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Preface

The new era of synthetic polymer chemistry opened by Wal-
ter Reppe in the 1930s led to the synthesis of polyvinyl-
pyrrolidone (PVP), which was patented in 1939. The physi-
cal, chemical, and physiological properties of this synthetic
polymer are the keys to its very widespread use in medicine,
pharmaceuticals, cosmetics, foods, printing inks, textiles,
and many more diverse applications.

In recent years, the general interest in reassessing the
safety of chemicals used in foods, drugs, and cosmetics has
led to the réévaluation and reaffirmation of the safety of PVP
by the Joint Expert Committee on Food Additives (JECFA) of
the World Health Organization (WHO). Along with others,
the authors of this book became involved in collecting and
reassessing the information, published and unpublished, on
the absorption, distribution, storage, and excretion of PVP
and in its toxicological evaluation. As 1989 is the 50th anni-
versary of the invention of PVP, it seemed appropriate to
assemble at this time both the published and the unpub-
lished data that have accumulated over the last 50 years, to
critically review it, and to assess the safety of PVP as judged
by present-day criteria.

In performing this task, extensive literature reviews were
carried out, covering the period from 1939 to 1989. The most
recent toxicological investigations have been carried out by
the two major world manufacturers of PVP, BASF Aktienge-
sellschaft in Ludwigshafen, Federal Republic of Germany,
and GAF Chemicals Corporation in Wayne, New Jersey,
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USA, for submission to regulatory authorities and to WHO.
Most of this work is unpublished. We have been fortunate in
being given access to all of these data and so are able to
publish for the first time critiques of much of this invaluable
material. The very earliest use of PVP in medicine was dur-
ing World War 1l when a 3.5% solution of PVP was infused
into patients as a synthetic blood plasma volume expander.
This use recognized such valuable properties of PVP as
water solubility, viscosity, and osmotic activity and demon-
strated that the material appeared to be biologically inert and
safe. The toxicity of PVP, extensively studied in a variety of
species including humans and other primates, is of
extremely low order.

In Chapters 1 and 2 the reader is introduced to PVP, its
uses, and its synthesis and properties. We have been
assisted in the preparation of this material by both BASF and
GAF, who supplied the details of the determination of the
K-values of the different PVP polymers and the molecular
weight distributions of representative batches of these
polymers.

Chapter 3 is a discussion of movement of large molecules
across membranes and forms a basis for Chapter 4, which
discusses the absorption of PVP following various routes of
administration. The excretion and metabolism of PVP are
reviewed in Chapter 5, followed by a discussion on the dis-
tribution and storage of the material in Chapter 6. Chapter 7
reviews the storage of PVP in humans.

Chapter 8 presents a review of the functional conse-
quences of PVP uptake, with particular emphasis on the reti-
culoendothelial and immune systems. Chapter 9 is a broad
review of the toxicological studies performed on PVP, includ-
ing acute, subchronic, chronic, reproductive, mutagenicity,
and carcinogenicity studies. Each chapter ends with a sum-
mary of the main findings. In addition, there is a final, over-
all summary and conclusions.

We have also prepared an Appendix, listing the key stud-
ies, with references, on the absorption, renal elimination,
distribution, acute toxicity, subchronic toxicity, chronic toxic-
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ity, teratogenicity, mutagenicity, and carcinogenicity of PVP.
The Appendix summarizes in list form the major toxico-
kinetic and toxicological studies that have been conducted
on PVP, giving the species used, the experimental methods
employed, the molecular weight of PVP or its K-value, the
observations made, and the source of the information.
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Introduction

Polyvinylpyrrolidone (PVP, povidone) is the generic name
for the water-soluble homopolymer of N-vinyl-2-pyrrolidone
(NVP), and in this review it will be referred to simply as PVP.
Polyvinylpolypyrrolidone (PVPP, crospovidone) is the
generic name of the cross-linked insoluble homopolymer of
NVP.

First developed in Germany at 1.G. Farben by Professor
Walter Reppe and his colleagues during the 1930s, PVP was
subsequently widely used as a blood-plasma substitute and
extender during World War II. It has the advantages of being
nonantigenic, requiring no cross-matching and avoiding the
dangers of infectious diseases inherent in blood. In later
years, it has been superseded by other materials. However,
the issue concerrung the effectiveness of 3.5% PVP (K-30) in
an isotonic saline solution for parenteral administration was
part of the U.S. Drug Efficacy Study Implementation (DESI)
review program, and was reported to be effective for the
correction of low blood volume in the treatment of shock
{Fed. Reg., 1971).

PVP now finds a large number of other uses. It derives its
commercial success from its biological compatibility, low tox-
icity, film-forming and adhesive characteristics, unusual
complexing ability, relatively inert behavior toward salts and
acids, and its resistance to thermal degradation in solution.
Because of these diverse properties, PVP finds important
applications in a number of industries, especially the phar-
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maceutical, food, beverage, cosmetic, toiletry and photo-
graphic industries (Hort and Gasman, 1983).

PHARMACEUTICAL USE

PVP, because it becomes sticky when wetted by water and
many solvents, is used extensively as a tablet binder. Tablets
bound with PVP exhibit reliable rates of drug dissolution,
which can also permit its use in sustained-release prepara-
tions. PVP is used as a tablet coating aid, and has found use
in the formulation of antibiotics, hormones and analgesics
for parenteral administration, and also of ophthalmic and
topical preparations.

The formulation of poorly water-soluble drugs has chal-
lenged the pharmaceutical industry during recent years, and
PVP has been found to be useful in the preparation of solids,
solutions, and suspensions where enhanced solubility has
increased bioavailability. Very recently, it has found use as a
carrier to create a gel-like matrix for the transdermal applica-
tion of drugs.

Iodine complexed with PVP (povidone iodine) is widely
used as a gennicide in antimicrobial soaps, surgical hand
scrubs, patient preoperative skin cleansers, antiseptics and
skin wound cleansers.

FOODS AND BEVERAGES

The WHO Joint Expert Committee on Food Additives
(JECFA) has granted an Acceptable Daily Intake (ADI) of
0-50 mg/kg/day for PVP (WHO, 1986). Under United States
law PVP has a number of permitted uses in foodstuffs,
including use as a binder for vitamin and mineral concen-
trate tablets and as a binder for synthetic sweetener tablets.
It is also used as a stabilizer for liquid vitamin and mineral
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concentrates and to prevent crystallization of liquid synthetic
sweetener preparations.

It is also used as a diluent and dispersant for food colors.
PVP is perniitted as a coating for fresh citrus fruit and as a
component in the packaging materials which are in contact
with aqueous, fatty and dry foods.

PVP has been used in the chill-proofing of beer and the
color stabilization of beverages such as white wines, fruit
juices and vinegar. PVP has found use because of its ability
to complex and form insoluble precipitates with certain poly-
phenolic compounds, such as the anthocyanogens in beer
and wine. PVP has been replaced in this application by the
insoluble PVPP.

COSMETICS AND TOILETRIES

PVP and its copolymers are used as a thickener, dispersing
agent, lubricant and binder in the cosmetics industry. The
polymers are particularly suitable adjuvants for skin cleans-
ing and protection preparations, and hair tints and dress-
ings. Many creams, either greasy or nongreasy, can be pre-
pared from PVP. It acts as a stiffener in hair setting lotions
and improves the consistency of shampoos and household
detergents to protect the skin. In contrast to anionic colloids,
PVP can be combined with cationic substances, e.g., disin-
fectants or basic dyes, but allowance must be made for the
fact that it has a marked affinity for dyes.

PHOTOGRAPHIC PRODUCTS

PVP acts as a protective colloid and silver halide—
suspending agent; it is used as a processing aid in the devel-
opment of silver halide film and to eliminate the occurrence

of dichroic stain. As a coating aid, PVP in silver halide emul-
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sions reduces viscosity and increases the covering power of
the developed image.

DYEING APPLICATIONS AND INKS

PVP improves the solubility of dye-based inks to give a
greater color value per weight of dye. In pigmented inks it
increases tinctorial strength, dispersion stability, viscosity
and gloss. It is used as a pigment dispersant in paper. It
enhances dye receptivity in paper coatings, and hydropho-
bic fibers such as polyacrylonitrile, polyesters, nylon and
cellulosics.

DETERGENTS

PVP functions as a builder in clear, liquid, heavy-duty
detergent preparations. It improves soil-suspending

capacity.

SUSPENSIONS, DISPERSIONS, AND
EMULSIONS

Additions of PVP stabilize aqueous suspensions, disper-
sions and emulsions. They are adsorbed in a thin layer on
the surface of the colloidal particles and thus prevent contact
with other colloidal particles.

PRODUCTION OF PLASTICS

In the production of solid polymers, PVP is used as a pro-
tective colloid and polymerization stabilizer.
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ADHESIVES

In view of its good water solubility, PVP is a useful compo-
nent in adhesives for rewettable bonding.

PAINTS AND COATINGS

In emulsion paint and other dispersions for coating, PVP
finds use as a protective colloid and dispersing agent to
influence the rheology of the dispersions.

PAPER AUXILIARIES

In view of its good water solubility, PVP is useful in coated
paper that will be rewetted at a later stage. In this application
the PVP prevents curling and imparts a smooth surface to
the paper.

TABLETTING AUXILIARY

PVP is a binder for all types of tablets for nonpharmaceuti-
cal applications, e.g., cleaning tablets for false teeth or paint
tablets for children's paint boxes.

OTHER INDUSTRIAL USES

PVP, because of its unique properties, for example, stabil-
ity over a wide pH range, is useful in various areas of oil
recovery; as an additive to cement formulations to increase
viscosity and setting time while decreasing fluid loss; in the
plastics industry as a particle size regulator, suspending
agent and viscosity modifier, and in many other areas of the
chemical industry.
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Synthesis and Properties of PVP

SYNTHESIS OF PVP

PVP is readily prepared by the polymerization of N-vinyl-
2-pyrrolidone (N-vinyl-2-pyrrolidinone, NVP). Traditionally,
the synthesis of N-vinyl-2-pyrrolidone and the polymeriza-
tion of the homopolymer have been based on the Reppe
acetylene chemistry represented by the following series of
reactions:

HC.CH 2HCHO HOH2C-C«C-CHiOH
acetylene formaldehyde 2-butyne-i,4-diol
+2H2 -2Hz H2C —
----------- » HOH2C-CH2-"H£-CH20H T
HzC c-0
1.4-butanedk)!

7 - bulyrolactone

HjC CHa Kiw CHa
NHa C/ \ acetylene C/
uHz Hal Cc-0
N N
I
CH-CHa
Of -pyrrolidone N-«nyt-2-pytrolklone
) (I
Hap——— CHa

HaCAA AC-0O

N
-CH CH..

polyvinylpyrrolidone

Figure 1. Reppe synthesis of PVP.



8 POLYVINYLPYRROLIDONE

The reaction of a-pyrrolidone (I) with acetylene under
pressure in the presence of a catalyst yields N-vinyl-2-
pyrrolidone (II). A simplified version of polymerization may
be visualized as a coupling of the unsaturated -CH =CH:
groups of several N-vinyl-2-pyrrolidone molecules to form a
chain of carbon atoms, to which pyrrolidone rings are
attached through their nitrogen atoms;

\/ \/ \/ V
N N N N
-CH-CH2-CH-CH2-CH-CH2-CH-CH2-

The relationship between N-vinyl-2-pyrrolidone (monomer)
and PVP (polymer) may be represented more concisely as
follows:

HCG [ @3 BC CH2
/
BC C=0 HZC/ C-0
CH=CH2 -CH-CHz2- | n
N-vinyl-2-pyrrolidone PVP
(monomer) (polymer)

where n stands for the number of N-vinyl-2-pyrrolidone
(monomer) molecules which have united to form a molecule
of PVP (polymer), or in other words, the degree of polymeri-
zation of the product.

Currently there are two basic approaches being used com-
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mercially for the polymerization of PVP. Most commonly,
PVP is polymerized in water as described by Reppe (1949).
Used to alesser extent, but being practiced commercially, is
polymerization in isopropyl alcohol.

Both methods yield polymers in solution form. In the iso-
propyl alcohol method the alcoholic solution is subsequently
converted to an aqueous solution by steam distillation. Since
the pharmaceuticals industry prefers powders, the aqueous
solution is then dried. Low or medium molecular weight
polymers are spray dried but high molecular weight poly-
mers are drum dried.

The cross-linked homopolymer, PVPP, is produced using a
caustic catalyst (USP 2,938,017) or by using a cross-linking
agent (DP 2,059,484) to form an insoluble hydrophilic poly-
mer. The polymer is insoluble in water and virtually all
organic solvents.

NOMENCLATURE
Soluble polymers

Chemical Abstracts Services Registration No: 9003-39-8
Chemical Abstracts Name: Il-ethenyl-2-pyrrolidinone
homopolymer

PVP has been known in recent years under a variety of
names. Some of these have been used as the "approved
names" by various regulatory authorities in different coun-
tries. There is still no general agreement, but commonly
used names include:

polyvinylpyrrolidone
povidone

polyvidone

polyvidon

polyvidonum

poly (N-vinyl-2-pyrrolidinone)

poly (N-vinylbutyrolactam)
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poly (I-vinyl-2-pyrrolidone)
l-vinyl-2-pyrrolidinone polymer
poly[l-(2-oxo-1-pyrrolidinyl)ethylene]

PVP is sold in pharmaceutical grade, i.e., in conformance
to the requirements of a number of national pharmacopoe-
ias, and also in other grades with non-pharmaceutical speci-
fications. The pharmaceutical grades are marketed under the
trade names Kollidon (BASF) and Plasdone (GAF). The non-
pharmaceutical grades are marketed under a variety of
names, such as PVP, Peregral ST, Albigen A, and Luviskol.

Insoluble polymers

Polyvinylpolypyrrolidone is also known as:

crospovidone

These are sold to the pharmaceutical industry under the
trade names Kollidon CL (BASF) and Polyplasdone XL
(GAF), and to the beer and wine industries under the trade
names Divergan (BASF) and Polyclar (GAF).

CLASSIFICATION OF PVP POLYMERS

PVP is marketed for its various uses at different average
molecular weights ranging from 2,500 to 1,200,000 and as
described below. The different molecular weight materials
are distinguished by a K-number (e.g., K-12, K-15, K-17, K-
30 for injectable human and veterinary preparations; K-25
and K-30 for oral pharmaceutical and food use and topical
pharmaceutical and cosmetic use; K-90 for oral and topical
pharmaceutical use; and all grades are available for indus-
trial use). The properties of the material vary according to
the average molecular weight. The polymer molecules are
composed of between 12 and 1,350 monomer units (Banner
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et al., 1983). These have been shown by light scattering mea-
surements in isotonic solutions to have end to end distances

of the coiled polymer in the range of 2.3 nm to 93 nm (Sanner
et al., 1983).

DIFFERENT METHODS OF ASSESSING THE
MOLECULAR WEIGHT

The molecular weight of a polymer is expressed as an aver-
age of the various molecular weights of the units comprising
the polymer. Traditionally there are three methods by which
average molecular weights are determined:

a) Number average (M,)—obtained by laboratory procedures
that measure characteristics such as osmotic pressure,
depression of freezing point, and elevation of boiling

point. -
b) Viscosity average (MJ-determined by viscosity
measurements.

c) Weight average (Mv,)-determined by procedures that
measure the size of the molecules, such as light scattering
or sedimentation rate measurements.

A molecular weight analysis of PVP K-30 using these tech-
niques might give the following approximate values:

Number average (M,) 10,000
Viscosity average_(M,) 42.000
Weight average (M,) 55.000

(A molecular weight of 40,000 has been used most com-
monly in the literature to define this product).

