plateau.

Controls at the end of the experiment: 1f a
compound does not show vasorelaxing activity
at any dose, the sensitivity of the preparation is
tested by adding phentolamine (1 x 10~7 M).

If a compound shows vasorelaxing activity, the
reversibility of the relaxation is tested by increas-
ing the noradrenaline concentration.

Evaluation

The contractile force is determined before and
after drug administration.

Percent inhibition of spasmogen-induced con-
traction by test drug is calculated as compared to
the maximal contraction with a spasmogen alone
(=100 %).

1Csq values are determined from the individual
dose-response curves. ICs is defined as the dose of
drug leading to a 50 % relaxation of noradrenaline-
induced contraction.
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Modifications of the Method

The isolated vena cava of rabbits can be used for
assaying a-adrenolytic activity. The rabbit is
sacrificed by CO, anesthesia. The vena cava infe-
rior is removed and cut into strips. The percent
inhibition of epinephrine- or norepinephrine-
induced contractions is determined.

The effects of bradykinin and bradykinin
antagonists can be tested in isolated guinea pig
artery and isolated rabbit aorta which contains
predominantly the BK;-receptor type (Regoli
and Barabé 1980; Hock et al. 1991).

Wisskirchen et al. (1998) tested agonists of
calcitonin gene-related peptide, homologues, and
antagonists in rat isolated pulmonary artery.
Endothelium intact pulmonary artery rings were
contracted with 3 x 10~° M phenylephrine, and a
cumulative dose—response curve of relaxation
was constructed.

Fagura et al. (1997) studied the presence of al-
adrenoceptor subtypes in the rabbit ear artery and
rat thoracic aorta using two selective competitive
antagonists, S-methylurapidil (a1 A-selective) and
BMY 7378 (alD-selective), and an irreversible
antagonist chloroethylclonidine.

Angus and colleagues (1986b) compared nor-
epinephrine response in carotid, mesenteric, renal,
and femoral large arteries of the pig, greyhound,
and mongrel dog in the presence of propranolol.
They concluded that endothelium-dependent
relaxation to norepinephrine and substance P
varies greatly across five large arteries of the dog
(Angus et al. 1986a).

Teng and colleagues (2013) studied adenosine
receptor subtypes in mouse mesenteric arteries
using knockout and wild-type animals.

Yamamoto and Koike (2001a, b) investigated
the distribution of «l-adrenoceptor subtype in
the mouse mesenteric artery, abdominal aorta, and
thoracic aorta using the following antagonists —
prazosin, WB4101, BMY7378, and
5-methylurapidil.

Jéhnichen and colleagues (2004) used selective
al A-adrenoceptor antagonist B8805-033 to study
noradrenaline-induced contraction of rat tail artery.

Mulvany and Halpern (1977) described a tech-
nique to measure contractility of small arterial

resistance vessels in the mesenteric bed of normo-
tensive and spontaneously hypertensive rats.

References and Further Reading

Angus JA, Cocks TM, Satoh K (1986a) Alpha
2-adrenoceptors and endothelium-dependent
relaxation in canine large arteries. Br J
Pharmacol 88(4):767-777

Angus JA, Cocks TM, Satoh K (1986b) The alpha
adrenoceptors on endothelial cells. Fed Proc
45(9):2355-2359

Angus JA, Wright CE (2000) Techniques to study
the pharmacodynamics of isolated large and
small blood vessels. J Pharmacol Toxicol
Methods 44(2):395-407

Fagura MS, Lydford SJ, Dougall IG (1997)
Pharmacological classification of alpha
1-adrenoceptors mediating contractions of rab-
bit isolated ear artery: comparison with rat
isolated thoracic aorta. Br J Pharmacol
120(2):247-258

Furchgott RF (1967) Techniques for studying
antagonism and potentiation of sympathomi-
metic drugs on isolated tissues. In: Siegler PE,
Moyer JH (eds) Animal and clinical
pharmacologic techniques in drug evaluation.
Year Book Medical Publishers, Chicago,
pp 256-266

Furchgott RF, Zawadzki JV (1980) The obliga-
tory role of endothelial cells in the relaxation of
arterial smooth muscle by acetylcholine.
Nature 288(5789):373-376

Green AF, Boura ALA (1964) Sympathetic nerve
blockade. In: Laurence DR, Bacharach AL (eds)
Evaluation of drug activities: pharmacometrics.
Academic, London/New York, pp 370-430

Han C, Li J, Minneman KP (1990) Subtypes of
alpha 1-adrenoceptors in rat blood vessels. Eur
J Pharmacol 190(1-2):97-104

Hock FJ, Wirth K, Albus U, Linz W, Gerhards HJ,
Wiemer G, Henke S, Breipohl G, Kénig W,
Knolle J, Scholkens BA (1991) Hoe 140 a new
potent and long acting bradykinin antagonist:
in vitro studies. Br J Pharmacol 102(3):774-777

Jahnichen S, Eltze M, Pertz HH (2004) Evidence
that alpha(1B)-adrenoceptors are involved in
noradrenaline-induced contractions of rat tail
artery. Eur J Pharmacol 488(1-3):157-167



Mulvany MJ, Halpern W (1977) Contractile prop-
erties of small arterial resistance vessels in
spontaneously hypertensive and normotensive
rats. Circ Res 1(1):19-26

Rajagopalan R, Ghate AV, Subbarayan P, Linz W,
Schoelkens BA (1993) Cardiotonic activity of
the water soluble forskolin derivative 8,13-
epoxy-6fp-(piperidinoacetoxy)-1a,7p,9a-trihyd
roxy-labd-14-en-11-one. Arzneim Forsch/
Drug Res 43(1):313-319

Regoli D, Barabé J (1980) Pharmacology of bra-
dykinin and related peptides. Pharmacol Rev
32:1-46

Teng B, Fil D, Tilley SL, Ledent C, Krahn T,
Mustafa SJ (2013) Functional and RNA
expression profile of adenosine receptor
subtypes in mouse mesenteric arteries.
J Cardiovasc Pharmacol 61(1):70-76

Wisskirchen FM, Burt RP, Marshall I (1998) Phar-
macological characterization of CGRP recep-
tors of the rat pulmonary artery and inhibition
of twitch responses of the rat vas deferens. BrJ
Pharmacol 123:1673-1683

Yamamoto Y, Koike K (2001a) alpha(1)-
Adrenoceptor subtypes in the mouse mesen-
teric artery and abdominal aorta. Br J
Pharmacol 134(5):1045-1054

Yamamoto Y, Koike K (2001b) Characterization
of alphal-adrenoceptor-mediated contraction
in the mouse thoracic aorta. Eur J Pharmacol
424(2):131-140

a-Sympatholytic Activity in the
Isolated Guinea Pig Seminal Vesicle

Purpose and Rationale

The seminal vesicles of guinea pigs and rats are
tubular organs whose longitudinal and annular
muscles are innervated by the sympathetic sys-
tem. The inhibition of contractions induced by
norepinephrine or the a;-selective agonist phen-
ylephrine indicates a-sympatholytic activity. Sha-
rif and Gokhale (1986) recommended the use the
isolated rat seminal vesicle as a rather sensitive
and specific model.
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Procedure

Male guinea pigs weighing 300-600 g are
sacrificed by a blow to the neck. The rats weighing
about 300 g were anesthetized with 87 mg/kg keta-
mine and 13 mg/kg Xylocaine intraperitoneally.
Both seminal vesicles are identified, freed from
the adhering connective tissue, and resected proxi-
mally at their point of entrance into the vas deferens.
After the semen was squeezed out, the isolated
seminal vesicles were put into oxygenated Krebs
solution (95 % O, and 5%CO,) and washed. The
seminal vesicles were cut at both ends. The
remaining middle portions, about 1 cm in length,
were mounted over an organ bath which was
connected to a Grass FT03 force transducer (Grass
Instruments, Inc., Quincy, MA, USA) for detection
of isometric contractions. The tension of contraction
was recorder by Gould RS 3400 polygraphy
(Ballainvilliers, France). The Krebs solution was
maintained at 37 °C and bubbled with 5 % carbon
dioxide in oxygen. Before adding the tested drugs,
the system was equilibrated for 1.5-2 h under an
optimal tension of 1 g (Hsieh et al. 2014).

Following an equilibration period, contrac-
tions are induced by repeated administration of
(—)norepinephrine HCI in concentrations of 1-5
pg/ml or phenylephrine HCI in concentrations of
10-50 pg/ml. After obtaining a stable plateau of
identical contractions, the test compound is added
into the organ bath. Three minutes later, the pre-
vious concentration of norepinephrine or phenyl-
ephrine is added. As standard, phentolamine is
used in concentrations of 3-30 x 1077 M.

Evaluation

Contractions of the seminal vesicle induced by the
a-adrenergic agonists after addition of the test
compound are compared with the initial values
and expressed as percentage thereof. For
in-depth analysis, full dose-response curves of
the agonist are recorded before and after addition
of various doses of the antagonist. A parallel shift
to the right indicates competitive antagonism
which can be evaluated as pA4, — values according
to Schild (1947).
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Modification of the Method

Leitch (1954) recommended the use of isolated
seminal vesicles of rats for the assay of sympatho-
lytic drugs.

Hsieh and colleagues (2014) evaluated the role
of sympathetic and parasympathetic nerve system
on the smooth muscle of rat seminal vesicles.

Analysis of expression and contractile function
of al-adrenoceptors in seminal vesicles of normo-
tensive and hypertensive rats was provided by
Yono and colleagues (2012).
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a-Sympatholytic Activity in the
Isolated Vas Deferens of the Rat

Purpose and Rationale

The vas deferens has been used as a model for
many diverse studies of different aspects of auto-
nomic neurotransmission; it was first introduced
by Hukovic in 1961 (Hukovic 1961). For a
detailed review on the vas deferens as a model
used to establish sympathetic cotransmission, see
the publications by Burnstock and Verkhratsky
(2010) and also Westfall and Westfall (2001).

The vas deferens of the guinea pig or prefera-
bly the rat is used for quantitative evaluation of
adrenergic antagonists. The response of this organ
to a-adrenergic agonists consists of a strong rapid
contraction followed by quick relaxation on wash-
ing the agonists out of the tissue.

Procedure

Male Wistar rats weighing about 300 g are used.
The animals are sacrificed by a sharp blow to the
neck, and the vasa deferentia are dissected free
from the extraneous tissues and suspended in a
organ bath containing Tyrode solution being oxy-
genated with a 95 % O, and 5 % CO, mixture at
32 °C. Isotonic registration is performed at a pre-
load of 0.5 g. Changes in length are recorded iso-
tonically using a lever transducer (e.g., 368 type B,
Hugo Sachs Elektronik, Freiburg, FRG).

Following an equilibration period of 30 min,
contractions are induced by repeated administration
of (—)norepinephrine HCI in concentrations of 0.5,
1.0, 2.0, or 4.0 pg/ml. After obtaining a stable
plateau of identical contractions, the test compound
is added into the organ bath. Three minutes later,
the previous concentration of norepinephrine is
added. As standard, phentolamine is used in con-
centrations of 3-30 x 107 M.

Evaluation

Contractions of the vas deferens induced by the
a-adrenergic agonist after addition of the test



compound are compared with the initial values and
expressed as percentage thereof. For in-depth anal-
ysis, full dose—response curves of the agonist are
recorded before and after addition of various doses
of the antagonist. A parallel shift to the right indi-
cates competitive antagonism which can be evalu-
ated as pA, — values according to Schild (1947).

Modifications of the Method

Electrical stimulation of the isolated ductus
deferens results in the release of norepinephrine.
Stimulation-induced contractions of this organ are
inhibited by clonidine which impairs adrenergic
neurotransmission by activating inhibitory
a-receptors. The ductus deferens is suspended in
an organ bath bubbled with carbogen and
maintained at 37 °C. Tension is adjusted to
25 mN. Following a 45-min equilibration period,
supramaximal amplitude stimulation by a HSE
type 2 stimulator (Hugo Sachs Elektronik,
Freiburg) is applied. After stabilization of the
response, clonidine is added to the organ bath in
accumulated doses. Test compounds are added
5 min prior to clonidine administration. The per-
cent potentiation of clonidine-induced inhibition
of contractions is determined.

The techniques, describing vas deferens prep-
aration in detail, are available in the following
reviews — Westfall and Westfall (2001) and
Burnstock and Verkhratsky (2010).

The Hukovic preparation of vasa deferentia
includes dissecting the vas deferens along with
the hypogastric nerve (Hukovic 1961).

Taylor et al. (1983) used the rat vas deferens for
pharmacological characterization of purinergic
receptors.

Nerve—muscle preparations of the vas deferens
have been reviewed by Holman (1975).

Hughes et al. (1974) used the electrically stim-
ulated mouse vas deferens for assessment of the
agonistic and antagonistic activities of narcotic
analgesic drugs.

Ross et al. (2001) used the mouse vas deferens
to study structure—activity relationship for the
endogenous cannabinoid, anandamide, and cer-
tain of its analogues at vanilloid receptors.
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Oka et al. (1980) recommended the vas
deferens from rabbits as a specific bioassay for
opioid k-receptor agonists.

Mutafova-Yambolieva and Radmirov (1993)
studied the effects of endothelin-1 on electrically
or drug-induced contractile responses mediated
by purinergic or adrenergic receptors in the iso-
lated prostatic portion of rat vas deferens.

Ward et al. (1990) used isolated vasa deferentia
preparations from rat and mouse to study the
pharmacological profile of the analgesic
pravadoline.

Cordellini and Sannomiya (1984) pretreated
guinea pigs with reserpine. In the isolated vasa
deferentia, concentration—effects curves to phenyl-
ephrine were established in the presence of cocaine.
The antagonistic effect of phenoxybenzamine was
used for receptor occupancy studies.

Donoso et al. (1992) studied neurotransmission
in epididymal and prostatic segments of isolated
superfused rat vas deferens preparations.

Vaupel and Su (1987) used the vas deferens
preparation of guinea pigs to study sigma and
phencyclidine receptors.

Eltze (1988) used the field-stimulated (95 % of
maximum voltage, 0.1 Hz, 0.5 ms) portion of
rabbit vas deferens to study muscarinic M1 and
M2 receptors.

Dumont et al. (1997) used the isolated guinea
pig heart and the isolated rat vas deferens for
in vitro bioassays of calcitonin gene-related pep-
tide (CGRP) agonists and antagonists.

Poyner et al. (1999) found concentration-
dependent inhibitions of the electrically stimu-
lated twitch responses of guinea pig vas deferens
by calcitonin gene-related peptide, amylin, and
adrenomedullin.

Couldwell et al. (1993) found that the rat pros-
tate gland possesses a typical al-adrenoceptor
similar to that found in the vas deferens.

Burt et al. (1995) proposed that noradrenaline
contraction in the epididymal portion of the rat vas
deferens is mediated by al A-adrenoceptors.

Wisskirchen et al. (1998) tested agonists
of calcitonin gene-related peptide, homologues,
and antagonists in rat isolated vas deferens.
The prostatic half was suspended under 0.5-g
resting tension and equilibrated in Krebs
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solution at 37 °C. Contractile responses of the
prostatic vas were induced by electrical field
stimulation at 0.2 Hz, 1.0 ms, and 60 V through
parallel platinum electrodes on either side of the
tissue.

Analysis of expression and contractile function
of al-adrenoceptors in the vas deferens of normo-
tensive and hypertensive rats was provided by
Yono and colleagues (2012).
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a-Sympatholytic Activity in the
Isolated Rat Spleen

Purpose and Rationale

a-Stimulant agents (e.g., epinephrine, norepi-
nephrine) or electrical stimulation induces con-
tractions in sympathetically innervated organs
such as spleen smooth muscle. These effects can
be antagonized by drugs with a-blocking activi-
ties such as phentolamine.