It is absolutely imperative in any review of the literature to
know which molecular weight average is being quoted. The
most widely accepted standard, for reasons of technical sim-
plicity and calibration, is the viscosity measurement, and the
different molecular weight grades of PVP are commonly dis-
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tinguished by their K-value. This nomenclature is used for
PVP, but few other polymers. The relationship between K-
value and viscosity average molecular weight depends on
the evaluation of a complex equation (Equation 1) in which
various constants must be substituted. In work prior to 1951
the two major manufacturers producing PVP, viz., BASF and
GAF, used different constants, and therefore the two com-
panies quoted different viscosity average molecular weights
(Mv) for apparently similar K-values. This nomenclature is
accepted by pharmacopoeias and other authoritative bodies
worldwide. The K-value is usually determined at 1% wt/vol
of a given PVP sample in aqueous solution. The relative
viscosity is obtained with an Ostwald-Fenske or Cannon-
Fenske capillary viscometer, and the K-value is derived from
Fikentscher's equation (Fikentscher and Herrie, 1945).

Pe- ST TR (1)

where K = 1000K,
njei = relative viscosity
concentration of the solution in g/100 ml.

n
]

Solving directly for K, the Fikentscher equation is converted
to:

K = IV300clog Z+(c+15clogzy +1.5clogz<] /(015 + QOX)
where Z = ge|

The intrinsic viscosity [q] is defined as:

and is usually determined by measuring the relative viscos-
ity at a number of concentrations and extrapolating In g,,/c to
zero concentration. It may, however, be approximated from
the Fikentscher equation by:
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[d] = 2.303 (O.00IK + 0.000075 K~

where [g] = intrinsic viscosity
K K-value of sample

Utilizing the Mark-Houwink equation (Scholtan, 1951;
Von Hengstenberg and Schuch, 1951), the relationship
between intrinsic viscosity and viscosity average molecular
weight is given by the equation:

[DI = kM/

where k = the Mark-Houwink constant

The values used by the major manufacturers until recently
for use in the above equations were:

k
and k

3.1x10 “ and a = 0.61 (BASF)
1.4x10 “and a = 0.7 (GAF)

It seems likely that the type of molecular weight determi-
nation will be altered in the future from viscosity average
molecular weight to weight average molecular weight using
light scattering techniques (Senak et al., 1987).

In general, throughout the remainder of this book, unl”s
otherwise stated, the viscosity average molecular weight M,
is used and abbreviated to MW. However, when reviewing
the literature where details of molecular weight determina-
tion have not been reported or where K-values have not
been given, then the information is simply used as set out in
the publication.

A comparison of the viscosity average molecular weight
for various K-value grades of PVP has been reported by
Biihler and Klodwig (1984), and the values are given in
Table 1.
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Table 1. PVP K-Values and Viscosity Average Molecular Weight

Viscosity average

K-Value molecular weight,
(limits as defined by DAC, 1979) M,

12 (11-14) 3,900 (3,100-5,700)

17 (16-18) 9,200 (7,900-10,800)
25 (24-27) 26,000 (23,000-32,000)
30 (28-32) 42,000 (35,000-51,000)
90 (85-95) 1,100,000

(900,000-1,300,000)

DISTRIBUTION OF MOLECULAR WEIGHTS
WITHIN A GIVEN PVP PRODUCT

Typically, for radical type polymerization, no batch of poly-
mer will have the same size molecules. The molecular weight
distribution curve of PVP is generally broad due to transfer
reactions during the polymerization. These transfer reactions
occur more frequently in the preparation of the relatively high
molecular weight polymers because the degree of branching is
greater than in the lower molecular weight polymers. Synthe-
sized PVP products were reported to have an approximate
bell-shaped distribution of different molecular weight com-
pounds (Sanner et al., 1983). This fact was demonstrated
using PVP K-15, K-30, K-60 and K-90, which when subjected
to gel permeation chromatography yielded data illustrated in
the accompanying Figure 2 (Senak et al., 1987).

A study of molecular weight distribution of PVP K-30 was
reported by Hort and Gasman (1983) and is reproduced in
Table 2. This table also shows the results from gel permeation
chromatography of more recent samples of PVP K-30
obtained from BASF and GAF (Schwarz, 1987-personal com-
munication). As a result of changes in manufacturing practice
these more recent samples contain a smaller proportion of low
molecular weight material (i.e., molecular weight of 20,000 or
less) and a greater proportion with a molecular weight in
excess of 40,000. The distribution of molecular sizes from the
two companies were very similar.
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Table 2. Analysis of Different Samples of PVP K-30

Percentage of different molecular
weight ranges present

Molecular weight Hort & Gasman Schwarz (1987)
range (1983) GAF BASF
<6000 21.3 4-6 4-6
6,000-20,000 32.2 22-30 25-31
20,000-40,000 19.2 23-25 24-25
40,000-110,000 18.5 30-35 31-37
>110,000 9.0 10-18 10-13

These observations have important implications when con-
sidering the passage of PVP through membranes where it has
been shown that only low molecular weight materials may
penetrate to any real extent. In the early published work it is
likely that a much higher proportion of low molecular weight
material would be present, and the figures of Hort and Gas-
man (1983), for example, show that more than 50% of the
material has a molecular weight less than 20,000, compared
with the average molecular weight of the sample as a whole of
37,900. In the more recent samples this has faUen to 26-37% of
the total. The distribution of molecular sizes within samples of
a given K-value also means that there is overlap in the distri-
bution of different molecular weights between products with
different K-values. An analysis of the molecular weight distri-
bution of a range of PVPs is shown in Table 3 (Schwarz, 1987;
personal communication).

Table 3. Comparison of the Molecular Weight Distribution of PVPs
with Different K-values

Molecular

weight range

by GPC K-12 K-17 K-30 K-90
< 30,000 99.9 95.0 -47 2-4
30-44,000 0.1 2-3 -12 1-2

> 44,000 - 2.0 -44 96
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Table 4. Solubility of PVP in Oiganle Solvents

Soluble”

Alcohols
Methanol
Ethanol
Propanol
Butanol

Acids
Formic acid
Acetic acid
Propionic acid

Esters
Ethyl Lactate

Ketones
Methylcyclohexanone

Chlorinated Hydrocarbons
Methylene Dichloride
Chloroform
Ethylene Dichloride

Amines
Ethylene diamine
Triethanolamine

Glycerol

Glycols
Diethylene glycol
Polyethylene glycol 400

Lactams

Nitroparaffins

Insoluble”

Hydrocarbons
Light petroleum
Toluene
Xylene

Ethers
Diethylether

Esters
Ethyl Acetate
Sec-Butylacetate
Ketones
2-butanone
Acetone
Cyclohexanone
Chlorinated Hydrocarbons
Chlorobenzene
Tetrachloromethane

*Minimum of 10% w/w PVP dissolves at room temperature,
*T"ss than 10% w/w PVP dissolves at room temperature.

PHYSICAL AND CHEMICAL PROPERTIES

Physical

PVP is soluble in a variety of organic solvents (Table 4).
PVP is soluble in water, the extent of which for practical
purposes is limited only by the viscosity of the resulting solu-
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tion. The heat of solution is -4.81 kj/mol (-1.15 kcal/mol);
aqueous solutions are slightly acidic (pH 4-5).

Under ordinary conditions, PVP is stable as a solid and in
solution. The solid tolerates heating in air for 16 hours at
100°C, but darkening and loss in solubility occurs at 150°C. At
pH 12, the polymer gels irreversibly within 4 hours at 100°C.
In strong acid solution, PVP is unusually stable, with no
change in appearance or viscosity for two months at 24°C in
15% HCI. Studies of various thickening agents for acid gelling
showed only PVP to be stable in 15% HCI at 107°C. However,
viscosity increases in concentrated hydrochloric acid, and in
concentrated nitric acid PVP forms a stable gel.

As shown in Figure 3, the glass transition temperature of
PVP is dependent on the molecular weight (Banner et al..

Figure 3. Glass transition temperature vs molecular weight.
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1983). The melt viscosity is too high for typical thermoplastic
forming operations.

Films of PVP are clear, transparent, glossy and hard. They
can be cast from water, methyl alcohol, chloroform or ethyl-
ene dichloride. It is comparatively hygroscopic and is between
carboxymethyl cellulose (CMC-70) and polyvinyl alcohol
(PVA) in absorption of water at 30-90% rh, with CMC-70 >
PVP > PVA. At 70% rh, PVP films become tacky, and at 50%
rh, they contain 18% moisture.

A number of synthetic and natural resins can be combined
with PVP to yield clear solutions and films. Among these
compatible resins are ethyl cellulose, polyethylene, polyvinyl
chloride, polyvinyl alcohol, polyvinyl methyl ether, shellac,
corn dextrin, and polyacrylonitrile (1:3).

Chemical

Polyvinylpyrrolidone is relatively inert to chemical modifi-
cation. In powder form the various grades of PVP are quite
stable at room temperature. When protected from mould,
aqueous solutions are also stable. These solutions have no
buffering capacity. On standing or by applying heat, they turn
slightly yellow, particularly if these solutions are acidic. This
discoloration can be inhibited by the addition of reducing
agents.

Exposure of PVP solutions to light in the presence of oxidiz-
ing agents or diazo compounds can cause gelation (Dorst,
1945; Rose & White, 1945; Slifkin, 1947). When aqueous solu-
tions of PVP are heated with strong bases such as lithium
carbonate, trisodium phosphate or sodium metasilicate, a pre-
cipitate results. This occurs because of cross-linking, which
results from the opening of the pyrrolidone ring and the sub-
sequent reaction across different chains. This precipitation
most readily occurs at elevated temperatures (Ullmanns,
1980).
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SPECIFICATIONS

The specifications for pharmaceutical grade and typical
properties of other grades of PVP are given in Tables 5
and 6.

Table 5. Specifications of Pharmaceutical Grade of PVP (povidone)

(USP, 1990)

Assay Value
K-Value;

15 or less 85-115% of nominal value

More than 15 90-108% of nominal value
Water Not more than 5%
pH, 5% soln. 3.0-7.0
Residue on ignition Not more than 0.1%
Lead Limit is 10 ppm
Aldehydes (as acetaldehyde) Not more than 0.2%
Vinylpyrrolidinone Not more than 0.2%
Nitrogen Not less than 11.5% and

not more than 12.8%

Hydrazine Less than 1 ppm

PRESENCE OF CONTAMINANTS IN
COMMERCIALLY AVAILABLE PVP
Monomer

PVP is manufactured by polymerization of N-vinyl-2-
pyrrolidone (NVP) and, as might be expected, minute quan-
tities of the unchanged monomer are stilt present in the final
product. The USP specification is that this should be less
than 0.2%, but in practice the level is normally well below
this.

2-Pyrrolidone

PVP also contains small amounts of 2-pyrrolidone, which
is due to the hydrolysis of NVP during the polymerization
process.
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Table 6. Typical Properties of Non-phannaceutical Grades of PVP

Residual

HjO monomer  Ash
Designation Form K-Range (% max) (% max) (% max)
PVP K-15 Powder 13-19 5.0 0.5 0.02
PVP K-30 Powder 26-34 5.0 0.5 0.02
PVP K-60 Aqueous Soin.  50-62 55 0.5 -
PVP K-90 Aqueous Soin.  80-100 80 0.5 -
PVP K-90 Powder 90-100 5 0.5 0.02

Hydrazine

Commercial PVP contains trace amounts of hydrazine
formed from ammonia in the manufacturing process. The
limit on the amount of hydrazine permitted in PVP has been
set at 1 ppm (USP, 1985; FAO, 1986), but the actual amount
present is now much less than this.

Acetaldehyde

Current specifications for pharmaceutical-grade PVP limits
the amount of aldehydes to 0.2% as acetaldehyde. It has
been reported that nonpharmaceutical grades may contain
0.4% acetaldehyde in PVP K-15, 0.14% in PVP K-30 and
0.014% in PVP K-90 (lanniello et al., 1987). These values
must be regarded with caution, however, since there are
major problems in the methodology for the specific determi-
nation of acetaldehyde in PVP. New methods are being
developed to improve on this methodology (lanniello, 1989;
personal communication).

Based on the very low toxicity observed with PVP, there is
no evidence to suggest that these contaminants play any
significant role in the toxicity of the final product.
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Movement of Large Molecules
Across Membranes —
General Considerations

INTRODUCTION

PVP has been widely used medically in the manufacture of
tablets and for both diagnostic and therapeutic purposes
since the early 1940s. The major use of PVP in quantitative
terms has been in the manufacture of tablets. From the
amounts of PVP sold for this purpose, it can be calculated
that the total number of tablets (including vitamin tablets)
manufactured each year is more than 100,000 million (10")
worldwide. From the lack of adverse reactions to this oral
administration of PVP over the last 30 or more years, it is
reasonable to assume that it is essentially devoid of toxicity
in the amounts used. The main parenteral routes of adminis-
tration have been intravenous as a plasma expander (K-30,
average MW 40,000) and subcutaneous or intramuscular as a
vehicle for drugs (K-12 to K-17, MW 2,500-10,000).

PVP was consumed in trace amounts in beer, wine and
vinegar as a residual contaminant when it was used as a
clarifying agent, but PVP is no longer used for this purpose,
having been replaced by PVPP. In the United States PVP is
used as a stabilizer and dispersant for food dyes and in con-
centrated liquid sweeteners; and it has been used in coatings
on candy, fresh fruit and paper for food wrapping.

23
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Exposure to PVP may also occur by inhalation when it is
incorporated as a film former in hair sprays.

The pharmacokinetics of PVP will be discussed under the
following headings, covered in this and subsequent
chapters:

1. Effect of physicochemical properties of PVP on membrane
transport- theoretical considerations

2. Evidence for absorption of PVP following administration

orally, subcutaneously, intramuscularly or by inhalation

Clearance of PVP from plasma

Renal excretion of PVP

Metabolism of PVP

Biliary excretion of PVP

Storage of PVP in the body

Nk w

Special attention has been paid to the fact that a variety of
PVPs with different average molecular weights have been
used in these studies and that PVP of a given average MW
actually consists of a range of molecules of different sizes.
These factors will obviously influence the extent and rates of
absorption, distribution, metabolism, excretion, and ulti-
mately storage in the body. The spread of molecular weights
within one type of PVP may also lead to difficulties in inter-
pretation of results of studies, especially when only very
small proportions of the administered dose appear to be
absorbed, as is frequently the case.

PHYSICOCHEMICAL FACTORS

Because PVP is a polydisperse macromolecular polymer
that is essentially metabolically inert and can be labelled with
radioactive iodine, it has been used to measure pore size of
artificial and natural membranes. This has provided a sub-
stantial amount of information about the pharmacokinetics
of PVP over a wide range of molecular weights. In many
instances, the reported average molecular weight of PVP
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was the basis for estimates of membrane permeability; how-
ever, the molecular weight distribution of any given lot of
polymers such as PVP reflects a range of molecular sizes in a
heterogeneous mixture. For example, a particular lot of PVP
K-30 had the molecular weight distribution shown in Table
2.

As discussed earlier in detail, molecular weight measure-
ments also vary according to the methods used to measure
and calculate the averages. The number average molecular
weight (M,,), the weight average molecular weight (M,,) and
the viscosity average molecular weight (M") are all different
values for PVP. Unfortunately, the method used to deter-
mine the molecular weight is not cdways clearly stated in the
literature (perhaps it is not known). The K-value, a reflection
of the viscosity of a solution, is a well-established means of
expressing relative molecular weight among the various
molecular species of PVP. The viscosity average molecular
weight has been the most commonly used current expres-
sion for PVP. A further discussion of the derivation of viscos-
ity average molecular weight for PVP is included in
Chapter 2.

A consideration of the relationship between molecular
weight and molecular size is essential to the evaluation of the
pharmacokinetics of polymers (including PVP), especially
when they are used to determine membrane pore size. The
size of a solvated polymeric molecule can be approximated
by the unperturbed radius of gyration. So, given by:

where T = end to end distance of an unperturbed
chain in angstroms
M = molecular weight

y/rJIM is a characteristic ratio for a solution of polymers in a
defined solvent. Meza and Gargallo (1977) determined this
value for a solution of PVP in water to be 0.480 (where Tqis
expressed in angstroms). Therefore:
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S =0480" = 0196 VM

This equation was used to estimate the radius of a pcirticu-
lar molecular weight of PVP in discussions of data in this
review.

MOVEMENT OF PVP ACROSS MEMBRANES

Substances may pass across membranes by a number of
mechanisms, including simple diffusion, facilitated diffu-
sion, active transport and special mechanisms such as pino-
cytosis. Most xenobiotics cross membranes by simple diffu-
sion, and for low molecular weight PVPs this is the major
mechanism involved. For higher molecular weight PVPs
other mechanisms are of importance, as discussed later.

Simple diffusion through a cell membrane occurs by one of
two general pathways:

1. Lipophilic molecules diffuse through the lipophilic portion
of the membrane.

2. Lipophobic molecules diffuse through the "water pores"
in the membrane.

Since the lipophilic portion of the membrane constitutes the
largest fraction of the cell surface area, there are few restric-
tions on molecular size for simple diffusion of lipophilic mol-
ecules. Water pores are restricted in size, depending on the
site of the membrane. Simple diffusion of lipophobic mole-
cules is subject to limitations based on pore size and molecu-
lar size. PVP is lipophobic and its simple diffusion through
membranes is subject to such restrictions. Pappenheimer et
al. (1951) originally proposed that convection and diffusion
act to enhance solute movement through pores, while steric
hindrance and friction impede solute movement through the
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pores. The particular problems relating to the transport of
PVP through specific membranes are discussed below.

Glomerular transport of PVP

Much of the data on the movement of PVP through mem-
branes is derived from studies of the glomerular clearance on
many different molecular fractions of PVP. Studies by
Hardwicke et al. (1968) and Hulme and Hardwicke (1968)
provided important information which led to further studies
in the refinement of pore transport theories, in general, and
the behavior of PVP, in particular. Hulme and Hardwicke
(1968) administered radio-iodinated PVP (MW 38,000; range
5,000-80,000) intravenously to normal human subjects.
Serial one-hour clearances were measured utilizing serum
and urine samples fractionated by gel filtration. Increasing
urine/plasma concentration ratios with decreasing molecular
sizes were obtained. This relationship continued up to a lim-
iting value, which approximated creatinine urine/plasma
concentration ratios in normal individuals.

A series of studies from Lambert's laboratory in Brussels
(Gassee et al., 1%7; Lambert et al., 1970; Lambert et al., 1971;
Lambert et al., 1972; Gassee et al., 1972; Vemiory et eil,, 1973;
Vemiory et al, 1974; DuBois et al, 1975; DuBois and
Stoupel, 1976) significantly expanded our understanding of
the permeability of the glomerulus to PVP. Vemiory et al
(1973) proposed a transport equation for uncharged macro-
molecules across a porous membrane which considered the
earlier concepts of Pappenheimer et al. (1951). Consider that:

K, = function of drag forces on a sphere moving in a
stationary liquid
Kz = function of drag forces on a sphere in a moving
liquid
a = molecular radius
r = pore radius
Sp = steric hindrance factor for diffusion; a function of

a/r
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Sp = steric hindrance factor for convection restricting
bulk flow of solute; a function of Sp

D = free diffusion coefficient of the solute in water

n = viscosity of filtrate

A. = filtration pressure

The chemical and physiological factors of concern in pore
transport are molecular size, pore radius and filtration pres-
sure. The fractional clearance/GFR is the sieving coefficient,
<> As described by Vemiory et al. (1973), according to pore
theory <is related to a, r and Apby:

« = [(K/K)Spl/le" [IMK,/K)Sp]
where k = (KYD *&/S) *(ri/8n) *Ap

DuBois et al. (1975) and Dubois and Stoupel (1976) studied
the permeability of artificial porous membranes to PVP. They
demonstrated that, considering the influence of filtration
pressure on the shape of the sieving curve, the mean pore
radius and pore radii distribution calculated from the sieving
data correspond to those that would be calculated from the
theoretical transport equation for uncharged molecules pro-
posed by Verniory et al. (1973).

The data presented for the glomerular basement mem-
brane and artificial membranes in the studies cited thus far
correlate with an assumption that the membranes contain
cylindrical pores logarithmically distributed around the
median.

The foregoing discussion emphasizes the physical, chemi-
cal and biological complexities influencing the movement of
PVP through pores and the difficulty in attempting to predict
accurately the transport of an average molecular weight PVP
across a membrane of average pore size. The failure to recog-
nize these complexities has led to occasional “new theories"
to explain the unexpected transport of macromolecules
across membranes (including the glomerular membrane)
presumed to be impermeable.



Absorption of PVP by
Various Routes of Administration

INTRODUCTION

The best method for determining the absorption of a chem-
ical is by direct chemical analysis of the material in the blood
and/or tissues. In the case of PVP no satisfactory specific
method for the detection of PVP in biological samples has
been developed. This has necessitated the use of a variety of
other techniques for determining the absorption of PVP.
These have included the use of radio-labelled PVP and histo-
logical or histochemical investigations. The shortcomings of
these techniques are discussed below.

Since PVP is used in pheirmaceutical products that are
administered orally and in food, there is much more infor-
mation regarding the oral absorption of PVP than about
absorption following administration by other routes. Fur-
thermore, as mentioned earlier, PVP has been used as an
experimental tool to investigate the pore size in the gastroin-
testinal tract and the molecular weight of material that can be
absorbed by this route.

ORAL ADMINISTRATION (see Appendix 1)

The experimental evidence regarding uptake of PVP from
the gastrointestinal tract comes from three main types of
experiments:

29
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1. Observation of gross and histological changes in the tis-
sues, mainly the gastrointestinal tract and associated
lymph nodes and the liver, following long-term feeding
studies using various grades of PVP. Such observations
have generally been made as part of the toxicity studies
that have involved feeding large amounts of PVP, gener-
ally 1-10% of the total dietary intake of animals.

2. Acute or medium-term studies in which PVP has been
administered orally by gavage or given in the food with
the specific intention of investigating possible oral absorp-
tion. The PVP was estimated in the tissues at post mortem
by chemical or histological techniques.

3. Acute experiments in which radio-labelled PVP has been
administered orally to conscious animals or by perfusion
through the intestine of anesthetized ones. The amount of
radioactivity appearing in the urine, blood, feces and tis-
sues or remaining in the perfusate was then estimated to
assess absorption. In some studies information about PVP
absorption is incidental to the use of this substance as an
experimental tool to investigate pore size in membranes.

EVIDENCE OF ABSORPTION FROM
TOXICITY STUDIES

A number of subchronic and chronic feeding studies were
conducted in the 1950s and early 1960s in rats, cats and dogs
using various grades of PVP. These experiments are dis-
cussed in detail later in the review in the sections on toxicity
and on carcinogenicity. The overall conclusion of the
researchers has been that there is evidence only for minimal
absorption of PVP, a conclusion that was endorsed by
Burnette (1962) when reviewing these and other investiga-
tions. All work carried out since that time has confirmed this
limited absorption of PVP.

Nine separate rat investigations have been reported,
involving over 1200 animals, in which PVP (ranging in size
from K-15 to K-90) was administered by gavage (up to 10g/
kg) or in the diet (1-10% of diet) over periods ranging from
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28 days to 2 years (see Appendices 5 and 6). In none of these
studies was there evidence for PVP absorption in terms of
either gross or histological changes in tissues (despite, in
some instances, special attention being devoted to the lym-
phatic system for signs of PVP storage in RES cells) or in
terms of changes in biochemical parameters in blood or urine
where these have been measured.

A similar lack of evidence for PVP absorption was found in
cat studies. It was only in the dog that there was possible
evidence of absorption and even here the findings have not
been consistent. For example, in the short-term feeding
studies carried out over 1.5 to 9 weeks, no toxic or pathologi-
cal changes that could be attributed to PVP were reported
(see Appendixes 5A and 5B), although female animals
receiving 10% PVP K-90 in a 28-day study did show splenic
enlargement (Kirsch et al., 1975). On the other hand, in a 1-
year study in which 5% PVP K-30 was administered (see
Appendix 6B), and a special staining technique was used to
identify PVP in the tissues, positive staining was shown to
occur in lymph nodes and blood (but not liver, intestine or
spleen) of treated animals. However, since similar findings
were also made in the control animals, some doubt must be
placed on these observations.

The only unequivocal finding has been in a 2-year dog
study (Princiotto et al., 1954) in which 0, 2, 5 or 10% PVP K-
30 was administered in the diet to Beagles in combination
with 10, 8, 5 or 0% of Solka-Floc, a form of cellulose. At post
mortem, although there were no gross or histological
changes in a wide variety of organs, it was reported that the
reticuloendothelial cells in the lymph nodes were swollen in
the group receiving the highest dose of PVP (10%), and that
lower-dose groups showed this effect to a lesser extent and
less consistently.

Whether this change was due to PVP absorption, and
whether the findings are peculiar to dogs, is unclear. They
have, however, stimulated a number of more definitive

investigations into gastrointestinal absorption.
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ABSORPTION STUDIES USING CHEMICAL
ANALYSIS OF PVP

Chemical techniques for the identification and quantitation
of PVP are more complex and less reliable than those using
radio-labelled material. Nevertheless, most of the early stud-
ies have, of necessity, used these methods, mainly to assess
distribution of intravenously administered PVP where the
levels are large and sensitivity is not essential. One study of
interest that employed a chemical analytical technique fol-
lowing oral administration of PVP is that of Haranaka (1971),
who conducted a number of experiments in rabbits using
PVP with a MW of 40,000. In the first he gave the animals 70
g of PVP mixed in the diet over a period of 1 month. After
this time cellulose acetate electrophoresis of the plasma
revealed slight changes in the protein distribution. The
albumin and alphaj-globulin levels were lower than in the
controls, while the gamma-globulin level was higher. He
attributed this to an effect of PVP on the liver, but conceded
that PVP also produced a slight "aggravation in nutrition"
which may contribute to the phenomenon. He also showed
that PVP could be detected in the liver using the phenol
method of detection but not the Lugol method, neither of
which is very satisfactory. Correcting for the recovery rate,
the highest estimate of liver PVP was less than 30 mg total or
0.04% of the total administered dose.

In a second series of experiments Haranaka perfused 20 ml
of 7% PVP (1400 mg) into the upper small intestine of an
anesthetized laparotomized rabbit and collected portal blood
at intervals over an hour. The serum was separated and PVP
estimated using the Lugol method. He found that absorption
was maximal after 10 minutes and no further absorption
occurred after 30 minutes, but total absorption was only 370
fig, or 0.026% of the administered dose. Haranaka consid-
ered this to be an underestimate of the actual absorption for
two reasons. First, he showed that as much as two-thirds of
the PVP in the blood was bound to red cells and would not
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be measured by his technique. Second, the site at which he
sampled portal blood represented drainage from only part of
the intestine, so that the total entering the liver could be
higher, although he does not estimate by what proportion.
However, even if one takes account of binding to red cells,
the amount of PVP absorbed is just over 1 mg. Then, allow-
ing for inadequate sampling (say only 1/5 to 1/10 of the total
has been collected) the total absorption would be 5-10 mg, or
0.35-0.7% of the administered PVP.

The overall conclusion drawn by the author was that PVP
is absorbed into the circulation and that small amounts were
deposited in the liver, probably in the form of a combination
with amino acids or peptides atIHil(O= and -N in the pyrro-
lidone radical instead of the original form of PVP. The tech-
niques available to the author clearly did not allow investiga-
tion of the molecular size of the absorbed material, but since
the PVP that he used (which had a MW of 40,000) in all
probability contained more than 20% of molecules with a
molecular weight less than 6,000, these could readily account
for the PVP found in the body.

ABSORPTION STUDIES USING
RADIO-LABELLED PVP

When using radioactive labels to investigate absorption of
PVP there are a number of technical problems that can arise
which complicate the interpretation of the results. Some
relate to the particular isotope used and some to the methods
of administration and of measurement.

General problems

First, in all the studies in which molecules with a distribu-
tion of molecular sizes have been labelled, it should be
remembered that the level of radioactivity in a given sample
reflects not the number of molecules present but the weight.
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because large molecules will have more label attached than
small ones. Second, the radio-labelled PVP is, for reasons of
safety and economy, diluted with "cold" PVP solution before
administration into animals. It is important that both
samples should have the same distribution of molecular
sizes for accurate assessment of the true rate and extent of
absorption of the PVP sample as a whole.

Following on from this, in studies in which PVP is admin-
istered orally, it is not sufficient to infer absorption of PVP
simply from measurements of radio-label in the collected
feces. Loss of radioactivity could simply reflect inadequate
collection. Most metabolic balance studies accept recoveries
of radioactivity in the region of 100+£5% . Absorption of PVP
in the region of 5% would therefore be almost undetectable.
Low levels of radioactivity in the feces could also be
explained by absorption of monomer, free label or only the
very low molecular weight material. Conversely, artificially
high recoveries may be recorded in the feces because mate-
rial has been absorbed from the gastrointestinal tract and
then subsequently excreted in the bile.

The only real indicator of absorption is the identification of
the marker in the blood, tissues and urine. Then, to be abso-
lutely certain that it is PVP and not just free label or mono-
mer, fractionation of the collected radioactivity to identify
the molecular weight of the material involved is desirable.
Clearly this can only be carried out in urine and tissue fluids,
and then only if sufficient material is present. In addition,
considerable errors are also likely to arise because of the very
low levels of radioactivity absorbed.

Studies using radio-iodine and ')

The most important problem in interpreting such studies is
that the iodine-label can become unbound, and indeed any
sample of such material is likely to contain a minute propor-
tion of free radioactive iodine. In most studies this would be
of little consequence, but when considering the potentially
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very small percentage absorption of PVP through the gastro-
intestinal tract it is important to distinguish between the
absorption of free radioactive iodine and the absorption of
the labelled-PVP material. Few of the many studies using
this technique have done so. Dialysis of the starting material
reduces the amount of free label, but is unlikely to eliminate
it totally.

Studies using radio-carbon (”C)

These studies are undoubtedly the most reliable because
the carbon is actually part of the PVP molecule and cannot
become unbound. Tlierefore, unless PVP is metabolized in
the body or some of the label is attached to monomer still
present in the sample, the distribution of radioactivity will
correspond to the distribution of PVP.

Having discussed the technical problems which have to be
considered in assessing the results of absorption studies, we
will now review the studies which have been carried out.

ABSORPTION STUDIES USING
IODINE-LABELLED PVP

One of the earliest investigations was by Fell et al. (1969)
using two ewes. They gave the PVP (MW 33,000) directly
into the abomasum in one animal and into the duodenum in
the other. They showed that peak excretion of radioactivity
occurred after about 22 hours, and that during a 120-hour
period, 60% and 71% respectively of the administered radio-
activity could be obtained from the feces. They assumed that
the remaining material had been absorbed, and although
radioactivity was detected in the blood throughout the
whole collection period, no figures for the extent of absorp-
tion were given. Unless the ewe is significantly different
from other species, it is unlikely that 30-40% of the adminis-
tered PVP had been absorbed. It is possible that the label
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became detached from the PVP in the gastrointestinal tract,
but as the authors pointed out, the lower pH present in the
sheep makes this less likely to occur than in other species;
furthermore, they presented some evidence from dialysis
experiments that this did not occur. To confuse the picture
still further. Fell and his colleagues showed that after intra-
venous injection of "T-PVP, up to 4.3% of the administered
radioactivity was lost in the feces and that this was not due
significantly to biliary or pancreatic secretions (as shown in
other species). They assumed the PVP entered the feces from
the blood through the gastrointestinal wall. One can only
conclude that the sheep handles PVP in quite a different
manner than other species, or more likely that the study was
too small to come to any clear conclusions.