M. Gralinski et al.
Procedure

Male Sprague-Dawley rats weighing 180-220 g
are used. The animal is sacrificed in CO, anesthe-
sia. The spleen is removed and cut longitudinally
into two halves. Each part is placed in an organ bath
containing nutritive solution. The bath solution is
bubbled with 95 % O, and 5 % CO, mixture and
maintained at 37 °C. Following a 30-min incuba-
tion period under a tension of 0.5 g, contractions
are elicited by administration of epinephrine
(10" g/ml) or norepinephrine 10~ g/ml).
After obtaining 3 approximately identical spasms,
the test compound is administered followed by the
addition of the spasmogen 5 min later. The contrac-
tile response is allowed to plateau and recorded.
Standard compound:

* Phentolamine

Evaluation

The contractile force is recorded at its
maximal level before and after drug administration.
The percent inhibition of epinephrine- or norepi-
nephrine-induced contraction is determined.

Modifications of the Method

Burt et al. (1995a, b) demonstrated that
phenylephrine-induced contractions of the rat
spleen are mediated via olB-adrenoceptors.
The contraction consists of an initial phasic
component due to release of intracellular Ca®" and
larger tonic contraction due to capacitative Ca®"
influx through non-voltage-gated Ca®" channels.

Aboud et al (1993) investigated the subtypes of
adrenoceptors involved in contractions of the rat
aorta, vas deferens, and spleen.
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a-Sympatholytic Activity
in the Isolated Rat Anococcygeus
Muscle

Purpose and Rationale

The rat anococcygeus muscle as pharmacological
tool was introduced by Gillespie (1972, 1980) and
Gibson and Gillespie (1973). This smooth muscle
has a dense adrenergic innervation and contracts to
noradrenaline, acetylcholine, 5-hydroxytryptamine,
but not to histamine. Moreover, the muscle
contracts to field stimulation or stimulation of
extrinsic nerves. The preparation can be used to
assess the pre- and postsynaptic a-adrenoceptor-
blocking activity of drugs (Doggrell 1980, 1983).

Procedure

The two anococcygeus muscles arise from the upper
coccygeal vertebra close to one another in the
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midline of the pelvic cavity. The muscles pass cau-
dally, lying first behind and to one side of the colon,
finally joining together to form a ventral bar in front
of the colon a few mm from the anus. The extrinsic
nerves pass in a branch of the perineal nerve on
either side to enter the deep surface of each muscle
just before the formation of the ventral bar.

After sacrifice, the abdomen of rats is opened in
the midline, the pelvis split, and the bladder and
urethra removed. Care is required in clearing the
lower part of the urethra to avoid damage to the
ventral bar of muscle, the only region lying ventral
to the colon. The colon is then cut through at the
pelvic brim, the pelvic portion pulled forward, and
the delicate connective tissue behind cleared until
the anococcygeus muscles come into view. The
muscles are isolated, in some instances with
the extrinsic nerve intact. The extrinsic nerves on
either side run in the posterior scrotal branch of the
perineal nerve and leave it to enter the deep surface
of the anococcygeal muscles as they liec on the
lateral surface of the colon. The ventral bar is cut
through and each muscle mounted in a 100-ml bath
containing Krebs solution at 36 °C. The solution is
gassed with 95 % O, +5 % CO,. Tension is mea-
sured with isometric transducers and displayed on a
polygraph. Field stimulation of the intramural
nerves is applied after drawing the muscles through
a pair of electrodes similar to those described by
Burn and Rand (1960); when the muscles are stim-
ulated through their extrinsic nerves, the nerves are
drawn through similar electrodes. Stimulation of
either intramural or extrinsic nerves is with 1-ms
pulses at 20 Hz and at a supramaximal voltage.

Dose-response curves are established with
doses of 2 x 1077 to 4 x 10~° M noradrenaline
and 4 x 1077 to 4 x 10~> M acetylcholine or
with graded frequencies of electrical stimulation.

The effect of noradrenaline is abolished by a-
adrenergic antagonists, such as 10~® M phentol-
amine. Dose—response curves show a parallel shift
characteristic of competitive antagonism.

Evaluation

Contractions of the anococcygeus muscle induced
by an a-adrenergic agonist after addition of the
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test compound are compared with the initial
values and expressed as percentage thereof. For
in-depth analysis, full dose-response curves of the
agonist are recorded before and after addition of
various doses of the antagonist. A parallel shift to
the right indicates competitive antagonism which
can be evaluated as pA, — values according to
Schild (1947).

Modifications of the Method

Gibson et al. (1990) found L-N“-nitroarginine to
be a potent inhibitor of non-adrenergic,
non-cholinergic  relaxations in  the rat
anococcygeus muscle.

Oliveira and Bendhack (1992) found that dopa-
mine has a dual effect in the rat anococcygeus
muscle: a partial effect due to an indirect sympa-
thomimetic action and a partial effect due to the
interaction with postjunctional receptors.

Brave et al. (1993) investigated the interaction
between motor sympathetic and inhibitory
non-adrenergic, non-cholinergic nerves in the rat
anococcygeus muscle using L-N®-nitroarginine,
an inhibitor of L-arginine/NO synthase.

Cakici et al. (1993) described a coaxial bioas-
say system consisting of the guinea pig trachea as
the donor organ for epithelial-derived relaxing
factors and phenylephrine-precontracted rat
anococcygeus muscle as assay tissue.

Iravani and Zar (1993) found differential
effects of nifedipine on nerve-mediated and
noradrenaline-evoked  contractions of rat
anococcygeus muscle.

Rand and Li (1993) studied the modulation of
acetylcholine-induced contractions of the rat
anococcygeus muscle by activation of nitrergic
nerves.

Mudumbi and Leighton (1994) investigated the
mechanisms of action of relaxation induced by bra-
dykinin and by electrical field stimulation in iso-
lated rat anococcygeus muscle, where contractile
tone had been elevated with clonidine.

Gwee et al. (1995) investigated the
prejunctional and postjunctional inhibition of
adrenergic transmission in the rat isolated
anococcygeus muscle by cimetidine.
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Najbar et al. (1996) found that smooth muscle
cells in the rat anococcygeus muscle are endowed
with two distinct P-2-purinoreceptors which sub-
serve contractions.

De Godoy etal. (2003) evaluated the inhibitory
effects of atropine and hexamethonium on the
angiotensin  II-induced contraction of rat
anococcygeus muscles.

Pettibone et al. (1993) examined the inhibitory
potency and selectivity of an oxytocin antagonist
against oxytocin-stimulated contractions of the
mouse anococcygeus muscle.

Dehpour et al. (1993) and Radjace et al. (1996)
used isolated anococcygeus muscles from rabbits
and found an extremely regular activity induced
by methoxamine or clonidine.

Zhang et al. (2011) used anococcygeus muscle
to test isoindolinone- and isobenzofuranone-
containing phenoxylalkylamines as potent af(1)-
adrenoceptor antagonists.

Toque and colleagues (2009) compared the
effect of the phosphodiesterase 5 inhibitors silden-
afil, tadalafil, and vardenafil on rat anococcygeus
muscle.
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B1-Sympatholytic Activity in Isolated
Guinea Pig Atria

Purpose and Rationale

The f-agonist isoprenaline (isoproterenol)

induces an increase in the frequency and force
of contraction of spontancously beating isolated
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right atria and potentiates contractions of
electrically stimulated isolated left atria. Drugs
with f-sympatholytic activity inhibit these
isoprenaline-induced effects. The p-receptor-
blocking activity of drugs can be evaluated in
isolated right (a) and left (b) guinea pig atria.
Since the heart contains predominantly f-
adrenoreceptors, f;-blocking activity is assessed
by this test.

Procedure

Pirbright White guinea pigs of either sex
weighing 250-300 g are used. The animal is
sacrificed by stunning and exsanguination.
The heart is removed, and the right or the left
atrium is cut off and mounted in a 50-ml organ
bath with a preload of 100 mg. The
Krebs—Henseleit solution is maintained at
32 °C and aerated with 95 % O,/5 % CO,.
Contractions are recorded isotonically using a
lever transducer (368 type B, Hugo Sachs
Elektronik, Freiburg).

Right Atrium

After an equilibration period of 30 min, isoprena-
line is administered into the organ bath to poten-
tiate inotropy and frequency of the isolated right
atrium. Cumulative doses of isoprenaline are
added starting from a concentration of 0.05 pg/
ml; consecutive doses are administered at 3-min
intervals.

When a stable maximum plateau of the effect is
achieved, the organ bath is thoroughly flushed for
1 min; flushing is repeated twice, 5 and 20 min
later. The whole procedure is repeated with the
same isoprenaline concentrations (control base-
line values = 100 %).

The test compound is then added into the organ
bath, and 5 min later, again isoprenaline is given at
cumulative doses.

If the test compound has p-receptor-blocking
activity (f-sympatholytic):
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1. Higher isoprenaline concentrations are neces-
sary to induce the same potentiation of
inotropy and frequency.

2. Atthe same isoprenaline concentrations added
as before, the increase in inotropy and fre-
quency is reduced.

At the end of the experiment, again a cycle
without test drug is performed.

Left Atrium

The left atrium is stimulated by a square wave
stimulator with 2 impulses/s at a voltage of 15 V
and an impulse duration of 1 ms. After an equili-
bration period of 30 min, the f-agonist isoprenaline
is added at concentrations of 0.05-0.1 mg/ml. The
organ bath is then thoroughly flushed for 1 min.
Flushing is repeated twice, 5 and 20 min later. The
whole procedure is repeated with the same cumu-
lative isoprenaline concentrations (control baseline
values = 100 %) and flushing procedure.

When a stable plateau of contractions is
achieved, the test compound is added into the
organ bath, and 3 min later, isoprenaline is added
again at cumulative concentrations.

If the test compound has f-receptor-blocking
activity  (f-sympatholytic), the isoprenaline-
induced effects are inhibited.

In addition, refractory period is determined
before and after drug administration.

Evaluation

(a) Percent inhibition of (a) isoprenaline-induced
or (b) electrically induced and isoprenaline-
potentiated increased inotropy and frequency
by test drug is calculated as compared to
predrug activity (=100 %).

Percent change in refractory period is
calculated.

(b)

1Csq values are determined from the individual
dose-response curves.

Statistical evaluation is performed by means of
the paired #-test.
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Standard compounds:

* Propranolol HCI
* Amrinone

» Nifedipine

* Milrinone

Modifications of the Method

A detailed description of the wuse of
isolated atrial preparations has been given by
Levy (1971).

Instead of the right atrium, Doggrell and
Hughes (1986) used the isolated right ventricle
of the rat for the assessment of the
B-adrenoreceptor-blocking activity of propranolol
and investigated the competitive nature of the
isoproterenol antagonism at various doses with
Schild plot analysis. Doggrell (1988) used the
isolated left atria of the rat for simultaneous
assessment of membrane-stabilizing and
B-adrenoreceptor-blocking activity.

Berthold et al. (1990) described a method for
testing cardiotonic sodium channel activators in
isolated, electrically stimulated left guinea pig
atria after potassium depolarization.

Olson et al. (1995) studied the function of
isolated rat left atria and papillary muscles
and quantified the voltage-response relationship
between punctate and field electrical stim-
ulation after pretreatment with reserpine or
B-blockers.

Goineau and colleagues (2012) compared the
effect of sodium channel blocker lidocaine on the
slowing of cardiac conduction using atrial action
potential model in rabbit and guinea pig left stim-
ulated atria.

Shurayama et al. (1991) investigated the elec-
trophysiological effects of sodium channel
blockers (mexiletine, lidocaine, disopyramide,
aprindine, and flecainide) on the guinea pig left
atrium.

Penson et al. (2008) used rat isolated left atria
and right ventricle to compare the effect of ische-
mic preconditioning and B-adrenoceptor-mediated
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preconditioning on the myocardial ischemia, pro-
viding detailed description of atrial preparations.

Gardner and Broadley (1999) analyzed the
characteristics of adenosine receptors in guinea
pig isolated right and left atria and papillary
muscles.

Quan and colleagues (2010) described prepara-
tion of perfused beating rabbit atria, which they
used to study pl-adrenergic receptor-activated
mechanism of decreasing atrial natriuretic peptide
release.

Boer et al. (2011) investigated involvement of
different  adrenoceptor  subtypes in the
catecholamine-induced automatism in rat left atria.
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B2-Sympatholytic Activity in the
Isolated Tracheal Chain

Purpose and Rationale

Contraction of bronchial smooth muscle is

induced by the cholinergic agonist carbachol.
The carbachol effect can be antagonized by the
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p-agonist isoprenaline (isoproterenol). A com-
pound has pf-sympatholytic activity if the
spasmolytic action of isoprenaline is inhibited.
The fp-sympatholytic effect of drugs can be eval-
uated in an in vitro model. Since the trachea
contains  predominantly  f,-adrenoreceptors,
Po-blocking activity can be assessed by this test.

Procedure

Male Pirbright White guinea pigs weighing
250-300 g are used. The animals are sacrificed
by stunning and exsanguination. The trachea is
removed and cut into individual rings. Six rings
are connected in series by means of short loops of
silk thread. The tracheal chain is mounted in a
50-ml organ bath with a preload of 1 g for isotonic
registration. To the nutritive solution (Tyrode)
containing ascorbic acid and 1.0 g/l glucose, the
a-receptor-blocking agent phentolamine (0.1 pg/
ml) and the spasmogen carbachol (80 ng/ml) are
added. The solution is maintained at 34 °C and
aerated with 95 % O, and 5 % CO,

Experimental Course
After an equilibration period of 30 min, cumulative
doses of 107" to 10~ M of the spasmolytic agent
isoprenaline are added. When maximal relaxation
is obtained, the organ bath is flushed and the pro-
cedure repeated. After the two control relaxations
with isoprenaline, the tissue is rinsed thoroughly,
and the first dose of the test compound is adminis-
tered. Three minutes later, cumulative doses of
isoprenaline are administered as before. Following
a 10-min washout and recovery period, the next
dose of the test compound is given. Up to ten drug
concentrations can be tested with one organ.
Standard compounds:

* Propranolol
e Practolol
Evaluation

Percent inhibition of isoprenaline-induced relaxa-
tion under drug treatment is calculated compared
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to maximal relaxation induced by isoprenaline
alone (control = 100 %).

A competitive antagonism of the test com-
pound is evaluated and can be quantitated from
the dose—response curve.

Modifications of the Method

For a detailed review on pharmacological tech-
niques for the in vitro study of airways, see pub-
lication by Fedan et al. (2001). The authors
evaluated preparation of tracheal and bronchial
strips and rings, also describing in detail the tech-
nique of isolated, perfused trachea preparation.

O’Donnell and Wanstall (1980) used guinea
pig tracheal preparations, where K'-depolariza-
tion was achieved by replacing all the Na* in
Krebs solution by an equivalent amount of K"
causing a sustained contraction of the prepara-
tions. A dose-dependent relaxation effect of iso-
prenaline could be obtained provided that the
preparations were repolarized by washing in nor-
mal Krebs solution between curves. pA2 values
were in good agreement with values obtained in
other types of tracheal preparations.

The guinea pig superfused trachea and
dispersed tracheal cells have been used by
Buckner et al. (1995) to compare the effects of
isoproterenol and forskolin on immunologic and
nonimmunologic histamine release.

Lundblad and Persson (1988) found that epi-
thelial removal has a little consequence for the
pharmacology of the guinea pig tracheal open
ring preparation in vitro.

Cheng et al. (2014) described preparation of rat
trachea strips, which could be used as a simple and
rapid test needed for screening parasympathetic
mimetic agents and potential tracheal contraction
agents.