More extensive investigations were conducted by Clarke
and Hardy, who in a series of studies (1% 9a, 1969b, 1971)
measured the absorption of “I-PVP K-60 by weanling rats.
They were investigating the uptake of large molecular
weight material by the gastrointestinal tract of young rats,
and in particular they were interested in protein absorption
(e.g., of gamma-globulin). They administered the PVP by
stomach tube (5 mg/rat), and 4 hours later, after thorough
washing of the intestine, they measured the retention of
radioactivity within the gut. TTiey reported that in rats less
than 18 days old, up to 50% of the administered PVP K-60
(MW 160,000) was retained. The process of uptake occurred
in the distal small intestine (not the duodenum or the large
intestine) and was complete within 4 hours. No further
uptake took place when longer absorption times were
allowed. Uptake declined markedly in rats 18-20 days after
birth, until by day 20 less than 5% of the PVP was retained.
In a few adult rats tested, uptake of PVP was less than 1%.
This change in gastrointestinal function, which is called "clo-
sure," paralleled changes in the histological appearance of
cells present in the intestine. At about the 18th day, they
concluded, there is an abrupt change in the type of cell pro-
duced within the crypts of Lieberkuhn, and these have quite
different permeability characteristics.
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Despite uptake into the intestine, they could not find
radioactivity in the blood of the rat, even in those animals in
which 50% was taken up by the intestinal wall. Earlier stud-
ies by Hardy (1965, 1968) had shown that PVP K-60 was
readily transferred from the small intestine into the circula-
tion by the newborn pig and calf. The authors suggest that
the uptake of PVP in these species is by pinocytosis, since
the level of radioactivity correlates with the degree of vacuo-
lation of intestinal cells. They went on to show that the pro-
cess is saturable, the uptake being proportional to the
administered dose of PVP up to a maximum of only 1 mg.
They conclude that this mechanism is probably responsible
for the uptake of gamma-globulin from colostrum and milk
in young animals, and is an important stage of normal neo-
natal development. While an uptake in weanling animals of
50% of the administered PVP K-60 must include a large pro-
portion of high molecular weight material, it is not clear to
what extent the uptake of radioactivity in adult animals sim-
ply reflects the low molecular weight material present in the
sample of PVP, or simply free iodine. No attempt was made
to fractionate the retained material.

A recent study on the uptake of macromolecules by rat
intestine (Beahon & Woodley, 1984) showed that PVP is
taken up not only into the columnar epithelium by fluid-
phase pinocytosis, but that absorption occurs into Peyer's
patches by the same mechanism.

Another study using radio-iodine-labelled PVP was by
Loehry et al. (1970) who used a number of substances,
including ”'I-labelled PVP, to investigate the diameter of
pores in the intestine of the rabbit. The experiments were
performed in anesthetized animals in which the kidney pedi-
cles were tied off (to prevent urinary loss) and in which the
intestine was perfused with physiological saline at 40°C at a
rate of 600 ml/hr. Two different procedures were used. First,
those in which the radio-labelled PVP was given intraven-
ously and the amount appearing in the perfusate measured,
and second, those where the radio-labelled material was

recirculated through the intestine and appearance of radioac-
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tivity in the blood detected. "“I-labelled PVP with a nominal
MW range of 8,000-80,000 with no K-value specified (Radio-
chemical Centre, Amersham) was used throughout the stud-
ies.

In the first series of experiments the "clearance" of sub-
stances from the plasma into the intestinal lumen was
expressed as follows:

amount of substance excreted/min
Clearance = . .
concentration of that substance in the plasma

From these studies it was shown, using a variety of agents
ranging in molecular weight from urea (MW=60) to PVP
(MW =33,000), that there is a linear relationship when the
logarithm of molecular weight is plotted against the loga-
rithm of intestinal clearance. Intestinal permeability to urea
was considered to represent the maximum permeability of
the water pores of this tissue.

In addition to these studies measuring total radioactivity,
experiments were also conducted in which the plasma and
intestinal perfusing fluid were fractionated using Sephadex
G200 in order to determine the size of the molecules pene-
trating through the gastrointestinal mucosa and to confirm
that the label was still attached to the PVP molecules of vari-
ous sizes. This was carried out both in the procedures in
which the radio-labelled PVP was infused intravenously and
in those in which it was perfused through the intestine. The
authors were then able to calculate the relative amounts of
'M-labelled PVP of a given molecular size that had passed
from the intestine into plasma or vice versa. Similar results
were obtained regardless of the direction of movement of the
PVP, but a comparison of the plasma/perfusate ratio of the
different molecular weight fractions of PVP essentially
showed that as molecular weight increases less material is
transported from the intestine into the plasma. The data sug-
gest that PVP with molecular weights of 8,000, 33,000 and
80,000 penetrate the intestine at rates of 0.67%, 0.39% and
0.067% that of urea, respectively. This would indicate that
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most of the PVP that enters the body is of low molecular
weight, with each minute about 10 times as much PVP of

molecular weight 8,000 entering as PVP of molecular weight
80,000.

ABSORPTION STUDIES USING C-LABELLED PVP

The first study of absorption was carried out by Shelanski
(1953) who gave 3.5% 'w'C-labelled PVP (K-30) solution orally
to 5 rats (110-150 g) at a dose of 6-10 g/kg. He claimed that
99% was excreted in the feces over a 5-day period, mostly
during the first day, and that about 1% was excreted in the
urine, that 0.25% was exhaled as carbon dioxide and that
0.5% of the administered dose remained in the carcass. The
study is open to a number of criticisms. First, it was not a
balance study and accounted in total for less than 85% of the
radioactivity administered. Second, the large dose of PVP
which was used caused diarrhea, which made fecal collec-
tion unreliable: Shelanski's assumption that 99% of the
radioactivity was lost in the feces was based simply on the
total activity that could be detected elsewhere (less than 2%).
The soft feces may also have led to contamination of the
urine samples. Third, although 0.5% of the radioactivity was
present in the carcass, less than 0.001% of the radioactivity
could be accounted for in the major organs (liver, kidney,
lungs, spleen). The source of the remaining activity is
unclear, but could represent skin contamination (some
attempt was made to wash the animals), or could simply
mean that some labelled PVP was still present in the gastro-
intestinal tract.

A limited but better controlled experiment was conducted
by the same author (Shelanski, 1960), but this time using
PVP K-90 which was administered orally as a 10% solution at
a dose of 5-6 g of solution per rat, equivalent to 500-600 mg
of PVP, i.e., 2-2.5 g/kg body weight. In two animals, urine
was collected at intervals over a 157-hour period with the aid
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of a special funnel taped to the penis (to avoid fecal contami-
nation). This showed that a small amount (< 0.35% of the
dose) was excreted in the urine over a 13-hour period, with
much smaller amounts continuing for at least 5 days. In a
third animal, carbon dioxide was collected at intervals over a
168-hour period. This showed that 0.04% of the radioactivity
could be detected over the first 6 hours, but after that radio-
activity was undetectable. In a fourth animal, feces and urine
were collected together and accounted, over a 96-hour
period, for 97% of the administered radioactivity. At post
mortem, measurement of tissue radioactivity in the animal
used in the carbon dioxide collection study showed that,
with the exception of the gastrointestinal tract and liver,
which contained 0.012% and 0.003% of the administered
radioactivity, respectively, levels were not distinguishable
from background.

Morgenthaler (1977) carried out more extensive studies in
rats, but using PVP K-12 (MW 1,700) and PVP K-25 (MW
40,300) and giving much smaller amounts of PVP (50 mg/kg).
Under anesthesia he cannulated the bile duct, the left and
right ureters and the jugular vein (to infuse physiological
solution, to replace the fluid lost by the animal, and mannitol
to create a diuresis). He administered '“C-PVP intra-
duodenally and collected bile and urine samples at intervals
of between 15 and 60 minutes over a 20- to 25-hour period.
From six animals treated with PVP K-12, he collected a total
of 7.55% of the administered radioactivity in the urine and
bile, while in eight animals treated with PVP K-25, only 1.3%
was excreted by these routes. Analysis of the entire gastroin-
testinal tract at the end of the experiment revealed that a
mean of 89.6% of the administered K-12 and 93.0% of the K-
25 had not been absorbed.

The most definitive "AC-PVP studies to date have been
those of Digenis et al. (1987). They used "*C-PVP that had
been synthesized by a procedure identical to that used for
the commercial production of PVP K-30. This radio-labelled
PVP (0.189 g) was dissolved in 20 ml of distilled water to
yield a solution containing 106 /tG/ml, and this was adminis-
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tered by gavage (0.1 ml/rat) to each of the test animals. Rats
of 200-300 g were used, so that a total dose of only 0.9 mg/rat
(about 3-5 mg/kg) was given. A single untreated control
group and four test groups, each of five animals, were used.
All the animals were kept in glass metabolism cages which
allowed urine and feces to be collected separately. At the end
of selected time intervals (6, 12, 24 and 48 hours) the rats
were killed and major organs (kidney, stomach, liver, lungs,
thymus and spleen) and blood samples were collected for
determination of total radioactivity. Because tissue radioac-
tivity in the test animals was very low, background counts
were established using tissues from control animals.
EssentiaUy, the study showed that PVP K-30, when
administered orally to rats, is absorbed in only trace
amounts. By 12 hours the cumulative fecal recovery of radio-
activity was 90.8%, and by 48 hours it had risen to 98.4%.
Measurement of tissue radioactivity 6 to 48 hours after PVP
administration showed only background levels, which were
not significantly different from untreated control values. On
the other hand, urine collection during the first 6 hours did
reveal some radioactivity, with 0.04% of the administered
dose being excreted by this route. To investigate further this
latter finding, the authors administered PVP orally by
gavage to a single rat, which was then anesthetized and the
carotid artery cannulated. Hourly blood samples removed
over a period of 6 hours revealed that blood radioactivity
reached a maximum at 2 hours and that the half-life for dis-
appearance of radioactivity from the blood was 1.5 hours.
Since it was suspected that the material entering the body
had a low molecular weight, Digenis et al. (1987) carried out
dialysis for up to 309 hours on the sample of = PVP used in
these studies. At the end of this period they found that only
4.0% of the *C-PVP had passed through the membrane (i.e.,
had a molecular weight of less than 3,500). This percentage
of low molecular weight material is much less than that
found in commercially available PVP K-30. Nevertheless,
even this small amount of oligomer would be enough to
account for the radioactivity detected in blood and urine in
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the animal experiments reported above. The authors also
showed, using dialysis membrane with a different molecular
weight cutoff, that 7.9% of the '"C-PVP had a molecular
weight of less than 12,000-14,000. Because of the extremely
small amounts of material absorbed and excreted in the
urine, it was not possible to determine the molecular weight
distribution of the absorbed PVP. Further support for the
view that it is the low molecular weight oligomer that is
absorbed came from the studies of McClanahan et al. (1984)
from the same laboratory, on the disposition of N-vinyl-2-
pyrrolidone (NVP, the monomer of PVP). They showed that
after intravenous administration of “C-NVP to the rat, the
half-life is similar to that seen with 'w'CGPVP absorbed from
the intestine, namely 1.5 hours. Digenis et al. (1987) con-
cluded that since PVP contains approximately 1% unreacted
monomer, this must account for at least some of the
absorbed radioactivity.

ABSORPTION STUDIES OF PVP IN HUMANS

While there is much information on humans relating to the
effects of injected PVP, there have been only a limited num-
ber of studies in which the absorption of orally administered
PVP has been investigated, and all of these have been to
assess the effects of gastrointestinal disease on permeability.
For example, '"T-PVP preparations have been used to mea-
sure blood-to-lumen permeability changes in protein-losing
gastroenteropathies Oarnum, 1961, Waldmann, 1972), and
lumen-to-blood permeability changes in patients with ulcer-
ative colitis and in experimental models (Rask-Madsen,
1973). However, in all these studies the low levels of absorp-
tion of the PVP and the large degree of dissociation of the
iodine label meant that they could not be usefully quantified.

Siber et al. (1980) overcame this problem by using ‘re-
labelled PVP (K-17.8), which they used to monitor the
changes in gastrointestinal permeability which occur follow-
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ing the administration of the anticancer drug, 5-fluorouracil,
to ten patients with metastatic carcinoma of the colon. Their
starting material, although nominally having a molecular
weight of 11,000, was shown by Sephadex separation to
include molecules with molecular weight in excess of 40,000.
To reduce this distribution, they subjected the material to
ultrafiltration, using filters to exclude molecules greater than
50,000 daltons and also those less than 20,000 daltons. This
removed in total about 30% of the original material. The
remaining PVP was administered orally to fasted patients at
weekly intervals. Urine and fecal collections were made at 24
hours, and the recovered radioactivity was expressed as a
percentage of the total administered.

The results indicated that total fecal excretion of PVP was
effectively 100% of the administered dose by 4-5 days after
administration. It should be noted that some material could
of course have been absorbed and excreted via the bile into
the feces, and this would not have been detected. Baseline
measurements of urinary excretion of PVP before giving the
5-fluorouracil, however, showed that 0.013-0.04% (average
0.03%) of the dose was actually absorbed and excreted by
that route. This increased by 2-20 fold as a result of antican-
cer drug treatment. The investigation gave no indication of
possible traces of PVP retention within the body, but two
interesting observations were made. First, they showed that
high molecular weight material was preferentially adsorbed
to the stools. They did this by incubating PVP (MW about
30,000) with feces for 18 hours and fractionating the superna-
tant using Sephadex G-200. The peak molecular weight of
the supernatant material was around only 10,000, indicating
that the higher molecular weight material was still attached
to the feces. Second, they showed that the mean molecular
weight distribution of '"*C-PVP in the urine of patients who
had received PVP orally was correspondingly low, with a
peak molecular weight on Sephadex G-1OO of about 10,000.
This implies selective absorption and/or excretion of lower
molecular weight material.
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DISCUSSION OF STUDIES OF ORAL
ABSORPTION OF PVP

The evidence clearly suggests from the experiments so far
described that a component of the PVP preparations which
have been studied is absorbed from the gastrointestinal tract
into the body. There is ample evidence from the appearance
of radio-labelled material in bile, urine, tissues, and even to a
small extent in the expired air, that this can occur. What is at
issue is the nature of this component and the rate and extent
of absorption. Any discussion of the evidence provided by
the individual experiments must therefore start from a con-
sideration of the physicochemical nature of commercial PVP
itself. It is not a precisely defined substance. It is composed
of molecules of different sizes ranging from monomer
through to molecules perhaps 2-3 times the size of the aver-
age molecular weight under consideration. There are also
small batch variations in the scatter of molecular sizes (see
Chapter 1). The difficulty in interpretation of most of the
experimental work which has been performed is that it does
not enable the nature or size of the absorbed material to be
identified. On purely theoretical grounds it is highly unlikely
that substantial gastrointestinal absorption of PVP can occur.
Indeed, if one considers the evidence relating to pore size,
no molecules greater than molecular weight 2,000 can enter
the body by this route. Early work by Hober and Hober
(1937), for example, suggested that non-lipid-soluble sub-
stances with a radius greater than 0.4 nm (corresponding to a
molecular weight of 180) cannot pass through the small
intestine of the rat. This finding was confirmed by Linde-
mann and Soloman (1962) who investigated pore size in the
luminal surface of jejunal cells in the rat. Fordtran et al.
(1965), investigating pore size in the gut in humans, came to
a similar conclusion. They showed that effective water pore
size in the human jejunum was between 0.67 and 0.88 nm,
and in the ileum between 0.30 and 0.38 nm. Schwartz (1981)
calculated on the basis of Stokes radii for PVP, but without
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taking into account convection, intrapore friction or steric
hindrance, that molecules up to 2,000 molecular weight
might be absorbed.

This would seem to exclude pores as a means by which
PVP molecules, other than very small oligomers or mono-
mer, can enter the body. However, the experiments of
Loehry et al. (1970), measuring absorption of different
molecular weight material from the perfused rabbit intestine,
and of Siber et al. (1980), in which the ratio of different
molecular sizes of PVP in the administered dose and in the
collected urine were analyzed, both showed absorption of
higher molecular weight material in the range of 10,000 to
50,000. How then does this higher molecular weight material
enter the body?

There are at least two possible explanations:

1. The experiments for estimation of pore size described ear-
lier were not sufficiently sensitive to discover the presence
of a few pores of larger diameter.

2. A different mechanism exists for the transport of large
molecular weight material through the intestinal wall. The
experiments of Clarke and Hardy (1% 9a, 1969b, 1971) in
neonatal animals suggest the existence of a pinocytic
mechanism, the importance of which dwindles as the ani-
mal matures. Perhaps a few cells retain this ability in the
adult. Having said that, it should be noted that these
authors could not find labelled PVP in the blood even in
neonatal animals where the pinocytic mechanism was
operating at its most effective. This may indicate that an
inadequate period had been left before blood sampling, or
it may point to a difference between the rat and other
species, especially since one of these authors had previ-
ously shown under similar circumstances that PVP does
enter the circulation in the neonatal pig and calf (Hardy
1%5, 1968).
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SUMMARY OF MAIN FINDINGS

The majority of orally administered PVP can be recovered
from the feces. The actual amounts range from 60-71% in
the ewe to approaching 100% in man and most other
species.

The majority of the PVP excreted in the feces in both man
and the rat is recovered within the first 24 hours.

Large doses of PVP given orally cause diarrhea and so
may further reduce the availability for absorption.

There is preferential adsorption of high molecular weight
PVP to feces in man.

PVP is absorbed into cells of the distal intestine of wean-
ling rats by pinocytosis, but there is no evidence of trans-
fer into the blood. This is probably part of the physiologi-
cal process by which neonates absorb high molecular
weight immunoglobulins from colostrum. In adult rats,
less than 1% is retained in this way.

In man, the small amount of PVP which is absorbed fol-
lowing oral administration appears to be absorbed mainly
in the upper bowel.

Considerations of pore size would suggest that only PVP
with a molecular weight less than 2000 would be freely
absorbed. Experiments involving perfusion of the rabbit
intestine suggest that material with a molecular weight up
to 50,000 can be absorbed to a limited extent. There is an
inverse log/log relationship between molecular size and
absorption.

The extent of oral absorption, as shown by measurements
of urine, tissue, and biliary excretion, is related to molecu-
lar size. With PVP K-30 the total which can be accounted
for in this way in both man and the rat is less than 0.04%
of the dose.

In toxicity studies in which large doses of PVP were fed in
the diet for up to 2 years, there were no significant
changes attributable to PVP in the rat or cat. A two-year
feeding study in the dog revealed slight swelling of the
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reticuloendothelial cells in the mesenteric lymph nodes,
which may have been evidence of PVP absorption, but
this was not confirmed.

A composite diagram summarizing the evidence on
absorption, distribution and excretion of orally adminis-
tered PVP is shown in Figure 4.

CONCLUSIONS

1. Absorption of PVP into the body in most species studied,
including man, is minimal. TTie absorption that does
occur is inversely related to the molecular weight (K-
value) of the PVP administered, but even with low molec-
ular weight material it rarely would exceed a few
percent.

2. There is no conclusive information about the size of the
molecules that can enter the body through the gastroin-
testinal tract, but it is highly probable that the majority of
absorbed material is oligomer or monomer, with only a
very small fraction of higher molecular weight material,
which may be taken up by pinocytosis.

INTRAMUSCULAR AND SUBCUTANEOUS
ADMINISTRATION OF PVP

PVP with an average MW of greater than 25,000 was in the
past incorporated into sustained-release pharmaceutical for-
mulations for injection, and was extensively used in Europe
to prolong, in particular, the effect of vasopressin in the
management of diabetes insipidus. Much of the evidence for
the absorption of PVP comes from reports of patients who
have received repeated injections of such preparations. The
storage of PVP which may follow such repeated administra-
tion is considered later in detail, but a review of this litera-
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BATECFORAUY ADMNISIREDPVP
hIBSlin* uptake
Pinocyte uptake of PVP K60 into
Sit9 ol Abaoiption dtelal small miestine of ~ rat
Timing of urinary excration of within 4 hr of administration (2)
"*C-PVP in man tuggaats 50% uptake in weanling {<18 days old)
upper bowel mainly invdvad <5% i4>taka at 20 days

<1% uptake in adult animal

INTESTINE AHBORMonIPa w
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MW 10,000 Ratio-0.09 to 8toota(1)

MW 50.000 Ratio - 0.01

Plasma Levei
HalMile for K90
inrat- 1.5hrs (9)

Lunge—excretion in e>g>ired air
K300.27% In 5 days in rat (6)
K90 0.04% in <8 hrs in rat (7)
K33 <0.02% in 12 hrsin man (8)

Tissueqptake
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Rat K90 0.012% 0.003% 0.00008% )
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Rabbit K30 — 0 04% — (10)
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Rat K90  0.035%  13hrs  (7) 3-Smgkg K30 rat 98% 48 hr ©)
Rat K30 0.004% 6 hrs 8) 6-10rngAg K30 rat 74-84%  5days (6)-
Man K17.8 0013-0.04 24 hrs ™) — K176 man 100% 4-5 days 1)
Rat K12 6.43% <25hrs (<) 50mg/kg K12 rat 89.6% <25hrs 4)
Rat K2s 1.21% <25 hrs (4) 50mg/kg K25 rat 93.0% <25hrs (4)
— K- ewe 60-71% 120 hrs 5)"
Reference 2-25gA(g K90 rat 97% 96hrs (7)
1 Sibwetal(1980) 6Sne(antki(ieS3) * Large doses caused diarrhea and prevented oompiele collection.
2CtBrka&Hwdy(l080a. 7Sh#{antki(i9e0} Estimated fecal loss 99%
1969b, 1971) SRavin etal (1952) ** The ewe is probably dtffereni In its excretion of PVP compared
3 Loehry etal (1970) 9Digenise(al(i987) with other apedes (see page 36)
4MorgenthMer(1977) |OHarsnaka (1971)
5 Fel etal (1960) 11 Hardy (1965,1968}

Figure 4. Fate of orally administered PVP.
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ture indicates that PVP is absorbed from the site of adminis-
tration, and there is evidence for its subsequent appearance
in the skin, bone, liver, kidney, spleen and lymph nodes. It
should be emphasized that these observations were made
after daily administration over many years of large amounts
of PVP, e.g., a cumulative dose over a 6-year period of 1200 g
(Lachapelle, 1%6).

More definitive information has come from a series of
experiments in animals performed by Cameron and Dunsire
(1983a, 1983b, 1984). Two series of studies were performed in
which either 1 mg/kg or 10 mg/kg of "*C-PVP K-12, PVP K-17
and PVP K-30 was injected (in a dose volume of about 12 /)
intramuscularly 4 mm deep into the left flexor digitorum
profundus muscle of female Sprague-Dawley rats. In the
first series of experiments, eight rats per group were injected
and kept in glass metabolism cages for a period of 30 days,
collecting urine and feces at not less than daily intervals in
order to assess the excretion of '“"C-labelled PVP. At the end
of this period the animals were killed and the muscle into
which the PVP had been injected, and the left popliteal
lymph node, were dissected out and weighed, and the *C-
radioactivity was measured. The gastrointestinal tract and
carcass were also retained and their radioactivity assessed so
that the total recovery of the injected "C-PVP could be estab-
lished. The total amount of radioactivity collected from all
sources (including cage washings and in some experiments
expired carbon dioxide) ranged from 90-97%. Table 7, com-
piled from the results of these studies, shows that the mean
radioactivity remaining at the site of injection after 30 days
ranges from 1.7-3.9% of the injected dose for K-30 to 0.12%
of the dose for PVP K-12. The majority of the radioactivity
was excreted in the urine; the smaller the molecular weight
of the PVP, the greater the proportion that appeared in the
urine (from 49% for K-30 to around 70% for PVP K-17 and
PVP K-12). Conversely, with decreasing molecular size, a
greater proportion appeared in the feces (from 10-13% for
PVP K-30 to 15-16% for PVP K-12, depending on the dose).
In all cases the major proportion (between 84-94%) of the
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Table 7. Percentage Recovery of '*C-PVP 30 Days After Intramuscular

In| ection
K-12 K-17 K-30
1 mg/kg 10 mg/kg 1 mg/kg 10 mg/kg 1 mg/kg 10 mg/kg
Urine 68.6 70.8 70.7 75.3 49.3 48.6
Feces 16.2 14.6 13.8 11.7 10.1 13.0
Injection site 0.12 0.12 14 0.9 3.9 1.7
Draining node  0.00 0.00 0.00 0.00 0.04 0.06
Carcass 0.53 0.15 5.5 6.0 27.0 25.1
G.LT. 0.02 0.01 0.6 0.4 1.0 0.8

Total recoveiy  93.2 90.2 94.6 97.2 94.6 91.7

urinary and fecal excretion occurred within the first 24
hours.

In the second series of experiments, the same doses (1 mg/
kg and 10 mg/kg) of '“C-labelled PVP K-12, PVP K-17 and
PVP K-30 were used, administered intramuscularly as before
to a total of 36 animals at each dose level. Four animals were
then killed on each of 1, 2, 4, 9, 14, 19, 24, 30 and 78 days
after injection, although in the case of PVP K-12 the final
measurements were made on day 50 after injection. A 5-ml
blood sample was removed from each animal, and the mus-
cle into which the PVP had been injected and the draining
lymph node (left popliteal) were removed, taking care to
avoid any cross-contamination.

These studies have given important information concern-
ing the rate of disappearance of PVP from the injection site,
possible accumulation of PVP in lymph nodes and the levels
of PVP detected in plasma. The results are summarized in
Table 8. First it was shown that with all three PVP samples
the majority of the PVP (86.4-99.7%) was absorbed from the
injection site within 24 hours. As might be expected, the
removal of the lower molecular weight material, PVP K-12,
was greatest, so that only 0.3% of the injected radioactivity
could be detected at the injection site after 24 hours. By the
end of the study (50 days after injection) this had fallen fur-
ther, to about 0.1% of the injected dose. In the case of PVP K-
17, clearance from the injection site was rather slower, with
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Table 8. The Distribution of Radioactivity with Time Following
Intramuscular Injection of PVP K-12, K-17, and K-30 in
Female Rats'

A. Radioactive residues at selected times after injection of 1 mg/kg PVP

Days after injection

Tissue PVP 1 2 4 9 14 30 78'
K-12 NS NS NS NS NS NS NS
Plasma K-17 528 243 55 16 15 7 5
(ng/ml) K-30 3185 1921 496 103 91 59 19
Lymph K-12 NS NS NS NS NS NS NS
node K-17 878 860 2173 1493 1849 1029 2067
(ng/g) K-30 2309 3727 3325 7398 3251 10258 4962
Injection K-12 032 044 035 022 018 012 0.10
site K-17 256 277 227 220 226 138 0.67
(% dose) K-30 13.63 11.15 938 8.68 758 5.72 3.18

B. Radioactive residues at selected times after injection of 10 mg/kg

Days after injection

Tissue PVP 1 2 4 9 14 30 78
K-12 26 10 2 NS NS NS NS
Plasma K-17 4119 2426 741 163 151 92 43
(ng/ml) K-30 33218 22172 9478 1736 912 492 217
Lymph K-12 357 839 332 2353 499 1258 514
node K-17 19812 19140 15982 14112 14233 21842 9916
(ng/g) K-30 28392 41068 61060 62835 61648 77368 37668
Injection K12 030 031 028 022 021 013 0.08
site K17 190 160 171 125 117 0.74 0.33
(% dose) K-30 758 673 449 419 431 241 095

*Compiled from Cameron & Dunsire (1983a, 1983b, 1984)
'in the case of K-12 final measurements were made on Day 50
NS Counts not significantly above background radioactivity

2-3% present after 24 hours. This fell only slightly during the
first 14 days of the study to 1-2% of the administered dose.
By the end of the study (in this case 78 days) the average
level of radioactivity was 0.3% and 0.7% for the 10 mg/kg
and 1 mg/kg doses, respectively. For PVP K-30, absorption
from the injection site was much slower, with 7.6% of the 10
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mg/kg dose and 13.6% of the 1 mg/kg dose present at the
injection site after 24 hours. Within 14 days these figures had
fallen only to 4.2% and 8.7%, respectively, and even after 30
days, 2.4% and 8.7% remained. After 78 days, 1% of the 10
mg/kg dose and 3.2% of the 1 mg/kg dose were still present
at the injection site.

Second, the appearance of the "*C-label in the lymph node
reflected closely what was happening at the injection site, so
that in the case of PVP K-12, where absorption was rapid,
little PVP could be detected in the lymph node even immedi-
ately after injection of 10 mg/kg, and within 4 days the levels
were undetectable. At 1 mg/kg of PVP K-12, the levels of
radioactivity in the lymph nodes were at no stage higher
than background values. For PVP K-30 a different picture
emerged. Throughout the whole period of investigation the
levels of  in the draining lymph nodes, following injection
of 10 mg/kg, were 10-100 times greater than with PVP K-12
and between 2 and 4 times those seen with PVP K-17. The
values remained relatively high throughout the period of
study, gradually peaking about 30 days after the injection.
Once again, the levels following injection of 10 mg/kg were
consistently higher (4-20 times) than those seen following
injection of 1 mg/kg.

Finally, these experiments showed that plasma levels of
“C-PVP closely paralleled the retention of PVP within the
body. Thus for PVP K-12, where in excess of 90% of the PVP
was excreted in the urine and feces within the first 48 hours
after injection and less than 0.5% of the PVP could be recov-
ered from the carcass after 30 days, plasma levels were
almost undetectable, with only minute amounts measurable
at the high dose during the first 2 days. Conversely, with
regard to PVP K-30, radioactivity was detectable in plasma
throughout the study, especially at the 10 mg/kg dose level.
The values were greatest during the first 48 hours, when the
maximum urinary and fecal excretion of PVP was occurring;
but even after 30 days, significant levels of radioactivity were
measured in the plasma. At this time after dosing, the car-
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cass levels were shown to be in the region of 25-27% of the
administered dose.

SUMMARY OF MAIN FINDINGS

1. PVP (MW > 25,000) has been used as an adjunct when
administering certain drugs (e.g., vasopressin) to delay
absorption from the site of injection. These circum-
stances, repeated daily injections over several years, may
cause accumulation of PVP in organs of the reticuloen-
dothelial system, i.e., liver, bone, kidney, spleen, and
lymph nodes.

2. In studies in which a single dose of 1 or 10 mg/kg of 'KI-
PVP (K-12, K-17, K-30) was injected intramuscularly into
rats, absorption from the injection site was rapid, with the
majority of the PVP excreted in the urine and feces within
48 hours.

3. The rate of absorption is dependent on the molecular
weight of the PVP, with up to 4% of PVP K-30 retained at
the injection site 30 days after administration. Retention
in draining lymph nodes is also observed.

4. Although almost all of the PVP is removed from the injec-
tion site, the percentage leaving the body depends on the
molecular weight or K-value of the PVP injected. Up to
27% of PVP K-30 is retained within the carcass of the
animal 30 days after intramuscular injection. With lower
molecular weight PVP, like K-12, the amount retained in
the carcass is less than 0.7% of the administered dose,
such material being more readily excreted by the kidney.

ABSORPTION OF PVP BY INHALATION

Interest in the possible absorption of PVP by inhalation
stems from the description by Bergmann et al. (1958) of clini-
cal and histological pulmonary inflammation, which they
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attributed to the polymers used in hair spray. They showed
X-ray abnormalities in women who used hair sprays daily for
2-3 years which disappeared after discontinuation of use of
the hair spray. A lymph node from one of the patients was
examined histologically and found to contain unidentified
granular phagocytosed material which was assumed to be to
PVP. It is this group of workers who gave the name "the-
saurosis" to describe the "process of storage" seen in the
tissues.