Liu et al. (2014) used rat trachea strips to
evaluate the synergized effect of steroids and anti-
histamines on airway smooth muscle contractility.
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Angiotensin-Converting Enzyme
Inhibition in the Isolated Guinea Pig
lleum

Purpose and Rationale

The angiotensin-converting enzyme (ACE) is
responsible for the formation of the active angio-
tensin II from the inactive angiotensin I (Campbell
et al. 2004). The same enzyme is also responsible
for the degradation of the active peptide bradyki-
nin to inactive products. ACE activity can there-
fore be measured in two ways: activity of the
newly formed angiotensin II and inhibition of
the activity of bradykinin. ACE inhibition results
in decreased angiotensin II activity and potentia-
tion of the bradykinin effect. The guinea pig ileum
contracts in response to both peptides, angiotensin
IT and bradykinin, and can be used for quantitative
determination of ACE-inhibiting activity.

Procedure

Guinea pigs of either sex weighing 300-500 g are
used. They are sacrificed by stunning and exsan-
guination. The abdomen is opened with scissors.
Just distal to the pylorus, a cord is tied around the
intestine which is then severed above the cord.
The intestine is gradually removed, and the mes-
entery is being cut away as necessary. When the
colon is reached, the intestine is cut free. Below
the cord, the intestine is cut halfway through, so
that a glass tube can be inserted. Tyrode solution is
passed through the tube and the intestine until the
effluent is clear. The mesentery is cut away from
the intestine that was joined to the colon. Pieces of
3-cm length are cut. Preferably, the most distal
piece is used being the most sensitive one. This
piece is fixed with a tissue clamp and brought into
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an organ bath with Tyrode solution at 37 °C being
oxygenated with O,. The other end is fixed to an
isometric force transducer (UC-2, Gould-
Statham, Oxnard, USA). Responses are recorded
on a polygraph.

Angiotensin | Antagonism

After an equilibrium time of 30 min, angiotensin
I is added in a concentration of 10 ng/ml
bath solution. The force of contraction is
recorded, and the angiotensin I dosage is
repeated once or twice until the responses are
identical. Then the potential ACE inhibitor is
added. After a 5-min incubation time, again
angiotensin I is added. The contraction is dimin-
ished depending on the activity of the ACE
inhibitor.

Bradykinin Potentiation

Pieces of guinea pig ileum are prepared as
described before. After an equilibrium time of
30 min, bradykinin is added in a concentration
of 15 ng/ml bath solution. The force of contrac-
tion is recorded and bradykinin additions
are repeated once or twice until the response is
identical. Then the potential ACE inhibitor
is added. After a 5-min incubation time, again
bradykinin is added. The contraction is potenti-
ated depending on the activity of the ACE
inhibitor.

Evaluation

Angiotensin | Antagonism

The contraction after addition of the ACE
inhibitor is expressed as percentage of contrac-
tion without the ACE inhibitor. Using various
doses of the ACE inhibitor, /Cs, values (concen-
trations inducing 50 % inhibition) are calculated.
As standards, ramipril, enalapril, and captopril
are used.

Bradykinin Potentiation

The increase of the contraction after addition of
the ACE inhibitor is expressed as percentage of
contraction without the ACE inhibitor. As stan-
dard, ramiprilat is used.
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Modification of the Method

Minshall et al. (2000) demonstrated that angioten-
sin I-converting enzyme (ACE/kininase II) inhib-
itors potentiated guinea pig ileum’s isotonic
contraction to bradykinin and its analogues.

Carmona and Juliano (1996) used isolated
guinea pig ileum to assayed new retro-inverso
tripeptides that preferentially inhibit angiotensin-
converting enzyme or potentiate the response of
smooth muscle to bradykinin.
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Contractile and Relaxing Activity on
Isolated Blood Vessels Including
Effects of Potassium-Channel Openers

Purpose and Rationale
The contractile process within the vascular

smooth muscle results from an increase in the
concentration of intracellular Ca®". Inhibition of
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vasoconstriction occurs by addition of calcium
antagonists or by removal of extracellular cal-
cium. The vasorelaxing effects of compounds
can be tested in isolated rodent arteries (pulmo-
nary artery, thoracic aorta). Arterial rings or strips
with or without endothelial lining are contracted
with different agents, e.g., extracellular K and
Ca**, the a-adrenoceptor agonists phenylephrine
and noradrenaline, the Ca?* ionophore A23187,
or the thromboxane receptor agonist U46619.
Compounds with vasodilating activity antagonize
the induced contractions.

Potassium-channel ~ openers  such  as
cromakalim, nicorandil, pinacidil, or HOE
234 induce relaxation of contracted smooth mus-
culature (Bolton et al. 1998). These effects are
explained by data from the patch clamp technique
and ion flux experiments as well as by antagonism
against potassium-channel blockers. They indi-
cate the potential use as antihypertensive and
antiasthmatic drugs (Hamilton and Weston 1989;
Edwards and Weston 1990, 1993; Weston and
Edwards 1992). The studies are complicated by
the high diversity of potassium channels including
ATP-sensitive, voltage-sensitive, and Ca**-activated
channels (Mourre et al. 1986; Blatz and Magleby
1987; Ashcroft and Ashcroft 1990; Jan and
Jan 1990; Pongs 1992; Wann 1993). Since each
functional channel appears to consist of four
different subunits, the possibility exists that there
may be hundreds of different voltage-sensitive
K channels, depending on their subunit composi-
tion. Ashcroft and Gribble (2000) discussed new
windows on the mechanism of action of Kurp
channel openers.

Glibenclamide is an antagonist of the
ATP-modulated K channel allowing the localiza-
tion of the binding sites (Eltze 1989; French
et al. 1990; Mourre et al. 1990; Miller et al. 1991).

Procedure

Male Pirbright White guinea pigs weighing about
400 g, or Chinchilla rabbits weighing about 3.5 kg,
or Sprague-Dawley rats weighing 250—400 g are
used as donor animals. The tested vessels are the
thoracic aorta or the arteria pulmonalis.
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Materials and solutions

Physiological salt solutions (PSS) [mM]

PSS1 PSS 11 PSS III
NaCl 122 112 72 (92)
KC1 5.0 5 40 (20)
CaCl, 1.2 - -
MgSO, 0.56 0.56 0.56
KH,PO,4 1.2 1.2 1.2
NaHCO; 25 25 25
EDTA - 0.2 -
Glucose 12 12 12
Contracting agents
K"+ Ca®* 40 mM + 0.5

mM
K"+ Ca®" 20 mM + 0.5
mM

U 46619 (thromboxane A, 1 uyM
analogue)
A 23187 (calcium ionophore) 5uM
Noradrenaline 1M
Phenylephrine 0.1 pM
Acetylcholine 1 pM
Oxyhemoglobin 10 yM
Methylene blue 10 pM

Animals are sacrificed by stunning and exsan-
guination. At least four isolated organs are tested
per drug. The heart and the pulmonary artery
are quickly removed and immersed in PSS T at
room temperature. The artery is dissected into
rings, and endothelial cells are removed by gently
rubbing the intimal surface. Spirally cut strips
of 15-20-mm length and 1-1.5-mm width are
suspended at a resting force of 380 mg in
an organ bath containing 20 ml oxygenated
(95 % 0O,, 5 % CO,) PSS T at 37 °C. Changes in
length are recorded isotonically using a lever
transducer (368 type B, Hugo Sachs Elektronik,
Freiburg).

To test the effect of compounds on vessels with
intact endothelial lining, the thoracic aorta of rats
is isolated and dissected free from surrounding
tissue. Rings of 3-mm width are cut and
suspended in the organ bath containing PSS L
Isometric force is measured with a force trans-
ducer (UC-2, Gould-Statham, Oxnard, USA)
under a resting tension of 500 mg.
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The functional integrity of the endothelium is
tested before drug administration. One pM acetyl-
choline in the organ bath should result in a tran-
sient relaxation.

After an equilibration period of 1 h, contraction
of each vessel strip or ring is induced by addition of
one of the contracting agents into the organ bath.

To induce contractions of potassium-depolarized
vessels, three different PSS solutions are used (PSS
I for 30 min, PSS II for 3 x 15 min, and PSS III).
Contraction is induced in the presence of PSS 111 by
adding 0.5 mM Ca*" into the organ bath.

When a stable plateau of contraction is
achieved, cumulative concentrations of the test
compound are added into the organ bath to obtain
drug-response curves. Consecutive concentra-
tions are added either at 1-h intervals or when
the response of the previous dose has reached a
steady-state level.

In order to study the time course of relaxation
and the duration of action, only one concentration
is tested.

To test whether the mechanism of action of a
vasorelaxing agent is related to the liberation of
nitric oxide, methylene blue or oxyhemoglobin
(10 pM) are added to the organ bath 15-30 min
prior to the cumulative administration of the test
compound. Methylene blue or oxyhemoglobin
blocks selectively NO-induced relaxation.

Evaluation

Mean values of relaxation =SEM are calculated.
The height of contraction before the first drug
administration is taken as 100 %.

IC%° values are determined from the individual
dose—response curves. IC° is defined as the dose
of drug leading to a 50 % relaxation of the con-
traction induced by KCI or other agonists.

Statistical evaluation is performed by means of
the #-test.

Modifications of the Method

Calderone et al. (1996) compared four rat aortic
preparations (single ring, spiral strip, zigzag strip,
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and multiple rings) on the basis of responses to
noradrenaline  and  acetylcholine.  They
recommended the multiple-ring preparation as
the most suitable of all four for the study of
vasoactive drugs because of the reproducibility
of both contracturant and relaxing responses.

Kentet al. (1982) used rat aortic strips contracted
to a stable tension by either phenylephrine or
barium chloride for comparison of vasodilators.

Wilson et al. (1988) studied in isolated rings of
rat aorta precontracted with noradrenaline the
antagonism of glibenclamide against the
vasorelaxation induced by cromakalim.

Lohn et al. (2002) cannulated cerebral arteries
from mice with glass cannulas on both sides,
allowing an application of hydrostatic pressure
to the vessel. Diameter was measured by using a
videomicroscopic system (Nikon Diaphot,
Diisseldorf, Germany) connected to a personal
computer with appropriate software for detection
of changes of vessel diameter (TSE, Bad Hom-
burg, Germany).

Nishimura and Suzuki (1995) tested the con-
tractile responses to 5-HT in basilar arteries, supe-
rior mesenteric arteries, and thoracic aortas from
stroke-prone spontaneously hypertensive rats in
comparison to normal Wistar—Kyoto rats and
found that the hyperresponsiveness to 5-HT is
mediated by different 5-HT receptor subtypes.

Fouda et al. (1991) used the isolated tail arter-
ies from rats. Differences of the vasoconstrictor
response to potassium and norepinephrine
between tail arteries from spontaneously hyper-
tensive, renovascular hypertensive, and various
strains of normotensive rats were found.

Hamilton et al. (1986) and Dacquet
et al. (1987) studied the effects of calcium entry
blockers in rat portal vein.

Brétveit and Helle (1984) studied the inhibition
of vascular smooth muscle by vasoactive intestinal
peptide (VIP) in the isolated rat portal vein.

Shetty and Weiss (1987) studied the inhibition
of spontaneous rhythmic movements and
norepinephrine-induced tension responses in the
rat portal vein.

Edwards et al. (1991) compared the effects of
several potassium-channel openers on the rat
bladder and rat portal vein in vitro.
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Smith et al. (1993) tested the ability of
C-terminally truncated fragments of human
a-calcitonin gene-related peptide to relax mesen-
teric arteries precontracted with norepinephrine.

Chen et al. (1996) studied the contractile
effects of noradrenaline and neuropeptide Y
given alone or in combination on isolated rat
mesenteric resistance vessels.

Gurden et al. (1993) used guinea pig aorta
relaxation for functional characterization of aden-
osine receptor types.

Eltze (1989) studied the antagonism of
glibenclamide against potassium-channel openers
in the isolated guinea pig pulmonary artery.

Szentmiklosi et al. (1995) used circular seg-
ments from the proximal part of the main pulmo-
nary artery of guinea pigs to study contractile and
relaxant effects of adenosine receptors.

Pikkers and Hughes (1995) examined the
effect of hydrochlorothiazide on intracellular cal-
cium concentration [Ca®*1i and tone in guinea pig
mesenteric arteries. Vessels were mounted on
a microvascular myograph and loaded with the
Ca”"-sensitive fluorescent dye, Fura-2.

Nishimura et al. (1998) used isolated aorta
rings from Syrian hamsters. Contractile responses
were recorded with an isometric transducer (TSE,
Bad Homburg, Germany) and stored (TSE data
acquisition software).

Meisheri et al. (1990) recommended the use of
the isolated rabbit mesentery artery as a sensitive
in vitro functional assay to detect K'-channel-
dependent vasodilators.

Mironneau and Gargouil (1979) studied the
influence on electrophysiological and mechani-
cal parameters of longitudinal smooth muscle
strips isolated from rabbit portal vein by
means of a double sucrose-gap method associ-
ated with a photoelectric device for recording
contractions.

Lauth et al. (2001) performed superfusion
assays with the rabbit jugular vein. Four venous
ring segments (3—4 mm long) were tested simul-
taneously by mounting them between force trans-
ducers and a rigid support for measurement of
isometric force. Increasing doses of bradykinin
were applied as bolus injections, and the ensuing
constrictor response was monitored with the aid of
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a PC-operated analysis system (BioSys, TSE, Bad
Homburg, Germany).

McBean et al. (1986, 1988) used isolated seg-
ments of the arteria basilaris of pigs to detect
compounds with antivasoconstrictive properties.
Contraction is elicited by PGF2a, serotonin, or
norepinephrine. Specimens are obtained from
adult pigs (strain: Deutsche Landrasse) within
30 min after slaughter from the local slaughter-
house and stored in nutritive solution. The vessels
are trimmed to a length of 4 mm, and the segments
are suspended between 2 L-shaped metal hooks in
a bath containing 20 ml modified Krebs—Henseleit
solution (NaCl 148 mM, KCl 5.4 mM, CacCl, 2.2
mM, NaHCO; 12 mM, glucose 12 mM). The bath
solution is maintained at 37 °C and continuously
gassed with carbogen to produce a resulting pH of
7.35-7.45. The preparation is incubated under a
tension of 37.28 mN (optimal passive load pro-
ducing the largest contractile response to
3 x 10" °MPGF2a). Following a 60-min stabili-
zation period, the vessels are sensitized with
30 mM KCI for 10 min. The vessels are washed
for 1 min and allowed to recover for 30 min with
additional 1-min washes at 15 and 30 min. There-
after, contractions of the vessels are induced by
adding PGF2a at 3 x 10°® M. The contractile
response is allowed to plateau, and then the test
compound is administered at cumulative doses.

For each test compound, a dose-response
curve is recorded. The EC50 is obtained graphi-
cally or by means of a Hill plot. The EC50 is
defined as the dose of drug producing half maxi-
mal response.

Werner et al. (1991) studied the vascular selec-
tivity of calcium antagonists using porcine iso-
lated ventricular trabeculae and right coronary
arteries.

Merkel et al. (1992) used isolated porcine cor-
onary artery rings precontracted with prostaglan-
din F2a to demonstrate the vasorelaxant activity
of an Al-selective adenosine agonist.

Miwa et al. (1993) compared the effect of a K-
channel opener with cromakalim, nitroglycerin,
and nifedipine on endothelin-1-induced contrac-
tion of porcine coronary artery.

Satoh et al. (1993) investigated in isolated por-
cine large coronary arteries whether or not the
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vasorelaxant actions of nicorandil and
cromakalim would be selective using seven dif-
ferent vasoconstrictor agonists.

Yokoyama et al. (1994) studied the
vasodilating mechanisms of several pyridinecar-
boximidamide derivatives in isolated porcine cor-
onary arteries.

Makujina et al. (1995) described a procedure
that facilitates the eversion of vascular smooth
muscle. Vascular segments of porcine coronary
artery, approximately 2 cm in length, were sutured
to portions of polyethylene tubing inserted into
the lumen of the vessel. After being secured and
stabilized by the tubing, the vessel was everted
while immersed in physiological buffer. Intracel-
lular calcium concentrations (measured by Fura-2
AM fluorometry) and tension were registered
simultaneously in everted rings denuded of
endothelium.