Since then, there have been other similar observations in
humans (see the section on storage in Chapter 7), but the
role of PVP in these findings is still unclear, mainly because
hair sprays contain many other materials such as shellac and
vinyl pyrrolidone-vinyl acetate copolymer, any of which
could also be stored in lymph nodes. Whether PVP is
absorbed significantly by this route into the rest of the body
is also unclear from the studies carried out.

In animals, only three studies have been reported, and
these are considered in detail in the section on storage
(Chapter 7). Rats and guinea pigs were exposed to aerosols
of PVP or commercial hair spray, and although minor local
changes involving lymphoid tissues were reported, there
was no specific evidence for systemic absorption of PVP.

In summary, there is inadequate evidence at present to
conclude whether and to what extent PVP is absorbed by
inhalation from aerosol sprays.



Excretion and Metabolism of PVP

INTRODUCTION

Numerous studies have been conducted in which urinary
excretion of PVP of various grades has been measured, the
most informative being those where the PVP has been given
intravenously. As with the absorption studies, many have
been carried out using the PVP simply as a tool to investigate
pore size in membranes, and in particular in glomerular
membranes. It is evident from these studies that low molecu-
lar weight PVP is readily excreted by the kidney, but as
molecular size increases the rate and extent of excretion
reduce. Above a certain molecular size (about 110,000 MW)
no renal clearance of PVP occurs. Commercially available
PVP of any particular K-value, although specified to have a
particular average molecular weight, does in fact include a
range of molecular sizes. If we wish to establish the extent of
urinary excretion for molecules of a particular size, it is
appropriate to consider data which have been obtained
using different PVPs with a range of K-values.

ANIMAL STUDIES (see also Appendixes 2A and 2B)

Wessel et al. (1971) reviewed the world literature on the
renal elimination of different PVPs with mean MWs ranging
from 11,500 to 500,000 and given in amounts of up to 5 g/kg
in a number of different species, including humans. In most

55
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of the early work, PVP excretion into the urine was esti-
mated either chemically or by viscosity measurement, and
although these are recognized as inaccurate and insensitive
techniques they all indicate that PVP is excreted in the urine
at a rate and in amounts that depend on molecular size.
Following intravenous administration, the actual extent of
PVP clearance in the urine during the first 24-% hours
ranged from 90-95% for PVP with a MW of 12,600 to only
10-20% for PVP with a MW in excess of 100,000. There were
small species differences in the absolute excretion of PVP,
but the overall trend remained the same.

More definitive analysis of renal elimination has come
from studies using radio-labelled PVP, using mostly iodi-
nated material. One of the earliest was carried out by Ravin
et al. (1952), who infused various grades of "*I-labelled PVP
intravenously into normovolemic dogs. By plotting cumula-
tive excretion curves they showed that 90% of PVP K-32,
65% of PVP K-35 and only 15% of PVP K-50 had appeared in
the urine within 72 hours of administration (Figure 5). Since
then, there have been numerous studies with low molecular
weight PVP fractions, all of which indicate extensive and
rapid clearance by the kidney. For example, Hespe et al.
(1977) gave PVP K-18 (98% with a MW of 30,000 or less) and
PVP K-14 (99.5% with a MW of 30,000 or less) intravenously
to rats. They showed that following a dose of 50 mg/kg, B&"
of both PVP K-14 and PVP K-18 was excreted in the urine
within 72 hours (mostly during the first 24 hours). However,
if the dose was increased to 200 mg/kg and observation con-
tinued for 22 days, then despite the increased collection
time, the total recovery of PVP K-14 from the urine remained
about the same (92%), while that of PVP K-18 was actually
slightly less (86%).

Using lower molecular weight materials (PVP K-12 and
PVP K-17) Indest and Erode (1977) and Indest (1978) came to
essentially similar conclusions. In their experiments 98% of
PVP K-12 and 94% of PVP K-17 were eliminated during an
observation period of 10-27 days following intravenous
injection into rats (with more than 90% of both materials
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Figure 5. Cumulative urinary excretion of "/l-labelled PVP in the dog
following intravenous injection of PVP K-32, PVP K-35, and
PVP K-50. (Modified from Ravin, et al. 1952.)

being eliminated in the first 24 hours). Following intramus-
cular injection, also into rats, of 1-10 mg/kg of three different
molecular weight ranges of PVP (K-12, K-17 and K-30),
Cameron and Dunsire (1983a, 1983b, 1984) recovered rather
less material in the urine over a 30-day period. They col-
lected only 69-71% with PVP K-12, 71-75% with PVP K-17
and much less (about 49%) of PVP K-30 (Table 7). In these
studies substantial amounts of PVP appeared in the feces
(10-16%), and in the case of K-30, 25-27% was still retained
in the carcass after 30 days. However, as with the studies of
Indest and his colleagues, the vast majority of the urinary
excretion took place within the first 24 hours after injection
(84-94%).

Schiller and Taugner (1980), using “C-PVP K-12 (MW
1,700), have investigated more precisely the actual processes
involved in the renal excretion of PVP. Using anesthetized
male Wistar rats, they injected intravenously radio-labelled
inulin or PVP (150 mg/kg) and measured the levels of radio-
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activity in urine and plasma at various times after injection.
At the end of the experiment the kidneys were removed to
measure radioactivity either in homogenates or by autora-
diography. First, they found that clearance of PVP K-12 was
identical to that of inulin; second, that removal from the
bloodstream was independent of concentration over the
range 5-10,000 nmol PVP/ml of plasma; and third, that the
process was not affected by inducing a diuresis with manni-
tol, all of which indicates that excretion is entirely by glo-
merular filtration, and that active tubular reabsorption and
secretion can be excluded.

The studies conducted by Hardwicke et al. (1968), Hulme
and Hardwicke (1%8) and by Lambert et al. (1970) have
added further to this picture. In a series of papers they
reported on work in which they characterized the sieving
profile of the renal glomerulus in the rabbit, dog, rat and
humans. By fractionating both the urine and the plasma they
were able to assess the glomerular clearance of what was
then essentially 20-30 different molecular weight fractions of
PVP varying in size by only 0.2-0.3 nm. They plotted the
spectrum of permeability for molecules with clearances iden-
tical to inulin, i.e., that were cleared at the glomerular filtra-
tion rate (GFR), to fractions with a clearance of less than
0.5% of the GFR. It revealed that molecules with radii up to
2.4 nm are cleared as readily as inulin (100% of GFR) but as
molecular size increased there was a marked reduction in the
ease of excretion until with PVP fractions larger than 6 nm
total exclusion occurred. Lambert et al. (1970) concluded that
in the dog the glomerular pores range in size from 2.38-6.31
nm, with a mean of 3.86 nm, and that this would allow
molecules with a maximum molecular weight of 104,000 to
pass into the urine.

This latter observation correlates well with an unpublished
study carried out by GAF, reported by Stahl and Frauen-
felder (1972) in which 2 female dogs received PVP (MW
38,000) intravenously. Urine was collected over a 36-hour
period and was then subjected to fractionation to determine
the distribution of PVP of different molecular weights. Small
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molecules appeared in the urine first, with larger molecules
appearing subsequently. The largest molecules retrieved
from the urine were in the range of 87,000-104,000.

These figures only apply, however, to clearance of these
specific polymers by the glomerulus, for although PVP mole-
cules with a radius of 3.6 nm have a clearance which is 30%
of that of inulin, the clearance for albumin, which has a
smaller molecular size (3 nm), is only 0.02% of the GFR and
even in disease it is seldom more than 1-2% (Hardwicke,
1972). The "effective pore size" is thus dependent on the
physical characteristics of the molecule involved, e.g.,
charge, shape, rigidity, etc.

According to Gartner et al. (1968), studying the renal
excretion in the rat of three PVP materials with MWs of
11,500, 110,000 and 650,000, two processes are operating.
Molecules with molecular weights up to 25,000 are elimi-
nated rapidly by glomerular filtration through the glomeru-
lar capillaries, but larger molecules pass through the postglo-
merular capillaries into the renal interstitium, and, on the
basis of the permeabilities to the PVPs being used, they pos-
tulated the existence of three pore sizes. Some of the PVP
that passes into the interstitium appears to be removed in
the lymph, but the majority passes back into the postglo-
merular capillaries.

These observations were extended by Vogel et al. (1969),
who were investigating the interstitial movement of PVP
within the kidney. They measured the lymphatic flow of
PVP (MW 110,000) in the rabbit kidney under conditions of
normal and furosemide-inhibited tubular reabsorption. They
concluded from their data that macromolecules reached the
interstitial space of the kidney by diffusion along a concen-
tration gradient and returned to plasma by solvent drag.
They also suggested that the interstitial space contains com-
partments which allow diffusion of macromolecules at differ-
ent rates. These data, together with previous data from the
same laboratory (Gartner et al., 1968), underscore the com-
plexities of renal excretion of macromolecules with molecular

size ranges which parallel membrane pore size ranges.
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HUMAN STUDIES (see also Appendixes 2C and 2D)

Although intravenously administered PVP was once
widely used as a plasma expander, few studies have been
conducted in which urinary excretion has been quantitated.
This relates mainly to the difficulty of accurately estimating
PVP in the urine without the aid of radioactive markers, and
the obvious ethical problems of imposing such a hazard on a
patient for purely research purposes. Nevertheless, a num-
ber of both radioactive and nonradioactive studies have been
carried out using amounts of PVP varying from a few milli-
grams to 10-50 grams. They all confirm that PVP, when
given intravenously, is excreted in the urine, and there is
some evidence to support the finding in animals that PVP
with a lower molecular weight is more quickly and more
readily excreted than that with a higher molecular weight.

The first studies were conducted in patients who were
receiving PVP as a plasma expander in an attempt to learn
more of the pharmacokinetics and possible toxicity of PVP
used in this manner. One of the earliest was by Campbell et
al. (1954), who used a chemical method for estimation of
PVP in the urine and showed that following intravenous
infusion of 540 ml of PVP (MW 35,000) 60% was excreted in
the urine in 24 hours and 80% within 14 days. They con-
cluded that a multicompartment system was involved in the
pharmacokinetics, probably related to the presence of differ-
ent molecular weight materials in the sample of PVP used.

Wilkinson and Storey (1954), using a similar colorimetric
analysis for PVP in urine, investigated the excretion of PVP
in 20 patients who had received PVP to maintain the blood
volume in various types of shock, injury or following surgi-
cal operations. The amounts administered ranged from 500
to 1500 ml of 3.5% PVP solution (Plasmosan) having a nomi-
nal MW of 29,000-56,000. They continued analysis of the
urine until only trace amounts could be detected (about 260
hours). Within 24 hours, large amounts of PVP had been
excreted. In 5 patients excretion was more than 55%, in 13
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patients it was between 30-50% and in only two patients was
it less than 10%. By the end of the collection period, in 5
patients more than 70% had been voided in the urine, in 9
patients the figure was 50-70%, in 5 patients 40-50%, and it
was less than 30% in just one patient.

Excretion of PVP in humans, as has already been demon-
strated in animals, is more rapid and more complete with
lower molecular weight material. This has been clearly
shown in two studies by Brautigam and Gleiss (1956), in
which urinary PVP was estimated by chemical analysis. In
the first study, 2.7 g of PVP (MW 10,000) was given intraven-
ously to children, and 95% elimination had taken place
within 6 hours. In the second study, PVP (MWs 25,000 and
20,000) was given to adults. With the higher molecular
weight material, 50% was shown to be eliminated in the
urine within 24 hours and 80-85% within 14 days, while with
the lower molecular weight PVP elimination was described
as "almost complete" within 1-2 weeks. These same authors
also showed that the lower molecular weight fractions
appeared in the urine first.

A number of studies have been conducted in humans
using PVP which has been radio-labelled, but as with other
investigations those using iodine labelling are difficult to
interpret due to possible unbinding of the label. Loeffler and
Scudder (1953) obtained permission from four terminally ill
cancer patients to administer 19 g of PVP K-28/32 with an
average MW of 40,000 and a probable distribution of molecu-
lar weight of 20,000-80,000. The PVP was given intraven-
ously and the urinary excretion followed over 24 hours. At
autopsy 2-8 weeks later the tissue levels of radioactivity
were also measured. One-third of the radioactivity was
excreted in the first 6 hours and two-thirds by 24 hours. The
unexcreted portion was distributed widely throughout the
body, with the lungs, liver, spleen, kidneys and lymph
nodes showing the greatest concentrations.

Longer-lasting studies are more difficult to assess. This
was highlighted by Heinrich et al. (1966), who gave 10-20
mg of "M-PVP (MW 30,000) intravenously and measured the
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disappearance of radioactivity in the blood and its appear-
ance in the urine. They found that there was radioactivity
present in the urine but that not all of it could be attributed to
PVP. They suspected that free ~ was actually liberated fol-
lowing uptake of PVP by the reticuloendothelial system (see
the section on distribution in Chapter 6).

Siber et al. (1980), as part of a wider investigation on the
effects of a cytotoxic drug, used PVP to measure the permea-
bility in the gastrointestinal tract during treatment of meta-
static colon carcinoma. Their study showed peak urinary
excretion of PVP during the first day after the oral adminis-
tration of "C-PVP (MW 11,000), but because the amounts
actually absorbed were so small (they recovered approaching
100% of the dose from the feces), the amounts excreted were
minute (0.01% of the administered dose). The molecular
weight distribution of the PVP in the urine was found to be
lower than that in the original sample, an observation which
had also been made by Ravin et al. (1952) some years earlier
in samples collected during the first 6 hours after PVP
administration. This would suggest, as was shown in ani-
mals, that the smaller molecular weight components of the
PVP material are more easily absorbed and excreted.

More definitive attempts to quantify the size of PVP mole-
cules that could be excreted by the human kidney were made
by measuring pore size in the renal glomerulus by Hulme
and Hardwicke (1968) and Hulme (1975) in a series of experi-
ments similar to those conducted in animals. Radio-
iodinated PVP was injected intravenously and serial 1-hour
plasma and urine samples were collected. The samples were
fractionated to separate the various molecular weight materi-
als and to enable individual clearances of the different-sized
PVP molecules to be calculated. These studies revealed that
healthy people can excrete PVP molecules with a molecular
radius as high as 6 nm, which corresponds to a molecular
weight of around 94,000. Slightly lower figures have been
indicated by Blainey (1968), who suggested that the glo-
merulus is highly permeable to molecules with a molecular
weight of less than 30,000 but is relatively impermeable to
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molecules with a size above 70,000. This is in agreement with
the work of Robson et al. (1973), using essentially the same
technique, who calculated that the maximal pore size was
about 4 nm.

On the other hand, the work of Lambert et al. (1970) has
shown a slightly higher figure, with glomerular pore size
ranging from 1.78-6.69 nm and with a mean of about 3.44
nm. This would allow passage of PVP molecules with a
molecular weight of up to 8000 at 100% of the GFR, while
molecules up to a maximum of 116,000 could be cleared, but
at a much slower rate. In renal disease, increased permeabil-
ity to PVP may occur, but the extent depends on the nature
of the disease (Blainey, 1968). In nephrosis, for example,
much larger molecules can appear in the urine (Robson et
al., 1973).

DISCUSSION

PVP with a low molecular weight, for example PVP K-12,
which has an average MW of 1,700, is readily and almost
completely excreted through the kidney, and it would
appear that molecules with an effective radius of less than
2.4 nm will be cleared at the glomerular filtration rate. On
the other hand, if the injected PVP contains a sizable propor-
tion of molecules with a molecular weight above 110,000,
then only the smaller molecular weight material will be
cleared by the kidney. None of the molecules above about
110,000 will be removed by this route. At the intermediate
sizes, clearance is reduced, so that with a radius of 3.6 nm it
is about 30% of the GFR. It has been suggested that such
molecules may not pass through the glomerulus but rather
through the postglomerular capillaries into the renal intersti-
tium. There is evidence for removal of at least some of this
material back into the capillaries or into the lymph.

What then is the significance of these observations to the
fate of orally or parenterally administered PVP? First, with



64 POLYVINYLPYRROLIDONE

regard to oral PVP, it must be remembered that uptake from
the gastrointestinal tract is only minimal, and most evidence
suggests that the majority of the material entering the blood-
stream will have a relatively low molecular weight. The only
estimations of the molecular size of PVP to be found in
plasma after oral administration have been those of Loehry
et al. (1970). The largest molecular weight they recorded
in plasma was 50,000, but then only in minute amounts
(<0.01% of that in the intestine). Even PVP with a MW of
10,000 entered only to the extent of 0.09% of the amount
used to perfuse the intestine. One may conclude that, fol-
lowing oréil administration of K-30, the material being pre-
sented to the kidney will have mairUy a low molecular
weight and will be present in trivial amounts. Most evidence
suggests that this would be readily excreted.

With regard to parenterally administered PVP, urinary
clearance is directly related to molecular size of the PVP
used, and because the large molecular weight material is not
excreted by the kidney, significant retention in the tissues
may occur. This was the case when large molecular weight
PVP was used as a plasma expander. It is for this reason that
the PVP recommended for pharmaceutical use by injection
has an upper limit of K-18, which has an average MW of only
9,200. (See discussion [p. 102] in Chapter 7.)

SUMMARY OF MAIN FINDINGS

1. The urinary clearance of PVP has been investigated fol-
lowing intravenous administration to animals and man.

2. The rate and extent of clearance of PVP through the kid-
ney are dependent on molecular size. The range of molec-
ular weights of PVP appearing in the urine is often lower
than that of the administered material, showing selective
excretion.

3. Large molecular weight material is excreted slowly and to
a minimal extent, whereas small molecular weight mate-
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rial is excreted more rapidly and more completely (e.g.,
for K-12 in the rat, 98% is recovered in the urine).

4. The largest molecules of PVP detected in the urine were
in the range of 87,000-104,000.

5. Estimates of the maximal pore size in the glomerulus in
the dog (2.4-6.3 nm) and in humans (1.8-6.7 nm) are in
overall agreement with the size of PVP molecules that
actually appear in the urine.

6. For low molecular weight material (MW < 25,000) excre-
tion is probably entirely by glomerular filtration. Some
higher molecular weight material may pass through the
postglomerular capillaries into the renal interstitium and
be reabsorbed.

METABOLISM OF PVP

Three studies have been conducted. They all point to mini-
mal metabolism of PVP, but suggest that it is only low molec-
ular weight fractions, possibly even PVP monomer, which
are affected.

The first study was by Ravin et al. (1952), who gave 're-
labelled PVP K-33 by intravenous infusion to humans (three
experiments). They found that 0.15-0.2% of the adminis-
tered dose was expired as carbon dioxide in the first 12
hours, and in the subsequent 12 hours this fell to 0.01%.
After 36 hours no radioactivity could be detected. However,
dialysis of the original material against running tap water for
48 hours before administration prevented the loss of radioac-
tivity in the expired air, suggesting that a low molecular
weight material was responsible.

Shelanski (1960), in a study on a single rat, gave 5 g of 're-
labelled PVP K- orally. He showed that 0.04% of the
administered radioactivity could be detected in the expired
air during the first 6 hours, but after that during a total of 120
hours of observation no further radioactivity could be
detected.
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On the assumption that at least some of the low molecular
weight material in a sample of PVP will be monomer (com-
mercial PVP K-30 contains < 0.2% monomer) a study by
McClanahan et al. (1984) is also relevant. They administered
"AC-labelled N-vinyl-pyrrolidone (NVP) intravenously into
the jugular vein of four rats. The animals were kept in glass
metabolism cages and urine, feces and expired carbon diox-
ide were collected. The total radioactivity in the expired air
as '"C-carbon dioxide collected over a 45-hour period was
3.5% of the administered dose, with 1.2% appearing in the
tirst 6 hours and a further 1.2% in the next 12 hours. When
urine and bile samples were analyzed following administra-
tion of the monomer, less than 0.2% of the radioactivity in
the urine and only 2-3% of the radioactivity in the bile was
due to unchanged monomer. This indicated that extensive
metabolism had occurred, although they were unable at that
time to identify the metabolites.

BILIARY EXCRETION

While it is clear that most orally administered PVP is
excreted in the feces and most intravenously administered
PVP is excreted in the urine, there is evidence that PVP can
be excreted in small amounts by other routes. It is important
to establish the extent of PVP excretion in the bile, because
when considering excretion data from experiments in which
PVP has been given orally, some of the activity found in the
feces may have come from this source. Data from four inves-
tigations are relevant.

One of the earliest reports was by Ravin et al. (1952), who
administered ""C-labelled PVP K-33 intravenously to dogs
and to humans. They showed that approximately 0.5% of
the administered dose appeared in the stools within 24
hours, and that thereafter the fecal excretion fell to about
0.01%/day. In the dog it was possible to confirm by cannula-
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tion of the bile duct that all of the PVP lost in the feces was in
fact of biliary origin.

More recently, similar conclusions have been drawn
regarding biliary excretion in the rat. Morgenthaler (1977),
using anesthetized rats in which the bile duct had been can-
nulated, administered '"C-PVP (K-12 and K-25) intra-
duodenally. He showed that 1.12% of the dose of K-12 and
0.09% of the dose of K-25 were excreted in the bile over a 20-
to 25-hour period.

The situation in the sheep, on the other hand, seems to be
rather different. Fell et al. (1969) gave "*I-PVP intravenously
to two ewes, and 48 hours later when the small molecular
weight material had been cleared by the kidney (i.e., plasma
levels had stabilized on the exponential part of the decay
curve), they collected the bile and pancreatic fluid flowing
from the combined bile duct. This showed that between
1.7% and 2.3% of the plasma ""T-PVP was cleared in this
manner. However, they showed by fecal collection, both
during this period and at a later stage after diverting the bile
back into the gastrointestinal tract, that this contributed
insignificantly to the total "““'I-PVP lost in the feces (about
4.3% of the intravenous dose), which they concluded passed
out through the intestinal wall. This is clearly very different
from the situation seen in the dog and the rat, and one must
conclude that there are wide species differences.

On the assumption that some material in commercial PVP
is monomer, McClanahan et al. (1984) administered vinylpyr-
rolidone intravenously to rats and showed that 17-20% of
the original radioactivity could be recovered from the bile,
but that only 2-3% of this was intact N-vinyl pyrrolidone.
They also showed that the amount of radioactivity in the
feces was considerably less (0.4%) than that excreted in the
bile, indicating that enterohepatic circulation of the NVP
and/or metabolites was taking place.



68 POLYVINYLPYRROLIDONE

SUMMARY OF MAIN FINDINGS

1. Limited studies in humans and rats in which "*C-labelled
PVP was administered intravenously show that metabo-
lism is niinimal (< 0.3%) and involves only low molecu-
lar weight fractions and residual monomer. Some radio-
activity was detected in expired air.

2. Studies conducted in the rat, dog, ewe and humans, in
which '“C-labelled PVP was administered intravenously,
show that small amounts of PVP are excreted in the bile.
In dogs and in humans, less than 0.5% of the adminis-
tered dose was detected, in the rat 1.12% of PVP K-12 and
0.09% of K-25 were found, while in the ewe slightly larger
amounts were excreted in the bile (1.7-2.3%).



Distribution and Storage of PVP

INTRODUCTION

Occasional reports in the medical literature of excessive
storage of PVP in the tissues of patients have raised interest
in the question of how and under what circumstances such
storage can occur, and how it can be avoided. Because of the
particular interest in this topic, a separate chapter has been
devoted to analysis of the studies carried out that relate spe-
cifically to the storage phenomenon with PVP. The fact that
PVP with a high MW, when given in large amounts intra-
venously, can be stored in the body, is well established. The
observation stems from the German medical literature in the
1940s and 1950s, which showed the presence of foam cells or
globular deposits in the liver of humans following the intra-
venous administration of PVP as a plasma expander. Similar
observations were subsequently made in animals following
intravenous injection of large amounts of PVP.

"Foam cells" is a term used in histological studies to indi-
cate a cell, normally a macrophage, which has large clear
inclusions, giving a foamy appearance to the cell. Such inclu-
sions can be produced by polymers or large molecular
weight colloids which are pinocytosed by the cells and coa-
lesce to form the large visible droplets. As will be described
in detail below, foam cells can be induced in animals and
man by the administration of large amounts of PVP. The
number of foam cells produced is proportional to both the
total amount and MW of the PVP administered. Because of

69
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the pinocytosis involved in the cellular uptake of PVP,
described in Chapter 8, it is assumed that the foamy appear-
ance of the cells is due to accumulation of PVP within the
cytoplasm. There are, however, no definitive histochemical
methods for the identification of PVP so that evidence of
PVP storage based on the existence of foam cells or intracel-
lular vacuolation is only indirect and suggestive and not defi-
nite proof. Studies using radioactive PVP have clearly
shown, however, that storage does occur.

The relevance of the observation of storage of PVP follow-
ing intravenous administration to its use by other routes,
and in particular by the oral route, is open to question for a
number of reasons.

First, the PVP was given intravenously and in very large
amounts ranging up to 28 liters of 3.5% solution (equivalent
to almost 1 kg of PVP). It has been shown in both animals
and man that only minute amounts of orally administered
PVP K-30 enter the body (and then mainly the small-MW
material, which is readily absorbed and excreted), and there
would appear to be a plasma threshold below which storage
is not observed (at least in animals). Thus the effects of
administering such huge amounts of PVP intravenously may
not meaningfully reflect what happens with much smaller
quantities.

Second, the observations were made in patients in whom a
state of shock or injury required the administration of a
plasma expander. Such a situation might be expected to
impair the handling of PVP by the body since, among other
things, renal perfusion would almost certainly be reduced.

Third, it is possible to obtain evidence regarding storage in
humans generally only by postmortem examination of the
tissues. In some instances death occurred within weeks of
administration due to the effects of the condition requiring
treatment, but in other studies the time lapse was three years
or more. In these situations positive identification of PVP in
the tissues was not possible, and the researchers relied on
histological changes such as globular deposits, vacuolation
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or the presence of foam cells to indicate that there was stor-
age of PVP.

Despite these reservations, it should be emphasized that in
none of these investigations was there a report of any func-
tional disturbance either directly in terms of physiological
changes or indirectly as shown by various clinical tests. Fur-
thermore, PVP has been administered therapeutically as a
plasma expander to at least 500,000 people without recorded
instances of untoward effects attributable to PVP or to PVP
storage.

Notwithstanding these observations, it is important when
considering data on PVP distribution and storage to estab-
lish:

1. What blood levels can be achieved after oral or parenteral
administration.

2. Whether storage occurs only if a certain plasma threshold
level is exceeded.

3. To what extent the rate of clearance by the kidney affects
this process.

4. Into which organs PVP is distributed.

5. To what extent storage is dependent on the molecular size
of the PVP.

6. Whether PVP taken up by cells in the body is subsequently
liberated or whether long-term storage occurs.

7. Whether storage is associated with functional changes in
the cells or organs concerned.

Very few of the available studies have addressed these
particular questions, but answers to at least some of them
can be gleaned from the existing literature. The investiga-
tions that have been carried out fall into four quite distinct

types.

1. pharmacokinetic studies

2. distribution studies

3. histopathological and toxicity studies
4. human studies
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PHARMACOKINETIC STUDIES OF PVP (see also
Appendix 3A)

The elimination of PVP of varying molecular weights fol-
lowing parenteral administration has been tabulated from
the world literature up to the 1960s by Wessel et al. (1971).
They reported that the half-life (ti/z) for the elimination of
PVP with an average molecular weight of 40,000 ranges from
as low as 12 hours to as high as 72 hours in experimental
animals.

One of the most extensive investigations into the plasma
half-life of PVP was carried out by Ravin et al. (1952) using
#C-labelled PVP. Following intravenous injection into nor-
movolemic dogs of a number of different-MW materials,
they showed that blood levels fell rapidly during the first
hour or two. This was followed by a short inflection phase
and then a much more prolonged straight-line decay. The
rate of disappearance was related to MW, so that at 12 hours
after administration 75% of PVP K-50, 40% of PVP K-37, 25%
of PVP K-32 and 15% of PVP K-28 still remained in the circu-
lation (Figure 6).

Tokiwa (1958) reported that the ti. for PVP (average MW
12,600) administered intravenously to rabbits was 4 to 6
hours and that excretion was less in rabbits when the kid-
neys were damaged by mercuric chloride. Owen et al. (1975)
reported that "“I-PVP (average MW 3000-4000) had half-lives
of 4.3+1.5 hours and 176+39 hours following intravenous
administration to sheep.

Digenis et al. (1987) administered "C-labelled PVP K-30 by
gavage to four groups of five rats. Animals were killed at 6,
12, 24 and 48 hours and measurements of blood and tissue
radioactivity at these times revealed only background levels
which did not differ significantly from untreated controls. A
minor amount of radioactivity (0.04% of the administered
dose) was detected in the urine of the rats killed at 6 hours.
Nearly all the remaining activity (98.4%) was found in the
feces by 48 hours. In a single rat given ""C-PVP K-30 by
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RETENTION OF POVIDONE IN CIRCULATION OF DOG

Figure 6. Relationship between K-value of '*C-labelled PVP and the rate
of elimination of PVP from the plasma following intravenous
injection into normovolemic dogs. (Modified from Ravin et al.,
1952.)

gavage, hourly blood samples were taken for 6 hours and
showed that a small amount of radioactivity could be
detected at two hours and approached background activity
by 6 hours. The authors presented some evidence which
suggested that the absorbed radioactivity was probably a
low-MW oligomer (less than 3,500) which was present in the
original sample.

In the earlier studies referred to above. Ravin and his col-
leagues (Ravin et al., 1952) concluded from the persistence of
PVP in the blood after the initial rapid fall that more was
involved in its removal than simple urinary excretion. One
possibility, they concluded, was removal into lymph, and to
test this hypothesis they collected lymph from thoracic
lymph duct fistulae in dogs after intravenous injection of
PVP. The PVP appeared in the lymph almost immediately,
reaching peak levels within one hour. This was followed by a
slow decay phase during which the plasma and lymph levels
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approached each other. Extrapolation of the decay curves
suggested that the lines would intersect (i.e., plasma/lymph
equilibrium would be reached) for PVP K-25 at around 9-10
hours and for PVP K-35 after 12 hours. The authors
explained the difference in terms of the different MW distri-
butions, suggesting that low-MW material can pass into the
lymph more readily.

Additional observations have been made by Vogel and
Strocker (1964) who infused PVP (MWs 11,000, 38,000 and
90.000) intravenously into rats and confirmed that passage
from the plasma into lymph was dependent on molecular
size. The same authors, in another series of experiments
(Vogel and Strocker, 1967), infused PVP intravenously (MW
38.000) into rabbits and showed a differential lymph/plasma
ratio in different tissues. It was highest in the liver (0.8) and
kidney (0.7) and lowest in the hind limbs (0.3) and thoracic
duct (0.35). The corresponding ratios for protein were 0.9,
0.8 and 0.7, indicating that, unlike PVP, there was little dis-
crimination between tissues for the transport of protein.