Izumi et al. (1996) tested a K '-channel opener
and related compounds in isolated porcine coro-
nary arteries contracted with 25 mM KCI.

Frebert et al. (1996) described impedance
planimetry as a new catheter-based technique to
measure porcine coronary artery pharmacody-
namics and compared the results with the com-
monly used wire-mounted isometric tension
technique after in vitro application of nifedipine
in various concentrations. A four-electrode
impedance measuring system was located inside
a 12-mm-long balloon which was introduced into
3—4-cm-long segments of the left anterior
descending coronary artery obtained from 70- to
90-kg Danish Landrace—Yorkshire pigs.

Hamel et al. (1993) dissected segments
(3—4 mm long) of temporal ramifications of the
middle cerebral artery from bovine brains and
mounted them between two L-shaped metal
prongs in a tissue bath containing Krebs—Ringer
solution at 37 °C. Changes in muscle tension
were measured by a force displacement trans-
ducer and recorded on a polygraph. Several 5-HT
receptor agonists were tested for their ability to
induce vasoconstriction, and their potencies were
compared to that of 5-HT. The authors concluded
that bovine pial arteries appear to be the best avail-
able model for the human cerebrovascular S-HT1D
receptor.
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De la Lande et al. (1996) used isolated seg-
ments from proximal (4.5 mm i.d.) and distal
(0.5 mm i.d.) bovine coronary arteries and found
a heterogeneity of response to glyceryl trinitrate.

The isolated human coronary artery was
used to study the vasoconstriction by acutely act-
ing antimigraine drugs (Saxena et al. 1996a, b,
1997).
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Isolated Guinea Pig Ureter
Purpose and Rationale

The isolated guinea pig wureter shows
phasic—rhythmic contractions after addition of KCl
to the organ bath. Inhibition of this effect can be
explained as a modulation of potassium channels.

Procedure

Male unfasted guinea pigs weighing 400-500 g are
sacrificed, and both ureters are removed immedi-
ately without the part directly connected to the pelvis
in order to exclude the pacemaker region responsible
for spontaneous activity. Each segment of 2-cm
length is placed in a Petri dish containing Tyrode
solution at 37 °C, freed of surrounding connective
tissue, and then suspended at a baseline tension of
0.5 p in a 25-ml organ bath containing Tyrode
solution at 37 °C being aerated with 5 % CO,/95
% O, pH 7.4. Contractions are measured isometri-
cally using Gould-Statham UC-2 transducers. After
a 15-min equilibration period, KCI is added to the
bath in a final concentration of 3 x 102 Mol/l and
left in the bath for 2 min. KCI induces a constant
series of phasic—rhythmic contractions without a rise
in baseline tone. Subsequent washing causes the
immediate disappearance of the rhythmic contrac-
tions. This addition of KCl is repeated and the values
of these two experiments are used as initial values.
The antagonistic activity is studied by addition of
the test drug 1 min prior to the KCI challenge.
Percentage of the following parameters is deter-
mined: the mean height of contractions, frequency
of contractions, and product of mean height and
frequency of contractions. For interaction studies,
the potassium-channel blocker glibenclamide
10~° mol/l is added 1 min prior to the test drug.

Evaluation
Arithmetic means and standard deviations of the

data are calculated and compared with initial
values using Student’s #-test.
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Critical Assessment of the Method

The isolated guinea pig ureter stimulated with
KCl can be used for studies on the modulation of
potassium channels.

Modifications of the Method

Yoshida and Kuga (1980) recorded electrical
activities in a preparation consisting of the pelvic
region and the upper ureter of the guinea pig.
Train field stimulation of the pelvic region evoked
a train of nerve action potentials followed by a
multiphasic smooth muscle action potential after a
latency of about 2.5-8.0 s. This smooth muscle
response was abolished by tetrodotoxin and
dibucaine and also by cholinergic blocking
agents.

The effects of veratridine and of yohimbine on
the efflux of norepinephrine from -electrically
stimulated guinea pig ureters were studied by
Kalsner (1992).

Maggi and Giuliani (1994) studied the excit-
ability and refractory period of the guinea pig
ureter to electrical field stimulation.

Roza and Laird (1995) and Laird and Cervero
(1996) studied the pressor responses to distension
of the ureter in anesthetized rats as a model of
acute visceral pain.

A simple method for measurement of ureteric
peristaltic function in vivo in anesthetized rats was
published by Kontani et al. (1993).

Al-Aown et al. (2011) proposed using of por-
cine model of isolated ureteric smooth muscle for
the evaluation of the effect of different substances
on the ureter, specifically the effects of phospho-
diesterase type 5 inhibitors

Jered and colleagues (1999) have used ure-
ters from adult domestic swine and compared
four different methods of ureteric suspension to
determine the optimal contractile response to
electric field stimulation and carbachol.

Villa et al. (2013) compared the effect of al A-
adrenoceptor antagonists silodosin, tamsulosin,
and prazosin on contraction of the human and rat
isolated ureter.
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Kobayashi et al. (2009) have showed that a1 A-
adrenoceptor antagonist silodosin inhibited
a-adrenoceptor agonist-induced contraction in
both mouse and hamster ureters.
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Isolated Corpus Cavernosum
Purpose and Rationale

The isolated corpus cavernosum of rabbits has
gained interest as pharmacological model
since selective inhibitors of cyclic guanosine
monophosphate (cGMP) phosphodiesterase type
5 (PDES) were found to be effective in the treat-
ment of erectile dysfunction in men (Ballard
et al. 1996; Jeremy et al. 1997; Chuang
et al. 1998; Liu et al. 1998; Turko et al. 1999;
Wallis 1999; Wallis et al. 1999; Stief 2000; Aydin
etal. 2001; Thompson et al. 2001; Lin et al. 2002).

Procedure

Male New Zealand White rabbits weighing
3-4 kg are sedated with an intramuscular injection
of 25 mg/kg ketamine +6 mg/kg xylazine. Anes-
thesia is maintained by intravenous injection of
25 mg/kg Nembutal. The penis is removed at the
level of the attachment of the corporal bodies to
the ischium. The corpus cavernosum (total length
about 20 mm) is sharply dissected from the tunica
albuginea and two longitudinal strips with
unstretched length about 10 mm are made from
the proximal, more muscular portion.
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Corporal strips are placed in organ baths
containing 10 ml Tyrode buffer (NaCl 124.9
mmol/l, KCl 12.5 mmol/l, MgCl, - 6H,O 0.5
mmol/l, NaH,PO4 H,O 0.4 mmol/l, CaCl, 1.8
mmol/l, and glucose 5.5 mmol/l) at 37 °C. Each
tissue is equilibrated with a mixture of 95 % O,
and 5 % CO, at pH 7.4. One end of each strip is
connected to a force displacement transducer, and
changes in muscle tension are measured and
recorded with a polygraph. After zeroing and
balancing transducers and strip chart, 2.0 g of
tension is placed on each strip, and the strips are
allowed to equilibrate for 30 min.

Each strip is prestimulated with 10 pM phen-
ylephrine and then relaxed by electrical field stim-
ulation with square wave pulses of 80 V, 1-ms
duration at 2-16-Hz frequency. Then sodium
nitroprusside (0.01-100 pM) is added as NO
donor. Finally, the standard (sildenafil 1 nM to
1 pM) or the test compound is added.

Evaluation

The dose-dependent increase of relaxation after
test compound and standard is measured. From
dose-response curves, activity ratios can be
calculated.

Modifications of the Method

Wallis et al. (1999) studied the inhibition of human
phosphodiesterases PDE1 to PDEG6 by sildenafil in
various tissues, such as the cardiac ventricle, corpus
cavernosum, skeletal muscle, and retina.

Park et al. (1997) reported functional charac-
terization of angiotensin II receptors in rabbit
corpus cavernosum.

Yildirim et al. (1997) investigated the effects of
castration and testosterone on the constricting
effect of phenylephrine and endothelium-
dependent and endothelium-independent relaxing
effects of different agonists in the corpus
cavernosum of male rabbits.

Liu et al. (1998) analyzed the pharmacological
effects of in vitro ischemia on rabbit corpus
cavernosum.

M. Gralinski et al.

Gupta et al. (1998) found that activation of
Gj-coupled postsynaptic a,-adrenoceptors causes
contraction of smooth muscles in the corpus
cavernosum of rabbits.

Teixeira et al. (1998) used a bioassay cascade
to study the effect of Tityus serrulatus scorpion
venom on the rabbit isolated corpus cavernosum.

Cellec and Moncada (1998) used the clitoral
corpus cavernosum of female rabbits to study
the role of nitrergic neurotransmission in
non-adrenergic,  non-cholinergic  relaxation
responses.

The isolated corpus cavernosum of rats has
been used by Tong and Cheng (1997), Gemalmaz
etal. (2001), and Wingard et al. (2003), of mice by
Gocmen et al. (1997) and Mizusawa et al. (2001),
of dogs by Hayashida et al. (1996) and Comiter
et al. (1997), of monkeys by Okamura
et al. (1998), and of horses by Recio et al. (1997).

Studies in isolated human corpus cavernosum
were performed by Holmquist et al. (1991), Bush
et al. (1992), Rajfer et al. (1992), Cellek and
Moncada (1997), Ballard et al. (1998), Omote
(1999), Wallis et al. (1999), Lin et al. (2000),
and Stief et al. (1998, 2000).

In vivo studies measuring intracavernous pres-
sure in rats were performed by Ari et al. (1996),
Chan et al. (1996), Moody et al. (1997),
Reilly et al. (1997), Chang et al. (1998),
Mills et al. (1998), Gemalmaz et al. (2001), Takagi
et al. (2001), Rajasekaran et al. (2005), and
Wingard et al. (2003).

Cashen et al. (2002) measured intracavernous
pressure in anesthetized mice.

In vivo studies on penile erection were
performed in cats by Champion et al. (1997).

Intracavernous pressure was measured in vivo
in anesthetized dogs by Ayajiki et al. (1997),
Sarikaya et al. (1997), Carter et al. (1998), and
Noto et al. (2000).

Bischoff and Schneider (2000) described a
simple and quantitative model to study agents
that influence penile erection in conscious rab-
bits. Erection was assessed by measuring the
length of uncovered mucosa before and after the
intravenous administration of agents. Animals did
not require anesthesia during the course of the
study.
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adrenaline and isoprenaline administration is
repeated after injection of the highest dose of test
compound. If the test compound shows no effect,
a standard antihypertensive compound is admin-
istered for control purpose.

Hemodynamic parameters are recorded contin-
uously during the whole experiment.

Evaluation

Changes in blood pressure and heart rate after
drug administration are compared to control
values obtained during the 20-min predrug period.

Maximal changes in BP and HR and duration
of the effect are reported.

The results are scored relative to the efficacy of
standard compounds for the degree of the effect
and the duration of the effect.

Statistical significance is not tested because of
the small number of animals used (n = 2, some-
times 3 or 4), but larger numbers of animals have
to be used for quantitative evaluation.

Critical Assessment of the Method

Due to the administration of the test compounds
via the right common carotid artery, not only
peripherally acting vasodilators and neuron
blockers but also compounds affecting the blood
pressure regulating mechanisms in the CNS are
detected. Bolus injections of adrenaline and iso-
prenaline reveal possible a- or pf-antagonistic
effects.

Standard data:

The following compounds at the doses indi-
cated lead to a strong decrease in blood pressure:

* Clonidine 0.008 mg/kg

* Dihydralazine 1.0 mg/kg
* Phentolamine 3.0 mg/kg
* Prazosin 0.1 mg/kg

* Propranolol 1.0 mg/kg

* Urapidil 1.0 mg/kg

* Verapamil 0.1 mg/kg

M. Gralinski et al.

Modifications of the Method

Several authors (Mervaala et al. 1999; Wallerath
et al. 1999; Rothermund et al. 2000; Baltatu
et al. 2001) monitored arterial pressure and heart
rate using a pressure transducer system and con-
tinuously recorded on a computer-based registra-
tion system (TSE, Bad Homburg, Germany).

A procedure for differential intra-arterial pres-
sure recordings from different arteries in the rat
was described by Pang and Chan (1985).

DeWildt and Sangster (1983) described the eval-
uation of derived aortic flow parameters measured
by means of electromagnetic flowmetry as indices
of myocardial contractility in anesthetized rats.

Using a special Millar ultraminiature catheter
pressure transducer and a thermodilution micro-
probe, Zimmer et al. (1987, 1988) measured right
ventricular functional parameters in anesthetized,
closed-chest rats.

Veelken et al. (1990) published improved
methods for baroreceptor investigations in chron-
ically instrumented rats.

Salgado and Krieger (1988), de Abreu and
Salgado (1990), and Da Silva et al. (1994) studied
the function of the baroreceptor reflex in thio-
pental anesthetized rats. The left aortic nerve was
isolated and supported by a bipolar stainless steel
electrode and carefully insulated with silicone
rubber. Carotid pressure was recorded simulta-
neously with aortic nerve discharges on an oscil-
loscope and monitored with a loudspeaker.

King et al. (1987) developed a cross circulation
technique in rats to distinguish central from
peripheral cardiovascular actions of drugs. The
right common carotid arteries were ligated, and
the left common carotid arteries and left and right
external jugular veins of two phenobarbital-
anesthetized rats were connected with polyethyl-
ene tubing so that peripheral blood from one
rat, A, supplied the head of another rat, B, and
then returned to the body of A, and vice versa, for
peripheral blood from rat B. Each rat was artifi-
cially ventilated with O,, the chest was opened,
and both subclavian arteries were ligated. Prior to
the ligation of the subclavian arteries, blood flow
from rat A supplied its own brain and both brain
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hemispheres but not the brain stem of rat B.
Following subclavian artery ligation, blood flow
from rat A did not supply A’s brain, but supplied
both hemispheres and brain stem of rat B. The
head of each rat was, therefore, rendered depen-
dent on the carotid arterial blood supply from
another rat. This rat cross circulation preparation
can be used to separate the central and peripheral
cardiovascular actions of drugs.

Zavisca et al. (1994) studied the hypertensive
responses to defined electrical and mechanical
stimuli in anesthetized rats. Rats were given
etomidate, 3.8 mg/kg/h intravenously following
carotid artery and jugular vein cannulation. At
15 min after beginning the infusion, four types of
noxious stimuli were administered sequentially at
I-min intervals: type 1 (square electrical waves
125 cps, 1.6 ms, 2-s duration, varying current
from 0.4 to 12 mA), type 2 (a single 10-mA elec-
trical stimulus, 5-s train duration), type 3 (tail
clamping), and type 4 (skin incision). After each
stimulus, maximum change in systolic blood pres-
sure was measured. Graded electrical stimulation
allowed the best quantitative evaluation of the
hypertensive response to noxious stimuli.

Hyman et al. (1998) described a novel catheter-
ization technique for the in vivo measurements of
pulmonary vascular responses in rats. Male
Charles River rats weighing 26-340 g were anes-
thetized and strapped in supine position to a fluoro-
scopic table. They breathed air enriched with
oxygen through an endotracheal tube inserted by
tracheostomy. Catheters were inserted into the fem-
oral blood vessels. The venous catheters were
passed to the right atrium under fluoroscopy. A
F-1 thermistor—catheter was passed from the left
carotid artery into the ascending aorta under fluo-
roscopy, and a PE-50, 150-mm plastic catheter with
a specially constructed curved tip was passed fluo-
roscopically from the left jugular vein into the main
pulmonary artery. A plastic radiopaque 22-gauge
catheter 100 mm in length with a curved tip was
passed with a 0.025-mm soft-tip coronary guiding
catheter from the right jugular vein through the right
atrium to the inferior vena cava. The coronary soft-
tip guide was then withdrawn. A specially curved
102.5-mm transseptal needle, 0.4 mm in diameter,
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was then passed though the catheter. Both the nee-
dle and catheter were withdrawn into the superior
portion of the right atrium under fluoroscopic guid-
ance so that the needle and catheter both rotated
freely. With the rat in a slight left anterior oblique
position, the catheter and needle were carefully
rotated anteriorly to the intra-atrial septum. With
gentle pressure, the catheter and needle can be felt
and seen fluoroscopically to pass through the atrial
septum. As the needle was withdrawn, the curve of
the catheter permitted passage of the tip into the
vein draining either the left or right lower lobe.
The catheter was carefully positioned near the pul-
monary venoatrial junction and fixed in place.
Mean pressures in the femoral artery, pulmonary
artery, and pulmonary vein at the venoatrial junc-
tion were measured with pressure transducers and
recorded on a polygraph. Cardiac output was
obtained in triplicate by delivering 0.1 ml normal
saline at room temperature into the femoral venous
catheter at the right venoatrial junction and deter-
mining thermodilution cardiac output with the
thermistor—catheter in the ascending aorta.

Hayes (1982) described a technique for deter-
mining contractility, intraventricular pressure, and
heart rate in the anesthetized guinea pig by
inserting a needle, attached to a pressure trans-
ducer, through the chest wall into the left ventricle.

Williams et al. (1965) used castrated male
ferrets anesthetized by intramuscular injection of
a mixture of 55 mg/kg ketamine and 4 mg/kg
xylazine to measure the effects of a nonpeptidyl
endothelin antagonist on endothelin-induced pres-
SOI responses.
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Blood Pressure in Pithed Rats
Purpose and Rationale

The pithed rat has been proposed for assessing
pressor substances by Shipley and Tilden (1947).
The preparation is frequently used to evaluate drug
action on the cardiovascular system since this prep-
aration is devoid of neurogenic reflex control that
may otherwise modulate the primary drug effect.
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Procedure

Male rats weighing 250-350 g are prepared
for pithing under halothane anesthesia. The left
carotid artery is cannulated for blood pressure
monitoring and blood sampling. Furthermore,
the trachea and the right jugular vein are
cannulated. The rats are pithed inserting a steel
rod, 2.2 mm in diameter and about 11 cm
in length, through the orbit and foramen
magnum down the whole length of the spinal
canal. Via the tracheotomy tube, the animals are
ventilated with a small animal ventilation
pump. Inspirated air is oxygen-enriched by
providing a flow of oxygen across a T-piece
attached to the air intake of the ventilation
pump (Harvard Apparatus model 680). The rats
are ventilated at a frequency of 60 cycles/min
with a tidal volume of 2 ml/100 g body
weight. Thirty minutes after pithing, a 0.3-ml
blood sample is withdrawn from the carotid
cannula and immediately analyzed for pO,,
pCO,, pH, and derived bicarbonate concentration
using an automatic blood gas analyzer.
By alterations of the respiratory stroke volume
of the pump, the values are adjusted to: pCO,
3043 mmHg, pH 7.36-7.50, and pO,
87-105 mmHg.

Continuous registration of blood pressure and
cardiac frequency (Hellige He 19 device and
Statham P23 DB transducer) is performed via
the left carotid artery.

In order to measure a;- and a-antagonism,
first dose-response curves are registered using
doses of 0.1-30 pg/kg iv. phenylephrine
(a selective aj-agonist) and 1-1,000 pg/kg
i.v. BHT 920 (a selective a,-agonist). The test
drug is administered intravenously and the agonist
dose-response curves are repeated again 15 min
later.

Evaluation

If the curve of blood pressure response to the
agonists is shifted, dose—response curves are plot-
ted on a logarithmic probit scale and potency
ratios are calculated.
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Modifications of the Method

Gillespie and Muir (1967) described a method of
stimulating the complete sympathetic outflow
from the spinal cord to blood vessels in the
pithed rat by coating those parts of the pithing
rod which lay in the sacral and cervical region of
the spinal cord with high resistance varnish to
restrict stimulation to the thoracolumbar region.
The steel rod is insulated with an adhesive
throughout its length except for a 5-cm section
which provides a sufficient stimulation area of
the lower thoracolumbar nerves. For stimulating
nerve fibers supplying exclusively the heart, a
pithing rod is used which is insulated throughout
its length except for a 0.5-cm section 7 cm prox-
imal to the tip. The spinal cord is stimulated
electrically using the pithing rod as the cathode
and a hypodermic needle which is inserted under
the skin near the right hind limb, as the anode.
Varying the intensity and/or the duration of
the stimulation, dose-response curves can be
registered which are altered after treatment with
drugs.

Curtis et al. (1986) described an improved
pithed rat method by mounting the preparation
vertically with the head pointing downwards
resulting in considerably higher blood pressure
and heart rate.

MacLean and Hiley (1988) studied the effect of
artificial respiratory volume on the cardiovascular
responses to an a;- and a,-adrenoceptor agonist in
the air-ventilated pithed rat using microsphere
technique and analysis of arterial blood gases
and pH.

Trolin (1975) used decerebrated rats to study
the clonidine-induced circulatory changes.

Balt et al. (2001) compared the angiotensin II
type 1 (AT) receptor blockers losartan, irbesartan,
telmisartan, and the ACE inhibitor captopril on
inhibition of angiotensin-Il-induced facilitation of
sympathetic neurotransmission in the pithed rat.
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Antihypertensive Vasodilator Activity
in Ganglion-Blocked, Angiotensin
lI-Supported Rats

Purpose and Rationale

The method is used to demonstrate direct vasodila-
tor activity of potential antihypertensive agents. The
experimental model is an anesthetized, ganglion-
blocked rat whose blood pressure is maintained by
an intravenous infusion of angiotensin II. The test
allows to differentiate between centrally acting anti-
hypertensives and peripheral vasodilators.

Procedure

Male Wistar rats weighing 275-450 g are anes-
thetized with a combination of urethane
(800 mg/kg) and chloralose (60 mg/kg) adminis-
tered intraperitoneally in a volume of
10 ml/kg. Following induction of anesthesia,
chlorisondamine (2.5 mg/kg) is injected into the
peritoneal cavity to abolish sympathetic and para-
sympathetic nerve activity. The right femoral
artery is cannulated to monitor blood pressure
(Statham pressure transducer P23 DB) and heart
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rate. Both femoral veins are cannulated to admin-
ister drugs or infuse angiotensin II. The trachea is
intubated and animals are allowed to breathe
spontaneously. Following a stabilization interval
of 10—15 min, angiotensin II is infused at a rate of
0.25 or 3.5 pg/min in a volume equivalent to 0.05
ml/min (Harvard infusion pump).

After an increase of blood pressure, a new
elevated steady-state pressure is established
within 15-20 min. Drugs are subsequently
injected intravenously over an interval of 3 min
in a volume of 2 ml/kg. Mean arterial pressure is
recorded on a polygraph at 5, 10, 15, 20, and
30 min after initiation of drug administration.
Seven to nine animals are used for each drug and
dose level studied.

a-Adrenoreceptor blockade can be determined
in ganglion-blocked rats. Pressor responses to
graded doses of phenylephrine injected intrave-
nously are obtained before and 15 min after admin-
istration of test compounds.  Sufficient
concentrations of phenylephrine have to be given
to ensure a rise in mean arterial blood pressure of
50 mmHg or more. Data obtained from five or six
animals are averaged and resultant dose—response
curves plotted. The dose of phenylephrine required
to elicit a 50-mmHg increase in mean arterial blood
pressure is interpolated from dose—response curves.

Standard data:

The following compounds are used as stan-
dards and, at the doses indicated, lower mean
arterial blood pressure by about 50 mmHg:

* Cinnarizine 3.0 mg/kg, i.v.

* Hydralazine 1.0 mg/kg, i.v.
* Minoxidil 10.0 mg/kg, i.v.
 Saralasin 0.03 mg/kg, i.v.

* Molsidomine 0.1 mg/kg, i.v.

Evaluation

Mean values += SEM are given for mean arterial
blood pressure and heart rate. Changes of these
parameters after drug administration are compared
to control values obtained immediately before the
application of the test compound. Statistical signif-
icance is assessed by means of the paired #-test.
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Critical Assessment of the Method

A hypotensive response in this model appears to
correlate more closely with antihypertensive
activity in DOCA-salt hypertensive rats than
does a vasodilator response in the perfused hind
limb of anesthetized dogs and allows a distinction
between central antihypertensive and
vasodilators.

Modifications of the Method

Santajuliana et al. (1996) developed a standard
ganglionic blockade protocol to assess neurogenic
pressor activity in conscious rats. Rats were
instrumented with arterial and venous catheters
for measurement of arterial pressure and heart
rate and for administration of three different gan-
glionic blockers (trimethaphan, hexamethonium,
and chlorisondamine).
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Blood Pressure in Conscious
Hypertensive Rats (Tail-Cuff Method)

Purpose and Rationale

Rats with spontaneous or experimentally induced
hypertension are widely used for screening of
potentially antihypertensive compounds. The
indirect tail-cuff method allows the determination
of systolic blood pressure according to the follow-
ing principle: The cuff is quickly inflated to well
above suspected systolic blood pressure; the pulse
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will then be obliterated. Thereafter, pressure in the
cuff is slowly released and, as the pressure falls
below systolic blood pressure, the pulse will
reappear. The method is analogous to sphygmo-
manometry in human and can be applied not only
at the tail of awake rats but also in dogs and small
primates. The indirect tail-cuff method is widely
used to evaluate the influence of antihypertensive
drugs in spontaneously and experimentally
hypertensive rats.

Procedure

Male spontaneous hypertensive rats (Charles
River) weighing 300-350 g or rats with experi-
mentally induced hypertension are used.

Surgical Procedure to Induce Renal
Hypertension
Male Sprague—Dawley rats weighing 80-100 g
are anesthetized by intraperitoneal injection of
0.8 ml 4 % chloral hydrate solution. Both kidneys
are exposed retroperitoneally. To induce renal
hypertension, a silver clip (0.2 mm diameter,
4 mm length) is placed onto both renal arteries,
the kidneys are reposed, and the wound is closed
by suture.

Within 5-6 weeks, operated animals attain
a renal hypertension with a systolic blood
pressure (BPs) of 170-200 mmHg (mean normal
physiological BPs for rats is 100 mmHg).
Only animals with a BPs = 180 mmHg are used
for the tests.

Test Procedure

The procedure is the same for spontaneously and
experimentally hypertensive rats. Groups of six
animals are used per dose. The control group
receives saline only. To reduce spontaneous vari-
ations in blood pressure, animals are adjusted to
the experimental cage by bringing them into the
restraining cage which is enclosed in a 31-32 °C
measuring chamber three to four times before the
start of the experiment for a period of 30-60 min.
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To measure blood pressure, a tubular inflatable
cuff is placed around the base of the tail and a
piezoelectric pulse detector is positioned distal to
the cuff. The cuff is inflated to approximately
300 mmHg. As the pressure in the cuff is slowly
released, the systolic pressure is detected and sub-
sequently recorded on a polygraph.

The test substance is administered intraperito-
neally or by gavage once per day over a period of
5 days. The usual screening dose of a new com-
pound is 25 mg/kg. Blood pressure and heart rate
measurements are taken at the following times:

Day 1: predose and 2 h postdrug
Day 3: predose and 2 h postdrug
Day 5: predose, 2 h postdrug, and 4 h postdrug

Between measurements, animals are returned
to their home cages.
Standard compounds:

* Endralazine (3 mg/kg p.o.)
* Nifedipine (3 mg/kg p.o.)
e Urapidil (5 mg/kg p.o.)

Evaluation

Mean values in systolic blood pressure before and
after drug administration and the duration of the
effect are determined. Percent decrease in systolic
blood pressure under drug treatment is calculated.
Statistical significance is assessed by the Student’s
t-test.

Scores for % decrease in systolic blood pres-
sure and for the duration of the effect are allotted.

Critical Assessment of the Method

The indirect tail-cuff method is being used in
many laboratories with many modifications of
the devices. Pfeffer et al. (1971) found a good
correlation between values obtained with the indi-
rect tail-cuff method and values measured directly
with indwelling carotid arterial cannulae, whereas
Buiiag et al. (1971) reported a lack of correlation
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between direct and indirect measurements of arte-
rial pressure in unanesthetized rats, and Patten and
Engen (1971) found difficulties to measure accu-
rate systolic values at higher blood pressure. A
good correlation between direct blood pressure
data from the carotid artery in rats and readings
with the tail-cuff method was found by Matsuda
et al. (1987) who developed a six-channel auto-
matic blood pressure measuring apparatus with a
highly sensitive photoelectric sensor for the detec-
tion of tail arterial blood flow and a microcom-
puter system for automatic measurement of
systolic blood pressure and heart rate and for
data acquisition and processing.

Modifications of the Method

Details of the tail-cuff method in rats have been
discussed by Stanton (1971).

Special equipment for measuring blood pres-
sure in rats is commercially available (e.g., TSE
GmbH, Bad Homburg, Germany).

Widdop and Li (1997) described a simple ver-
satile method for measuring tail-cuff systolic
blood pressure in conscious rats. A tail cuff
consisting of a metal T-piece tube with latex rub-
ber inside the tube is placed around the tail at the
proximal end. A piezoelectric transducer (model
MLT1010) is strapped to the ventral surface of the
tail to record the pulse signal from the caudal
artery and connected directly to a MacLab data-
acquisition system (ADInstruments Pty Ltd.).

The tail-cuff method for measurement blood
pressure has been adapted for dogs, monkeys
(Wiester and Iltis 1976), and cats (Mahoney and
Brody 1978).

Blood pressure can be measured from the hind
leg of the rat using a leg cuff and a photoelectric
cell situated at the dorsal surface of the foot
(Kersten et al. 1947). When the leg is occluded,
the foot swells and the amount of light striking the
photocell is reduced. When the pressure in the cuff
is released, the arterial blood flow is restored, the
increase of foot volume is decreased, and the
amount of light transversing the paw increases.
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Direct Measurement of Blood Pressure
in Conscious Rats with Indwelling
Catheter

Purpose and Rationale

The method first described by Weeks and Jones
(1960) allows the direct measurement of arterial
pressure in conscious rats eliminating the influ-
ence of anesthesia on cardiovascular regulation.

Procedure

Preparation of Cannulae

In order to prepare the cannulae, 7-cm- and
12-cm-long pieces are cut from PE-10 and
PE-20 tubings, respectively. A stylet wire is
inserted into the PE-10 tubing and the PE-20
tubing is also slipped over the stylet wire. The
ends of the tubings are heated in a current of hot
air and fused together. Ridges are made to anchor
the cannula in the animal’s tissue. In order to make
a ridge, the stylet wire is left inside the cannula
and the cannula is heated in a fine jet of hot air.
When the polyethylene at the point of heating
becomes soft, the cannula is pressed slightly and
thus a ridge is formed. One ridge is formed at the
PE-20 tubing, about 0.5 cm away from the junc-
tion with the PE-10 tubing, and 3 more ridges are
formed on the PE-20 tubing at a distance of about
1 cm from each other, first one being situated
about 3 cm away from the free end of the PE-20
tubing. The stylet wire is then removed from the
cannula, and the PE-10 portion of the cannula near
the junction with the PE-20 tubing is wound
around a glass rod with a diameter of 4 mm.
Two rounds are made. Then it is dipped in a
boiling water bath for about 5 s. When taken out
of the bath, the cannula retains its circles, forming
a spring-like structure.
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Implantation of Cannulae

Male Sprague—Dawley rats weighing about 300 g
are used. The rat is anesthetized with 45 mg/kg
pentobarbital i.p. The area of the neck and the
abdomen are shaved and cleaned with 70 % alco-
hol. The viscera are exposed through a midline
abdominal incision. A segment of the abdominal
aorta is exposed just above the bifurcation.
A trocar is passed through the psoas muscles
adjacent to this segment of the aorta, through the
muscles of the back and under the skin until it
emerges from the skin of the neck. Then the
cannula is inserted into the trocar and the trocar
is withdrawn from the body. The end of the can-
nula thus comes out from the neck, being
anchored by silk sutures to the neck skin and to
the psoas muscle. The cannula is filled with hep-
arin solution and the end which is projecting out
from the neck skin is blocked with a tight fitting
stainless steel needle. Then the other end of the
cannula is implanted into the aorta. The aorta is
wiped with a cotton-tipped applicator stick above
the bifurcation, occluded above this segment, and
punctured with a bent 27-gauge hypodermic nee-
dle. The tip of the PE-10 catheter is inserted
through the needle and advanced up the aorta.
The intestines are replaced and the wound
sutured. The rats are allowed to recover for
one week.

Measurement of Blood Pressure

The occluding stainless steel needle is removed
and the cannula flushed with diluted heparin solu-
tion. The rat is placed in a small cage to restrict its
movements, even so it is free to move. The can-
nula is connected to a Statham P23 DB pressure
transducer, and blood pressure is recorded on a
polygraph. Test drugs or standards are adminis-
tered either subcutaneously or orally. Recordings
are taken before and after administration of drug
over a period of 1 h.

Evaluation

Changes of blood pressure are measured for degree
and duration. Five rats are used for each dose and
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compound. The maximal changes of each group
are averaged and compared with the standard.

Critical Assessment of the Method

Direct measurement of arterial blood pressure in
unanesthetized rats originally introduced by
Weeks and Jones (1960) has become a valuable
and widely used tool in cardiovascular research.

Modifications of the Method

A detailed description of a slightly modified
Week’s method has been given by Stanton (1971).

Improvements of the method for continuous
direct recording of arterial blood pressure and
heart rate in rats have been described by Buiag
et al. (1971), Laffan et al. (1972), Buckingham
(1976), Garthoff and Towart (1981), and Garthoff
(1983). A detailed description of permanent can-
nulation of the iliolumbar artery was given by
Remie et al. (1990).

Wixson et al. (1987) described a technique for
chronic catheterization of the carotid artery in the
rat. Prepared cannulae are commercially available
(IRC Life Science, Woodland Hills, CA).

A newer modification uses the access to the aorta
via the common carotid artery (Linz et al. 1992).
Rats are prepared under thiopental anesthesia with
arterial PE-50 lines (Intramedic from Clay Adams,
USA). The lines are introduced into the ascending
aorta via the right carotid artery for direct measure-
ment of arterial blood pressure and into the jugular
vein for i.v. application of test compounds. Both
lines, filled with saline containing heparin, are sur-
faced on the neck. The animals are allowed to
recover for at least 2 days. Blood pressure is mon-
itored through Statham R P23DB transducers
connected to a recording device. During measure-
ments, the lines are kept open with countercurrent
saline infusion at a rate of 1 ml/h.

Bao et al. (1991) placed one catheter via the
right femoral artery in the abdominal aorta in rats
for recording mean arterial pressure and two addi-
tional catheters via the left carotid artery into the
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descending aorta for application of bradykinin
and bradykinin antagonists.

Arterial  pressure  was  recorded in
unanesthetized rats after induction of severe
hypertension by complete ligation of the aorta
between the origin of the renal arteries by Sweet
and Columbo (1979).

Hilditch et al. (1978) described a device
for the direct recording of blood pressure in
conscious dogs.

Akrawi and Wiedlund (1987) described a
method for chronic portal vein infusion in unre-
strained rats. Hepatic drug metabolism can be
studied by infusion into the portal vein and
blood collection from the femoral vein.

Robineau (1988) described a method for
recording electrocardiograms in conscious, unre-
strained rats. Electrodes were implanted subcuta-
neously and a socket connector was sutured on the
head of the animal. A flexible cord leading to a
swivel collector was linked to an ECG amplifier.

Kurowski et al. (1991) reported on an
improved method to implant, maintain, and pro-
tect arterial and venous catheters in conscious rats
for extended periods of time.

Schenk et al. (1992) measured cardiac left ven-
tricular pressure in conscious rats using a fluid-
filled catheter.

Tsui et al. (1991) recommended a reliable tech-
nique for chronic carotid arterial catheterization in
the rat.

Hagmiiller et al. (1992) described a tail-artery
cannulation method for the study of blood param-
eters in freely moving rats.

Liebmann et al. (1995) described an in vivo
long-term perfusion system which is based on
195 automated, computer-controlled high-fre-
quency heparin (10 U/ml) flushing of a cannula
inserted into the tail artery of freely moving rats.

Santajuliana et al. (1996) used conscious rats
instrumented with arterial and venous catheters to
assess neurogenic pressor activity after adminis-
tration of ganglionic blockers.

Rezek and Havlicek (1975) described simple
cannula systems for the infusion of experimental
substances in chronic, unrestrained animals.
A cannula with a removable cap is used for
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infusions into various parts of the digestive tract.
Intravenous infusions can be performed through a
closed system cannula which avoids a possible
introduction of air into the circulation.

Kimura et al. (1988) described a method for
chronic portal venous, aortic, and gastric cannu-
lation to determine portal venous and aortic glu-
cose and lactate levels in conscious rats.
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Cannulation Techniques in Rodents
Purpose and Rationale

Cardiovascular pharmacology requires special
techniques for catheterization and permanent can-
nulation of vessels. A few methods are described
below.

A comprehensive literature survey on methods
for vascular access and collection of body fluids
from the laboratory rat was written by Cocchetto
and Bjornsson (1983).
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Permanent Cannulation of the Jugular
Vein in Rats

Purpose and Rationale

Permanent cannulation of the jugular vein in
rats in combination with a head attachment
apparatus allowing easy connection of cannulae
was first introduced by Steffens (1969). Modifi-
cations were described by Brown and Hedge
(1972), by Nicolaidis et al. (1974), and by
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Dons and Havlik (1986). A detailed description
was given by Remie et al. (1990).

Procedure

Rats are anesthetized with N,0,/O,/halothane.
The shaven neck of the animal on the right side
is disinfected with chlorhexidine solution. The
incision is made just above the right clavicle.
Connective and adipose tissue are pushed aside
with blunt forceps and the jugular vein is
exposed. The external jugular vein is followed
and the division into the maxillary vein, the
facial, and the linguofacial vein identified. The
largest vein is chosen and mobilized for a dis-
tance of about 5 mm. Small artery forceps are
used to clamp the vessel. The vein is then ligated
rostral to the clamp with 6-0 silk, and a second
ligature is put loosely around the vessel, but not
tightened. Using iridectomy scissors, a V-shaped
hole is cut in the vein 2 mm rostral from the
bifurcation. Prior to its insertion into the vessel,
a sterile cannula is connected to a 1-ml syringe
filled with a heparinized saline solution. The
vessel is dilated by means of a sharp pointed
jeweler’s forceps, the cannula slit between the
legs of the forceps and gently pushed into the
vessel until the tip is at the level of the right
atrium. Then the forceps is removed, the caudal
ligature gently tied, and the rostral ligature used
to anchor the cannula to the vessel. The cannula
is tunneled to emerge at the top of the head.
While the skin in the neck is held firmly, the
artery forceps is inserted subcutaneously in cau-
dal direction over a distance of about 3 cm, then
turned anticlockwise in the direction of the inci-
sion in the neck. The cannula is grasped with the
forceps. Then the forceps is pulled back until the
cannula emerges at the crown of the head and
closed by a small microvascular clamp. The can-
nula is slid over the short end of a 20G stainless
steel needle bent to a 90° angle. The catheter is
flushed with saline and filled with polyethylene/
heparin solution. The long end of the L-shaped
stainless steel adapter is closed with a piece of
heat-sealed PE tubing, and the wounds are closed
with sutures.
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Hutchaleelaha et al. (1997) described a simple
apparatus for serial blood sampling from the
external jugular vein which permits simultaneous
measurement of locomotor activity in freely mov-
ing rats.
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Permanent Cannulation of the Renal
Vein in Rats

Purpose and Rationale

A detailed description for permanent cannulation

of the renal vein in rats was given by Remie
et al. (1990).
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Procedure

Rats are anesthetized with N,O,/O,/halothane.
After opening the abdominal wall, the intestines
are lifted out and laid next to the animal on the
right side (as viewed by the surgeon) on gauze
moistened with warm saline solution. This pro-
vides an excellent view to the vena cava. At its
confluence with the vena cava, the right renal
vein is stripped of its adipose tissue and the
peritoneum is opened. Using small anatomical
forceps, the peritoneum is detached from the
vena cava by making small spreading move-
ments with the forceps just beneath the perito-
neum. Subsequently, the vena cava and the renal
vein are mobilized for approximately 1.5 cm, to
allow for clamping of the vessel. A four or five
fine-stitch purse string is placed in the vessel at
the confluence of the vena cava and the right
renal vein. Using a Barraquer needle holder and
a cotton-wool stick, the 7-0 silk suture, armed
with a BV-1 needle, is guided through the vessel.
After each stitch, any bleeding has to be imme-
diately arrested by applying light pressure using
a cotton-wool stick. Having completed the
suture, a single knot is made with the draw-
strings. Three microvascular clips are then
placed on the vena cava and the renal vein: first
the proximal clip on the vena cava, followed
by the clip on the renal vein, and finally the
distal vena cava clip. A small aperture is cut
immediately inside the purse-string suture
using iridectomy scissors and jeweler’s forceps.
The cannula, which is filled with a heparinized
saline solution, is pushed into the opening as far
as possible. The purse-string suture is pulled taut
and the clip of the renal vein removed, while
pushing the cannula further. The proximal clip
on the vena cava is now removed as quickly as
possible. The patency of the cannula is checked
and the drawstrings of the purse-string suture are
used to anchor the cannula. The cannula is laid
kink-free in the abdominal cavity and sutured to
the internal abdominal cavity near the xiphoid
cartilage. The abdomen is closed in two layers
and the cannula tunneled to the top of the head.
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The cannula together with a L-shaped adapter is
fixed to the skull.
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Permanent Cannulation of the Portal
Vein in Rats

Purpose and Rationale

Several techniques have been described for
cannulation of the portal vein in rats (Hyun
et al. 1967; Pelzmann and Havemeyer 1971,
Suzuki et al. 1973; Sable-Amplis and Abadie
1975; Helman et al. 1984). A detailed descrip-
tion for permanent cannulation of the portal vein
in rats was given by Remie et al. (1990). After
additional application of platinum electrodes
around the portal vein in close proximity to the
catheter tip, this model can also be used to study
the presynaptic regulation of neurotransmitter
release from nonadrenergic nerve terminals
(Remie and Zaagsma 1986; Remie et al. 1988,
1989).

Procedure

Rats are anesthetized with N,0O,/O,/halothane.
After opening the abdominal wall, the intestines
are lifted out and laid next to the animal on
the right side (as viewed by the surgeon) on
gauze moistened with warm saline solution.
Using a microneedle holder and a cotton-
wool stick, a four or five fine-stitch purse-string
suture (7-0 silk suture armed with a BV-1 needle)
is placed in the wall of the portal vein at the side
opposite the gastroduodenal vein. The diameter
of the purse string should be about 1 mm. After
the suture has been completed, a single knot is
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made with the drawstrings. The portal vein
is clamped with a small curved hemostatic bull-
dog clamp. Using iridectomy scissors and a pair
of jeweler’s forceps, the center of the purse string
is cut; a cannula filled with heparinized saline
is inserted into the vessel and pushed upwards.
The purse string is gently tightened taking care not
to obstruct the cannula. The drawstrings of the
suture are used to anchor the cannula. The cannula
is laid kink-free in the abdominal cavity and
sutured to the internal abdominal cavity near the
xiphoid cartilage. The abdomen is closed in two
layers and the cannula tunneled to the top of the
head. The cannula together with a L-shaped
adapter is fixed to the skull.
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Permanent Cannulation
of the Thoracic Duct in Rats

Purpose and Rationale

Collection of lymph is rather difficult and has
performed mainly in dogs (Biedl and Offer
1907; Gryaznova 1962, 1963; Vogel 1963).
Some techniques have been described for the rat
(Bollman et al. 1948; Girardet 1975). Remie
et al. (1990) did not obstruct the duct by placing
a purse-string suture in the wall of the duct, by
which the cannula is secured. The animal’s lymph
can be collected during the experiment, and after
refilling the cannula, the lymph flow remains
undisturbed.

Procedure

Rats are anesthetized with N,O,/O/halothane.
After opening the abdominal cavity, the intestines
are placed in gauze moistened with warm saline
and laid to the left of the animal. The suprarenal
abdominal artery is located and mobilized by
gently tearing the connective tissue. Using blunt
dissection technique, the thoracic duct is mobilized
along the dorsolateral surface of the aorta. A small
three to four fine-stitch purse-string suture is placed
in the wall of the duct, using a 9—0 Ethilon suture.
A hole is cut inside the purse string with a very fine
pair of scissors, while holding the wall with angled
jeweler’s forceps. The cannula is filled with hepa-
rinized saline solution and is inserted into the duct
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using anatomical forceps. After the tip of the can-
nula has been inserted into the thoracic duct, the
curved forceps are removed and the total tip is
pushed into the duct. The ligature is then closed
and some lymph will flow into the cannula. The
cannula is secured within the abdominal cavity by
attaching it to the abdominal muscle near the
xiphoid cartilage with a 7-0 silk suture. Following
the closure of the abdominal wall and the tunneling
of the cannula to the crown of the head, an
L-shaped adapter is placed on the cannula, filled
with PVP solution and closed with a heat-sealed
polyethylene cap.
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Portacaval Anastomosis in Rats
Purpose and Rationale

In 1877 the Russian surgeon Eck reported the
achievement of successful portacaval shunts in

dogs. Lee and Fischer (1961), Funovics
et al. (1975), and de Boer et al. (1986) described
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portacaval shunt in the rat. A detailed description
of surgery for portacaval anastomosis in rats was
given by van Dongen et al. (1990).

Procedure

Rats are anesthetized with N>O,/O, in combina-
tion. After opening the abdominal wall, the intes-
tines are placed left to the animal on gauze
moistened with warm saline solution. Proximally
and distally to the animal’s right renal vein, the
vena cava is then stripped of its adipose and con-
nective tissue, and the retroperitoneal cavity is
opened. Using anatomical forceps, the perito-
neum is dissected from the vena cava by making
small spreading movements with the forceps just
above the vena cava. The portal vein is pulled
slightly to the left using straight anatomical for-
ceps and freed from the hepatic artery and the
gastroduodenal artery with curved anatomical for-
ceps. Rostral to the celiac artery, the abdominal
artery which is covered with peritoneum is freed
from its lateral muscle bed over a length of
approximately 5 mm providing enough space for
placing a small bulldog clamp at a later stage of
the operation. Without occlusion, a six fine-stitch
purse string is placed in the wall of the vena cava
close to its confluence with the right renal vein.
Using a Barraquer needle holder and a cotton-
wool stick, the 7-0 silk suture armed with a
BV-1 needle is guided through the vessel. After
each stitch, bleeding has to be arrested immedi-
ately, by applying light pressure on the area, again
using the cotton-wool stick. After the suture has
been completed, a single knot is made with the
drawstrings. The drawstrings should come
together at the rostral part of the purse string.
A bulldog clamp, modified to resemble a Satinsky
vascular clamp, is then placed on the vena cava.
Before clamping the abdominal aorta rostral to
the celiac artery with a small bulldog clamp, a
ligature (7-0 silk) is placed around the portal
vein as close as possible to the hilus of the liver.
Subsequently, the clamp is placed on the aorta and
the ligature tightened. A Heifetz clip is then
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placed transversely onto the portal vein at its
confluence with the gastroduodenal vein. The por-
tal vein is cut just distally from the ligature.
A prepared button is slipped over the left-hand
straight small anatomical forceps, while the right-
hand forceps are used to pass the portal vein to
the left-hand anatomical forceps. The vein is
then grasped and pulled through the button.
Subsequently, the button is pushed as close as
possible to the Heifetz clip and clamped to the
clip using a Pilling bulldog clamp.

Using small straight and curved anatomical
forceps, the portal vein is reversed around the
button and fixed with a previously prepared 7-0
silk suture. The Pilling bulldog clamp is then
removed and replaced at the end of the Satinsky
clamp for reasons of stability. The vena cava is
then somewhat elevated, bringing it into closer
contact with the portal vein button.

A longitudinal cut is made in the purse-string
suture using iridectomy scissors and jeweler’s
forceps. One drawstring of the suture is clamped
with a small hemostat and put under slight tension
in a rostral direction. The button manipulated by
its grip is pushed into the vena cava. The purse
string is tightened with the left hand while the
right hand still holds the button in position. The
button is released and two additional knots tied.
The Satinsky clamp is removed first followed by
the Heifetz clamp and the bulldog clamp on the
aorta. After replacing the intestines, the abdomi-
nal wall is closed in two layers.
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Cardiovascular Analysis
in Anesthetized Mice

Purpose and Rationale

To fully utilize the potential of mouse models with
specific gene mutations, it is necessary to study the
functional consequences of genetic manipulations
in fully intact mice. Lorenz and Robbins (1997)
developed and validated a methodology to study
cardiovascular parameters in closed-chest mice.

Procedure

Adult mice of either sex weighing 25-35 g are
anesthetized by intraperitoneal injection of
50 mg/kg ketamine and 100 mg/kg thiobuta-
barbital. After the mice are placed on a thermally
controlled surgical table with body temperature
continually monitored via a rectal probe, a trache-
otomy is performed with a short length (<1 cm) of
PE-90 tubing. The right femoral artery is then
cannulated with polyethylene tubing which is
pulled over a flame to a small diameter
(~0.4 mm OD). The catheter is advanced ~1 cm,
near the level of the aorta, and connected directly
to a low-compliance COBE CDXIII fixed-dome
pressure transducer for the measurement of arte-
rial blood pressure. The right femoral vein is then
cannulated with the same type of small-diameter
tubing and connected to a microinjection pump
for the infusion of experimental drugs. To assess
myocardial performance, the right carotid artery is
cannulated with a 2 F Millar MIKROTIP trans-
ducer (Model SPR-407, Millar Instruments,
Houston TX). This high-fidelity transducer,
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which has a tip diameter of ~0.67 mm, has a
reported frequency response that is flat up to
10,000 Hz and therefore can be used to accurately
monitor the high frequency of the mouse ventric-
ular pulse pressure. During continual monitoring
of the blood pressure wave to ascertain the
anatomic position of the catheter, the tip of
the transducer is carefully advanced through the
ascending aorta and into the left ventricle.
When the stable waveform of the ventricular
pressure profile is achieved, the transducer is
anchored in place with 7-0 silk sutures. After
completion of the surgery, all wounds are closed
with cyanoacrylate to minimize evaporative loss
of fluid, and the animals are allowed to stabilize
for 30—45 min.

Evaluation

Blood pressure signals from the COBE transducer
and from the Millar transducer are amplified, and
the output is recorded and analyzed with a
MacLab 4/s data-acquisition system connected
to a Macintosh 7100/80 computer which allows
the calculation of the following parameters:

dP/dt first derivative of the ventricular pressure
wave

MAP mean arterial pressure

HR heart rate

LVP systolic and diastolic left ventricular pressure

LVEDP left ventricular end-diastolic pressure

Further indices of ventricular performance can
be calculated from dP/dr.

Modifications of the Method

Champion et al. (2000) described a right-heart
catheterization technique for in vivo measure-
ment of vascular responses in lungs of intact mice.
CD1 mice weighing 25-38 g were anesthetized
with thiopentobarbital (85-95 mg/kg i.p.) and
ketamine (3 mg/kg i.p.) and were strapped in
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supine position to a thermoregulated fluoroscopic
table. The trachea was cannulated and the animals
breathed with room air enriched with 95 % O,/5 %
CO,. A femoral artery was cannulated for the
measurement of systemic arterial pressure. Heart
rate was electronically monitored from the sys-
tolic pressure pulses with a tachometer (Grass
model 7P44A). The left jugular vein was cannu-
lated for the administration of agonists and
antagonists.

For measuring pulmonary arterial pressure, a
special single lumen catheter was constructed.
The catheter was 145 mm in length and 0.25 mm
in outer diameter, with a specially curved tip to
facilitate passage through the right heart, main
pulmonary artery, and the left or right pulmonary
artery. Before the catheter was introduced, the cath-
eter curve was initially straightened with a 0.010-
in. straight angioplastic guide wire to facilitate
passage from the right jugular vein into the right
atrium at the tricuspid valve under fluoroscopic
guidance. As the straight wire was removed, the
natural curve facilitated entry of the catheter into
the right ventricle. A 0.010-in. soft-tip coronary
artery guide wire was then inserted, and the cathe-
ter was passed over the guide wire into the main
pulmonary artery under fluoroscopic guidance.
Pressure in the main pulmonary artery was mea-
sured with a pressure transducer, and mean pulmo-
nary artery pressure was derived electronically and
recorded continuously.

Cardiac output was measured by the
thermodilution technique. A known volume
(20 pl plus catheter dead space) of 0.9 % NaCl
solution at 23 °C was injected into the right
atrium, and changes in blood temperature were
measured at the root of the aorta. A cardiac output
computer equipped with a small animal interface
was used. The thermistor microprobe was inserted
into the right carotid artery and advanced to the
aortic arch, where changes in aortic blood temper-
ature were measured. A catheter placed in the
right jugular vein was advanced to the right atrium
or main pulmonary artery for rapid bolus injection
of saline. The saline solution was injected with a
constant-rate syringe to ensure rapid and
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repeatable injection of the saline indicator solu-
tion. Thermodilution curves were recorded on a
chart recorder and pulmonary and systemic blood
pressure monitored continuously. Catheter place-
ment was verified by postmortem examination.
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Blood Pressure in Anesthetized Cats
Purpose and Rationale

Cats are the most sensitive species of cardiovas-
cular regulation. They were used extensively for
cardiovascular screening. Recently, experiments
in dogs are preferred since this species can be
bred more easily in homogeneous strains.

Procedure

Adult cats of either sex weighing 2.5-4 kg are
anesthetized by intraperitoneal injection of
35 mg/kg sodium pentobarbital. Tracheotomy is
performed and a tracheal cannula is inserted so
that the cat can be mechanically ventilated with
room air. A femoral artery and two femoral veins
are cannulated for measurement of arterial blood
pressure and systemic administration of drugs.
The arterial cannula is connected to a Statham
model P23Gb transducer. All recordings are
made on a polygraph. Heart rate is determined
with a Beckman Cardiotach connected to a
voltage/pressure-pulse coupler. Rectal tempera-
ture is monitored and maintained between 37 °C
and 38 °C with a heating pad.
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The following drugs are injected iv. as
challenges:

» Epinephrine 0.1, 0.3, 0.5 pg/kg

* Norepinephrine 0.1, 0.3, 0.5 pg/kg
+ Isoproterenol 0.1, 0.2, 0.4 pg/kg

+ Carbachol 0.1, 0.2, 0.5 pg/kg

At least 5 min are allowed between challenge
doses to permit the measured parameters to return
to baseline.

Test drugs are injected at various doses
followed by injections of the challenging drugs.

Evaluation

Dose—response curves of challenging drugs are
established before and after injections of the test
drugs.

Critical Assessment of the Method

Blood pressure experiments in anesthetized cats
are very valuable as screening techniques for car-
diovascular agents. Moreover, potentiation of nor-
epinephrine response has been used as screening
procedure for antidepressants with norepineph-
rine uptake inhibiting activity.

Modifications of the Method

Sander (1965) investigated the vasoconstrictor
and vasodilator effects of procaine in spinal cats.
The animals were anesthetized with ether and
ventilated with a positive pressure pump via a
tracheal cannula. The spinal cord was then cut
between the second and third vertebrae, and
ether administration stopped. The remaining por-
tion of the spinal cord above the transection was
destroyed by passing a curette through the spinal
canal.

Yardley et al. (1989) studied cardiovascular
parameters in spinal cats. The animals were
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anesthetized with 80 mg/kg intravenously admin-
istered a-chloralose. The spinal cord was
transected or crushed at the first cervical segment
after tetracaine hydrochloride (0.125 mg in 0.1
ml) had been injected into this region of the
cord. Systemic blood pressure was supported at
a level sufficient to maintain constricted pupils
(mean value 45 £+ 5 mmHg) by volume expansion
with blood from a donor (10—20 ml) or an infusion
of dextran.
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Cardiovascular Drug Challenging
Experiments in Anesthetized Dogs

Purpose and Rationale

Sympathomimetic and cholinomimetic com-
pounds as well as angiotensin II and carotid occlu-
sion exert characteristic responses in blood
pressure of anesthetized dogs. Antagonism or
potentiation of these responses allows to character-
ize the cardiovascular activity of a new compound.

Procedure

Adult Beagle dogs of either sex weighing between
8 and 15 kg are anesthetized with 15 mg/kg
sodium thiopental, 200 mg/kg sodium barbital,
and 75 mg/kg sodium pentobarbital. Additional
doses of sodium pentobarbital are given as
needed. The dogs are intubated with a cuffed
endotracheal tube and placed on a Harvard respi-
rator (20 ml/kg, 10-15 cycles/min). A femoral
vein and artery are cannulated using polyethylene
tubing for drug administration and determination
of arterial blood pressure, respectively. The ani-
mals are bilaterally vagotomized.

The arterial cannula is connected to a Statham
model P23Gb transducer. All recordings are made
on a polygraph. Heart rate is determined with a
Beckman Cardiotach connected to a voltage/pres-
sure-pulse coupler.

Drug challenges: One of the following combi-
nations of drugs is administered i.v. to the dogs.
The challenges are given in a fixed order: at least
twice prior to test-drug administration to insure
consistent responses and again starting 15 min
posttest drug. Epinephrine and norepinephrine
(1 pg/kg), isoproterenol (0.25 pg/kg), carbachol
(0.25 pg/kg), tyramine (100 pg/kg), bilateral
carotid occlusion (45 s), phenylephrine (10 pg/
kg), isoproterenol (0.25 pg/kg), angiotensin II
(0.2 pg/kg), and carbachol (0.25 pg/kg). At least
5 min are allowed between challenge doses to
permit the measured parameters to return to
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baseline. Challenge drug doses are sometimes
varied to keep the mean arterial pressure within
the following limits: epinephrine (+30 to +60
mmHg), norepinephrine (—30 to +70 mmHg),
tyramine (+30 to +70 mmHg), isoproterenol
(=30 to —50 mmHg), carbachol (—30 to —50
mmHg), phenylephrine (—30 to +70 mmHg),
angiotensin II (+30 to +50 mmHg), and bilateral
carotid occlusion (+30 to +70 mmHg).

Evaluation

The recordings are studied to detect any
changes in the arterial pressure response to the
challenge drug before and after test-drug admin-
istration and to observe any changes in blood
pressure and heart rate. Results are expressed
as the percentage change from the predrug
response.
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Hemodynamic Analysis
in Anesthetized Dogs

Purpose and Rationale
The hemodynamic effects of compounds sup-

posed to affect the cardiovascular system are
evaluated by measuring preload and afterload
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of the heart, contractility, heart rate, cardiac
output, and peripheral or coronary flow. To mea-
sure these cardiovascular parameters accurately,
the use of larger animals such as dogs or pigs is
necessary.

This experimental model allows the classifica-
tion of test drugs according to their action as
having:

* Positive inotropic effects

« Negative inotropic effects (Ca®'-antagonist,
antiarrhythmic?)

* Hypertensive effects

* Hypotensive effects

» Coronary-dilating effects

» p-Blocking effects

* a-Blocking effects

* Antianginal effects

* Peripheral vasodilating effects

Procedure
Male or female inbred Beagle or
Labrador-Harrier dogs weighing between

15 and 25 kg are used. They are anesthetized
with a bolus injection of 35-40 mg/kg pentobar-
bital and continued with an infusion of
4-6 mg/kg/h. A catheter is placed into the
cephalic vein for intravenous injections. Another
catheter is placed into the duodenum for enteral
administration. Respiration is maintained with
room air through a tracheal tube using a positive
pressure respirator, e.g., Bird Mark 7 respirator.
Blood gas analyses are performed at regular time
intervals. Oxygen is supplied via the respirator
as needed.

Preparation for Hemodynamic
Measurements
Blood pressure is recorded through a cannula
inserted into the left femoral artery and connected
to a Statham pressure transducer (Statham P23 DB).
For determination of LVP, a Millar microtip
catheter (type PC 350) is inserted via the left
common carotid artery into the left ventricle.
LVEDP is measured on a high-sensitivity scale.
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From the pressure curve, dp/dz.,., is differentiated
and heart rate is counted. The LVP signal also
triggers a cardiotachometer.

Cardiac output, pulmonary artery pressure
(PAP), and stroke volume are measured by a
thermodilution technique using a cardiac output
computer (Gould/Statham SP 1245) and a
balloon-tip triple-lumen catheter (Gould SP
5105, 5F) with the thermistor positioned in the
pulmonary artery via the jugular vein.

Myocardial oxygen consumption (MVO5,) is
calculated as pressure-work index according to
Rooke and Feigl (1982).

Femoral blood flow and coronary flow are mea-
sured with electromagnetic flow probes attached to
the femoral artery and the circumflex branch of the
left coronary artery (LCX), respectively.

Experimental Course
When stable hemodynamic conditions and blood
gas values of pO, > 100 mmHg and pCO, <
35 mmHg are achieved for at least 20 min (control
values), the test substance is administered through
a catheter inserted into a cephalic vein in doses of
0.1, 0.3, 1.0, and 3.0 mg/kg or into the duodenum
in doses 0f 0.3, 1.0, 3.0, and 10.0 mg/kg.

All parameters are recorded continuously dur-
ing the whole experiment.

Characteristics

* Blood pressure
— Systolic, BPs
— Diastolic, BPd
* Left ventricular pressure, LVP
* Left ventricular end-diastolic pressure, LVEDP
* Maximal rate of pressure rise, dp/d¢ max
¢ Heart rate, HR
 Peripheral blood flow in A. femoralis, PF
+ Blood pressure in A. pulmonalis, PAP
* Coronary flow, CF
* Cardiac output, CO
¢ Stroke volume, SV
» Total peripheral resistance, TPR
e Left ventricular stroke work, LVSW
e Left ventricular minute work, LVMW
+ Left ventricular myocardial oxygen consump-
tiOIl, MV02
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Calculation of Results and Evaluation

Besides the different directly measured hemody-
namic parameters, the following data are calcu-
lated according to the respective formulae:

» Stroke volume [ml/beat],

co

V=R

« Total peripheral resistance [dyns/cm’],

BPm
TPR =22 799
co

» Left ventricle stroke work [J/beat],
LVSW = (BPm — LVEDP) x SV x 0.333 x 107
+ Left ventricular minute work [J/min],

LVMW = LVSW x HR

* Left ventricular myocardial oxygen consump-
tion [ml O,/min/100 g],

MV02 :Kl(BPS XHR) —|—K2

(0.8BPs + 0.2BPd) x HR + SV
X BW +

1.43

K, =4.08 x 1074

K, =3.25.08 x 107*

BPs = gystolic blood pressure [mmHg]

BPd = diastolic blood pressure [mmHg]

BPm = mean blood pressure [mmHg]

HR = heart rate [beats/min]

CO = cardiac output [ml/min]

SV = stroke volume [ml/beat]

LVEDP = left ventricular end-diastolic pressure
[mmHg]

BW = body weight [kg]

Changes in parameters measured after drug
administration are compared to control values
obtained during the 20-min predrug period.
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Results are presented as mean += SEM with n > 3.
Statistical significance is assessed by means of
the paired #-test.

Modifications of the Method

The effect of drugs on the carotid artery occlusion
effect can be studied in anesthetized dogs. The
occlusion of right and left common carotid arteries
is performed by squeezing them between a poly-
ethylene tubing and a twine which is passed inside
the tubing and around the carotid artery. An occlu-
sion of the carotid arteries for 30 s causes an
increase of systolic blood pressure by 40-50
mmHg. Inhibition of this effect by drugs is tested.

Studies in anesthetized dogs can be used to
determine the influence of cardiotonic drugs on
propranolol-induced  cardiac  insufficiency
(Rajagopalan et al. 1993).

Instead of dogs, pigs (German landrace)
weighing between 20 and 35 kg can be used. They
are pretreated with ketamine 500 mg/5 ml im.,
metomidate hydrochloride 200 mg/4 ml i.p., and
xylazine 60 mg/3 ml i.m. and anesthetized with
15-20 mg/kg sodium pentobarbital, followed by
continuous infusion of 12 mg/kg/h. The parameters
are evaluated similarly to the experiments in dogs.

Measurement of cardiac output by the
thermodilution method in rats was described by
Richardson et al. (1962) and Miiller and
Mannesmann (1981).

Thermodilution methods were used by Rosas
et al. (1964) in anesthetized rats and by Carbonell
et al. (1985) and by Salyers et al. (1988) in con-
scious rats to determine hemodynamic parameters.

Oxygen pressure, carbon dioxide pressure, and
pH in coronary venous and common carotid arte-
rial blood of anesthetized dogs have been
measured using a blood gas analyzer (Aisaka
et al. 1988).

Acute ischemic left ventricular failure can
be induced in anesthetized dogs by repeated
injections of plastic microspheres into the left
coronary artery (Smiseth and Mjes 1982;
Sweet et al. 1984; Scholkens et al. 1986).
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A coronary catheter was introduced through
the right femoral artery and advanced under
fluoroscopy to the left coronary ostium, guided
by injection of small amounts of contrast
medium. After reaching baseline values, acute
left ventricular failure was induced by
subsequent intracoronary injections of plastic
microspheres (52.9- &+ 2.48-pm nonradioactive
tracer microspheres). The microspheres were
suspended in saline with a drop of Tween
80 and sonified before use, 1 mg microspheres/
1 ml saline corresponding to approximately
12,000 microspheres (13-16 injections of
microspheres or 3.4-5.0 mg/kg). Microspheres
were injected every 5 min for 70-90 min.
Each microsphere injection effected an
immediate and stepwise increase in LVEDP.
With this procedure, LVEDP can be increased
to a desired level in a very controlled manner.
In the 30 min following embolization, LVEDP
continued to increase by approximately
5 mmHg. Animal with arrhythmias had to be
excluded from the study. Thirty min after the
end of embolization, when hemodynamic
parameters had stabilized, drug administrations
were started.

Valdes-Cruz et al. (1984) developed an open-
chest preparation in dogs to validate the accuracy
of a two-dimensional Doppler echocardiographic
method for estimating pressure drops across
discrete stenotic obstructions.

In order to assess the potential of a single-
breath technique (using Freon 22) as an effective
way to estimate cardiac output noninvasively,
Franks et al. (1990) measured simultaneously
with the single-breath technique the aortic flow
using an electromagnetic flowmeter in anesthe-
tized dogs.
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Hemodynamic Measurements in
Conscious Dogs

Purpose and Rationale

The potency of a cardiovascular drug depends
on the direct effects at the cellular level and on
the response of the cardiovascular control mecha-
nisms. The latter are often markedly influenced by
anesthesia. The chronically instrumented con-
scious dog with renal hypertension is therefore a
more realistic test model to evaluate the effects of
antihypertensive, antianginal, and cardiotonic
compounds. The test is used to evaluate hemody-
namic drug effects in conscious dogs, an experi-
mental model with chronic arterial and ventricular
catheterization and renal artery constriction.
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Procedure

Male or female Labrador—Harrier dogs weighing
15-25 kg are used. They are anesthetized with
1 mg/kg xylazine im., followed by 1 mg/kg
xylazine i.v. and 18 mg/kg sodium pentobarbital
1.v. For chronic instrumentation and induction of
renal hypertension, fluid-filled catheters are
implanted into the abdominal aorta and into the
left ventricle. The catheters are tunneled subcuta-
neously and exteriorized on the nape of the neck
dorsally. Renal hypertension is induced by plac-
ing silastic constrictors around both renal arteries.
Hemodynamic measurements are performed after
a two-week recovery period or later.

To familiarize the dogs to the test surroundings,
they are brought into the laboratory two to three
times before the start of the study. Thus, drug test-
ing is possible without sedation. During the exper-
iment, the animal rests quietly on a laboratory table.

Experimental Protocol

Hemodynamic measurements are performed by
connecting the two implanted catheters to
Statham pressure transducers. Pressure signals,
electronically differentiated LVP dp/df max and
heart rate are recorded with a polygraph.

After reaching stable hemodynamic conditions
for at least 20 min (control baseline values), the
test compound is administered either orally in a
gelatin capsule or by intravenous injection into the
cephalic vein.

Hemodynamic parameters are recorded contin-
uously starting 30 min before to 120 min after
drug administration and thereafter at 1-h intervals
until 6 h after dosage.

Evaluation
The following parameters are monitored:

+ Systolic blood pressure [mmHg]

* Diastolic blood pressure [mmHg]

* Left ventricular end-diastolic blood pressure,
LVEDP [mmHg]

+ Left ventricular pressure at dp/df max [mmHg/s]

+ Heart rate [beats/min]



68

Mean values += SEM are calculated with
n > 3 as differences to predrug control values.

Modifications of the Method

Mann et al. (1987) described a simple procedure
for direct blood pressure measurement in con-
scious dogs using the Vascular Access Port™,
consisting of a 33 x 13-mm reservoir body
affixed to a silicone rubber catheter.

Miiller-Schweinitzer (1984) described a
method for the assessment of vasoconstrictor
agents by recording venous compliance in the
conscious dog. Changes in the diameter of the
canine saphenous vein, produced by inflation to
45 mmHg of a sphygmomanometer cuff placed on
the upper hind leg, were recorded.

Hintze and Vatner (1983) compared the effects
of nifedipine and nitroglycerin in conscious dogs,
instrumented for instantaneous and continuous
measurements of coronary arterial and left ven-
tricular diameters with an ultrasonic dimension
gauge, arterial and left ventricular pressure with
implanted miniature gauges, and coronary blood
flow with an electromagnetic flowmeter or a
Doppler ultrasonic flowmeter.

Shimshak et al. (1986) studied the recovery of
regional myocardial contractile function after a
10-min coronary artery occlusion in chronically
instrumented conscious dogs.

Wright et al. (1987) described a minimally
invasive technique which allows assessment of
histamine H,-receptor antagonist activity in con-
scious dogs based on the inhibition of tachycardia
caused by intravenous administration of the
H;-receptor agonist, 2-pyridylethylamine.

Hashimoto et al. (1991) studied the coronary
effects of nicorandil in comparison with nitroglyc-
erin in chronic conscious dogs instrumented with
ultrasonic crystals and electromagnetic flowme-
ters in the circumflex coronary artery.

Hartman and Warltier (1990) described a model
of multivessel coronary artery disease using con-
scious, chronically instrumented dogs. A hydraulic
occluder and an ameroid constrictor were
implanted around the left anterior descending and
the left circumflex coronary arteries. Pairs of
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piezoelectric crystals were implanted within the
subendocardium of the left anterior descending
and the left circumflex coronary artery perfusion
territories to measure regional contractile function.
A catheter was placed in the left atrial appendage
for injection of radioactive microspheres to mea-
sure regional myocardial perfusion.

Hof et al. (1990) used the Doppler method for
measuring cardiac output in conscious rabbits.

Grohs et al. (1993) simultaneously assessed
cardiac output with pulsed Doppler and electro-
magnetic flowmeters during cardiac stimulation.
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Hemodynamic Studies in Monkeys
Purpose and Rationale

Prior to studies in human beings, studies of car-
diovascular effects of new drugs in monkeys are
necessary in some instances.

Procedure

Rhesus monkeys of either sex weighing between
5 and 8 kg are anesthetized with 20 mg/kg ketamine
hydrochloride followed by 50 mg/kg pentobarbital-
Na given slowly i.v. A small side branch of the
femoral or radial artery is surgically exposed and
cannulated for blood pressure recordings using a
blood pressure transducer (P23 ID). Heart rate is
determined from a conventional ECG lead by a
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biotachometer. Compounds are administered either
intravenously or via a gastric fiberscope, e.g.,
Olympus XP 10, into the duodenum under visual
control. The cardiovascular parameters are regis-
tered for a pretest period of 30 min and then during
60 min after intravenous administration or 2 h after
intragastric administration of the test drug. Three to
six animals are used for evaluation.

Evaluation

Mean values & SD are calculated for the pretest
period and for the cardiovascular effects every
min for 5 min after i.v. administration and then
every 5 min. After intragastric administration, the
values are registered every 5 min up to 30 min and
then every 10 min. The values after administration
of the test compound are compared statistically
with the pretest values using the Student’s #test.

Modifications of the Method

Lacour et al. (1993) studied cardiovascular param-
eters in conscious cynomolgus monkeys (Macaca
fascicularis). A silicone catheter (internal and exter-
nal diameter 0.64 and 1.19 mm, respectively) was
implanted under aseptic conditions into the thoracic
aorta via a carotid artery after the monkeys had been
anesthetized with 40 mg/kg ketamine and 0.5
mg/kg acepromazine intramuscularly. The vascular
catheter (filled with an aqueous solution of 40 %
polyvinylpyrrolidone and 20 % heparin) was
inserted into a carotid artery. A patch of silicone
was sewn around the artery to maintain the catheter
in position, the latter being routed subcutaneously
and exteriorized at the top of the head into a stainless
steel connector. This connector was fixed to the
skull with screws and dental cement and sealed
with a plug to protect the catheter from damage.
The monkeys were permitted a 3-week minimum
recovery period. Before the experiment was
performed, the monkeys were placed in a primate-
restraining chair on several occasions, of gradually
increasing duration, for experiment acclimatization.

Pulsatile arterial pressure was recorded by
connecting the arterial catheter to a polygraph
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via a Statham P23 ID pressure transducer. Mean
arterial pressure and heart rate were derived from
the pulse pressure signal and recorded. A catheter
was inserted acutely into a saphenous vein for
administration of compounds.
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Measurement of Cardiac Output and
Regional Blood Flow with
Microspheres

Purpose and Rationale

The microsphere technique allows the measure-
ment of cardiac output and regional blood flow.
Using different radionuclides, repeated determina-
tions are possible. The method is applicable not
only for dogs, cats, and minipigs (Hof et al. 1980)
but also for rats (McDevitt and Nies 1976;
Bonnacrossi et al. 1978; Ishise et al. 1980; Stanek
et al. 1985) using microspheres of appropriate size.

Procedure

Male Sprague—Dawley rats weighing 265-375 g are
anesthetized with 35 mg/kg i.p. pentobarbital. The
right carotid and right femoral arteries are cannu-
lated. Using pressure monitoring, a carotid cannula
is manipulated into the left ventricle. Carbonized
microspheres (15 £ 5 p diameter) labeled with
83Sr are drawn into a glass injection chamber and
suspended in 0.3 ml 6 % dextran so that each
chamber contains 60,000-80,000 microspheres.
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The radioactivity in each chamber is determined
by gamma scintillation counting before and after
microsphere injection, the difference being the
amount of radioactivity injected. The microspheres
are injected into the left ventricle in a total volume of
0.8 ml 6 % dextran over 20 s. Simultaneously, arte-
rial blood from the femoral artery is withdrawn at
0.8 ml/min for 90 s with a syringe withdrawal pump.

Evaluation

This reference blood sample is used to calculate
the cardiac output by the formula:

Cardiac output = counts injected
reference sample withdrawal rate

reference sample counts

After obtaining the reference sample, the animals
are sacrificed with pentobarbital and the organs
dissected, placed in counting vials, and counted
for 5 min. Regional distribution of the cardiac
output is calculated by comparing the radioactiv-
ity in each organ with the total injected radioac-
tivity. Organ flow is determined by multiplying
the cardiac output by the fractional distribution of
the cardiac output to the organ.

Critical Assessment of the Method

Problems associated with the microsphere tech-
nique in rats are the hemodynamic effects of the
solutions used to inject the microspheres and the
effects of blood withdrawal after repeated deter-
minations (Stanek et al. 1985).

Modifications of the Method

For repeated determinations, other nuclides have
been used, such as **Sc, >'Cr, '*'Ce, and '*°I (Hof
et al. 1980).

Kovach et al. (1992) used up to five
radiolabeled microspheres (57C0, ”3Sn, 85 Sr,
95Nb, and *°Sc) for measurement of regional cere-
bral blood flow in cats.
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Faraci and Heistad (1992) measured blood
flow with radioactive microspheres (15 p diame-
ter) labeled with 46g¢, Nb, '3Gd, %°Sr, and
*1Ce in anesthetized rabbits.

Grover et al. (1990) and Gross et al. (1992)
measured myocardial blood flow in dogs with the
radioactive microsphere technique.

Kowallik et al. (1991) measured regional myo-
cardial blood flow with multiple colored micro-
spheres. The method yielded values very similar
to those obtained with radioactive microspheres.
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Carotid Artery Loop Technique
Purpose and Rationale

The carotid loop method, originally described by
van Leersum (1911) for rabbits, has been used by
several authors (e.g., Child and Glenn 1938; Valli
et al. 1967; O’Brien et al. 1971; Meyer
etal. 1989a, b) for measurement of blood pressure
or blood sampling in conscious dogs and sheep
(Lagutchik et al. 1992).

Procedure

Male or female inbred Beagle or
Labrador—Harrier dogs weighing between 15 and
25 kg are used. They are anesthetized with a bolus
injection of 35-40 mg/kg pentobarbital and
continued with an infusion of 4-6 mg/kg/h.
The animal is placed on a heated operating table.
The skin on the ventral side of the neck is care-
fully shaved and disinfected. The course of the
carotid artery is outlined by palpation along
the tracheal border. About 2 cm of skin is taken
on each side marking the width of the flap.
The medial incision is made slightly above the
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thyroid cartilage and is extended caudal to a point
about 1 cm lateral and 1 cm above the manubrium
sterni. The lateral incision again lies about 2 cm
from the line of the carotid artery and parallel to
it. The lateral incision is only half as long as the
medial one. The incisions are made down to the
subcutaneous tissue over the platysma muscle.
Between the skin and the muscle, the flap is
undermined. All bleeding points are carefully
clamped and tied.

The subcutaneous tissue, the platysma myoides
muscle, and the anterior fascia of the neck are
incised in the course of the midline incision down
to the plane of cleavage between the sternohyoid
and sternomastoid muscles. By blunt dissection,
these muscles are separated, disclosing at their
depth the neurovascular bundle over which lies
the internal jugular vein. The floor of the space so
isolated is formed by the longus capitis muscle. By
careful dissection, these muscles are separated at
least 1 cm above and below the limits of the inci-
sion in the skin. The superior thyroid artery marks
the uppermost portion of the carotid artery suitable
for exteriorization. The plane of cleavage is
followed caudal to the origin of the sternoclei-
domastoid muscle at the manubrium sterni.
Throughout the limits of the incision, the artery is
dissected free from the internal jugular vein and
then from the vagus nerve.

The first step in the exteriorization of the artery
is the reapproximation of the muscle borders
beneath the vessel by mattress sutures. In order
to prevent tension on the completed loop due to
contraction of the sternomastoid and sternohyoid
muscles, it is important to reapproximate these
muscles throughout their course. Sutures are
placed at the edges of skin. The tubular flap of
skin is then approximated loosely around the
car