Further support for the concept that PVP passage into
lymph is dependent on molecular size came from Boyd et al.
(1969), who measured lymph/plasma ratios for lung capil-
laries using PVP K-11 and K-12 (MWs 3000 and 5000) with
molecular sizes of 1.1 nm and 1.7 nm, respectively, adminis-
tered intravenously to sheep. Also Youlten (1969) studying
the rat cremaster muscle, showed, by Sephadex gel-filtration
chromatography of the PVP passing out of the blood vessels,
that there was differential transport according to molecular
size. Table 9 has been adapted from the reported data. The
effect of molecular size on apparent volume of distribution is
critical between radii of 2.5 nm and 3.1 nm (average MW
16,000-25,000). This is the prevalent range for the PVP prep-
arations most commonly used for experimental studies (e.g.,
K-30). The apparent volume of distribution ranged from
19.45 ml for PVP with an average molecular weight of
6,500-8,500, to 3.66 ml for PVP with an average molecular
weight of 113,500-211,000. This difference in volume of dis-
tribution would affect the determination of pharmacokinetic
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Table 9. Effects of Molecular Size of PVP on the Apparent Volume of
Distribution in Rats'

Estimated Molecular Estimated Molecular Apparent Volume

Radius (nm) Weight*’ of Distribution (ml)
1.6-1.8 6,500-8,500 19.45
1.8-2.0 8,500-10,500 21.01
2.0-2.5 10,500-16,000 22.99
2.5-3.1 16,000-25,000 13.45
3.1-4.0 25,000-41,500 8.17
4.0-5.1 41,500-67,500 5.43
5.1-6.6 67,500-113,500 4.14
6.6-9.0 113,500-211,000 3.66

*Modified from Youlten (1969)-see text
‘Derived from So~0.196M

parameters. One obvious effect would be to increase the
number of apparent pharmacokinetic compartments.

More recently, Vogel (1977) studied the filtration coeffi-
cients of PVP with average MWs of 11,500, 25,000, 38,000,
110,000, 160,000 and 650,000 in the rabbit hind limb. He
showed that only trace amounts of PVP with MWs of 38,000
and 110,000 were found in the lymph at this site, but that
PVP with MWs of 25,000 and greater was found in the liver
and kidneys. Furthermore, while PVP with a MW of 650,000
showed significant filtration in the liver (lymph/plasma ratio
= 0.14) filtration by the kidney was much less (lymph/
plasma ratio = 0.37).

The lymphatic storage of PVP which has diffused through
capillary pores into the lymphatic fluid is attenuated by the
fact that the molecule can also diffuse out of the lymphatics.
Orally or intravenously administered PVP would be
expected to enter the lymphatics in varying amounts, with
little following oral administration, due to limitations in
intestinal absorption. Following intramuscular injection, a
significant fraction of the compound is expected to enter the
lymph, because large lipid-insoluble molecules depend pri-
marily on the lymphatic system for removal from intramus-
cular injection sites (Greenblatt and Koch-Weser, 1976).

Useful information on the pharmacokinetics of PVP has
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also come from a study by Regoeczi (1976). He was inter-
ested in assessing reticuloendothelial activity, which he did
by measuring the rate of removal of *I-PVP (MWs 33, (XK
and 36,(XX)) from the circulation following intravenous injec-
tion in rabbits. In order to avoid the complication associated
with loss of low-MW material through the kidney, he waited
51-56 hours before carrying out any measurements. That
way he could be sure he was only measuring the distribution
of the large-MW material. At intervals over a 15-day period
he measured the plasma and whole-body radioactivities
(having first emptied and rinsed out the bladder with saline
as an added precaution to avoid possible counting of radio-
active material excreted through the kidney). A comparison
of the decay curves for these two measurements enabled him
to estimate the rate of removal of PVP from the plasma. As a
result of various maneuvers to alter phagocytic activity he
concluded that PVP was in fact being taken up by cells of the
reticuloendothelial system. He also showed that the half-life
of PVP in the plasma was 3.2 hours (average) and in the
body as a whole 18.0 hours. However, it must be remem-
bered that these figures only relate to the PVP remaining in
the circulation after the initial period in which small-MW
material was removed by the kidney.

Studies in mice (Carter et al., 1984) using “;-labelled PVP
(MW 30-40,000) have also shown biphasic clearance, with an
initial rapid fall for the first 4 hours, followed by a slower
exponential fall, corresponding to the phases of distribution
and renal clearance and later uptake by phagocytic cells of
the reticuloendothelial system. The rate of clearance has also
been shown in rats to increase with the age of the animals
between 12 and 36 months (Horbach et al., 1986).

It may be concluded that blood levels decline rapidly ini-
tially due to removal of small-MW material by the kidney,
and that this is followed by a more prolonged decline during
which there is passage from plasma to lymph. This process
has been shown to be dependent not only on molecular size
but also on the nature of the vessel bed being considered.
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The ability of PVP molecules to pass out of the bloodstream
in this way would clearly affect the volume of distribution.

DISTRIBUTION STUDIES OF PVP (see also
Appendix 3B)

A number of studies have been conducted with different
grades of radio-labelled PVP given intravenously to different
species. Although the timings, doses and procedures have
varied, they came to essentially sinular conclusions. Three
investigations were carried out by Ravin et al. (1952). In the
first, rats were injected with "*C-PVP (K-33) at a dose of 350
mg, and pairs of animals were killed at 2, 4 and 7 weeks after
dosing. In the second, rabbits were injected intravenously
with a total of 8-9 g of the same preparation in seven daily
doses and killed at intervals of one, two and six months. The
outcome of both studies was very similar. In terms of total
amounts of PVP present, the largest fractions in both species
were found in skeletal muscle (5-17% of the administered
dose) and the skin (5-10% of the dose), which they con-
cluded was due to the large size of these two organ systems.
In terms of relative concentrations per gram of tissue, these
organs have the lowest amounts, the highest being found in
the liver, spleen, bone marrow and lsmriph nodes. The fig-
ures showed that uptake into these reticuloendothelial cells
was largely complete within two weeks, but once in the cells
the turnover was slow. Most PVP subsequently lost in the
urine appeared to come from the extracellular space.

In a further experiment the same authors fractionated “"C
PVP (K-30.2) into high-and low-MW fractions (correspond-
ing to K-37 and K-27, respectively) before intravenous injec-
tion into rats (35 mg/kg). The results showed that the overall
retention of PVP increased with increasing molecular size,
but below a certain molecular size (corresponding to K-26)
uptake by the RES was minimal (perhaps due to rapid uri-
nary excretion).
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In a somewhat shorter experiment in rabbits, Regoeczi
(1976) measured tissue radioactivity 10 days after the admin-
istration of XI-PVP (MW 36,000, but with the low-MW mate-
rial removed). Expressing the radioactivity as a percentage of
that present in the carcass as a whole, he showed that 17.5%
was still present in the blood, 21% in the skin, 15% in the
liver, and 10% in the bone marrow, with lesser amounts in
descending order in muscle, kidney, fat, intestine and
spleen.

A similar picture emerged from a study by Loeffler and
Scudder (1953) in the rabbit, following injection of 0.8 g/kg of
*¢CPVP (K-28/32). Although there was considerable varia-
tion in the extent of organ uptake, the greatest amounts were
found in the kidneys, lungs, liver, spleen and lymph nodes.

Using fractionated PVP K-17.8 with an average MW of
11,000, injected intravenously into 3 rabbits, Siber et al.
(1980) confirmed the selective uptake by liver and spleen.
However, they found that tissue levels of radioactivity had
returned to background values within 12 weeks of adminis-
tration. This would suggest that, at least as far as this lower-
MW material is concerned, uptake into the RES is a revers-
ible process.

The extent of uptake by individual tissues appears also to
be dependent on the absolute amount administered. Experi-
ments by Marek et al. (1969), who gave rats 100 mg/kg "
PVP (MW 30,000) intravenously, showed that by 48 hours
after dosing the liver contained 35% of the PVP, the muscles
11%, spleen 6%, kidneys 1.8%, lungs 0.7% and the blood
1.8%. They further showed that with larger doses, although
uptake of radioactivity was increased in all tissues, a dispro-
portionately large amount was taken up by the spleen.

Using autoradiographic examination of saggital sections of
whole rats, six days after intravenous injection of 'Kii-labelled
PVP K-14 or K-18, Hespe et al. (1977) produced a similar
picture of tissue distribution. With P\T K-18, 98% of the
material had a MW of 30,000 or less, and 99% had a MW of
40,000 or less. With PVP K-14 on the other hand, 99.5% had
a MW of less than 30,000 and 100% had a MW less than
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40,000. For both preparations the majority of the radioactiv-
ity was excreted within 72 hours. However, when the dose
was increased there was noticeable retention of a small frac-
tion of the preparation with higher MW, which they
observed was gradually eliminated. They also observed that
for the same dose of PVP there was generally lower accumu-
lation of K-14 in all tissues except the kidney and gastrointes-
tinal tract.

Although these experiments in general point to some
selectivity of uptake by the reticuloendothelial system, spe-
cific attempts to induce uptake into particular lymph nodes
has been largely unsuccessful. Studies were carried out
(Cameron and Dunsire 1983a, 1983b, 1984) in which three
grades of 'KI-PVP (K-12, K-17, K-30) were injected intramus-
cularly (1 and 10 mg/kg) into the leg of rats. Throughout a
period up to 78 days, animals were killed and the levels of
PVP in plasma, muscle and the popliteal lymph gland
(which drains the site of injection) were measured. Three
observations can be made. First, most of the radioactivity
(about 90%) was excreted within 3-4 days. Second, levels in
the muscle fell steadily over the period of observation (78
days) to reach 0.08% of the injected dose with PVP K-12 to
3% of the dose with PVP K-30. Finally, there was no consis-
tent change in the lymph node levels of PVP, which
remained relatively constant after the initial uptake. The PVP
levels in the lymph nodes were related to the molecular
weight: the higher the MW the more that could be detected,
once again reflecting relative excretion rates. The levels of K-
12 were in fact so low throughout as to prevent reliable mea-
surement. These results are discussed in greater detail in the
section on absorption.
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DISTRIBUTION OF PVP AS MEASURED IN

HISTOPATHOLOGICAL AND TOXICITY STUDIES
(see also Appendix 3C)

In 1949 Bull et al., referring to the work of Hecht and
Weese (1943), stated that, since PVP used for intravenous
infusion will contain polymers large enough to be retained
by the glomeruli, and since the polymers are unlikely to be
biotransformed, some storage should be expected.

Evidence from toxicity studies to show PVP accumulation
in the tissues following oral administration is contradictory
(see Chapter 9). It is only from experiments in which the PVP
was given intravenously that specific tissue changes have
been noted, and then generally this has followed injection of
large amounts, often given over a long period of time. For
example, Ammon and Muller (1949) injected PVP intraven-
ously into rabbits over several weeks or months until the
animals had received a total dose of about 30 g. Histological
changes “characteristic of lipid storage disease" were noted,
which in animals observed for up to 41 weeks after the end
of treatment showed no signs of reversal.

Nelson and Lusky (1951) obtained similar findings. They
administered 16 intravenous (ear vein) injections of 10 ml/kg
of 3.5% PVP (Periston) in distilled water to 4 male and 2
female rabbits over a 2-month period. There were no sys-
temic effects, but slight splenic enlargement was observed at
necropsy and foam cell storage phenomena were observed
in the spleen, lymph nodes, bone marrow, adrenal medulla,
liver, lungs and thymus (i.e., distribution involved the reti-
culoendothelial system). Also observed were "slight testicu-
lar atrophy, slight epithelial swelling and rarefaction of the
distal portions of the proximal convoluted renal tubules and
in the choroid plexus of the brain . . ."

A similar approach was used by Frommer (1956) in mice,
using three grades of PVP of average MWs 20,000, 40,000
and 125,000. They injected intravenously 0.5 ml of a solution
containing between 3.5% and 20% PVP on a number of occa-
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sions over a six-day period and examined the liver for histo-
logical changes at intervals up to 100 days after completing
the course of injections. They found that "foam cells"
develop in the liver only following multiple dosing, and then
only after a certain critical threshold quantity of PVP has
been administered (corresponding to a total body content of
0.1 g/kg). With PVP MW 40,000 this did not occur until the
volume of PVP solution administered exceeded the blood
volume. Comparative histology showed that the number of
foam cells produced by equivalent amounts of low, medium,
and high molecular weight PVP was in the ratio 1:2:6.

Ammon and Depner (1957) extended these observations in
mice, rats and rabbits, using PVP with average MWs of
12,600, 30,000, 37,000 and 500,000. They reported that tissue
retention of PVP was dependent on molecular size, with
retention occurring of the higher molecular weight material.

Upham et al. (1956) administering correspondingly large
amounts (75 ml of 3.5% solution by infusion) of PVP (MW
40.000) to rats, demonstrated the same type of storage on
histological examination. A foamy appearance was noted in
the endothelial cells, tubular epithelia and glomerular epi-
thelia of the kidney, in Kupffer cells in the liver and in mac-
rophages in the adrenal cortex.

In a longer-term study in rats, two PVPs with mean MWs
of 34,000 and 270,000 were administered intravenously over
a three-day period at doses in the range 0.5-2.5 g/kg (Mohn,
1960). Fluorescence microscopy revealed intracellular mate-
rial (assumed to be PVP) in the liver, spleen, lung and kid-
ney throughout the one-year period of observation.

Interesting studies on the mechanism of PVP-induced
granulomas in rat liver have been reported by Van den
Bogert et al. (1986). They used an experimental system that
involved continuous intravenous infusion of PVP (MW
40.000) . This normally caused the formation of numerous
large granulomas composed of clusters of phagocytic cells
which contained vacuoles that were thought, on the basis of
histological appearance, to be filled with PVP. Under the

conditions of their experiments, normal Wistar rats usually
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died within 2 weeks of continuous treatment (PVP doses of
up to 200 mg/kg/day continuously). On the other hand,
athymic (nude) rats were more resistant and survived for at
least 5 weeks. At that stage the livers of the athymic rats
were heavily infiltrated with phagocytic cells, but rarely
showed granulomas. Transfusion of thymocytes into the
athymic rats, however, led to extensive granuloma forma-
tion. This, together with other observations involving the
use of doxycycline, led the authors to conclude that the for-
mation of granulomas induced by PVP is a process which is
mediated by T-lymphocytes. The thymus-independent
actions of PVP are discussed later, in Chapter 8.

A comparative carcinogenicity study in the rabbit by Oettel
and von Schilling (1%7) has provided still further evidence
of PVP storage. Solutions of PVP (5-20%) K-20 (MW 12,000),
PVP K-30 (MW 28,000) or PVP K-60 (MW 220,000) were
given intravenously at monthly intervals up to one year.
Some of the animals were killed after only a few hours, while
others were allowed to survive for several years or until the
natural death of the animal (up to 7 years). While only iso-
lated accumulations of PVP were found histologically in the
liver and spleen with the lowest-weight material (K-20),
accumulations were noted not orUy in these organs but also
in the heart, lungs and adrenals with the higher molecular
weight PVP samples (K-30 and K-60).

It would seem therefore that histological changes can only
be induced if large amounts of PVP are administered intra-
venously for long periods, or if very-high molecular weight
PVP is injected intravenously. Certainly in one well con-
trolled study (Merkle et al., 1983) in which PVP was injected
intramuscularly with the specific intention of investigating
the histology of the muscle and of the lymph nodes draining
the site of injection, there was a notable lack of histological
change. Various grades of PVP (K-12, K-17, K-30 and K-90)
were injected into the flexor digitorum longus muscle of
Sprague-Dawley female rats at a dose of 0.2-2.0 mg on 1 or 5
occasions. The animals were killed 3, 14 or 45 days after the
last injection. Local muscle damage following the injection of
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all materials including saline (control) was noted on the third
day and a granulomatous reaction developed in the muscles
of some animals (again including the controls) at a later
stage. This was not thought to be PVP related. More interest-
ingly, however, the regional lymph nodes showed no spe-
cific reaction that could be attributed to the administration of
PVP, and there was no evidence of PVP accumulation. These
findings correlate well with the distribution studies
described earlier in which "*C-PVP was administered intra-
muscularly and which showed that, although PVP K-30
could be found in the muscle (1-4% of the injected radioac-
tivity) 30 days after injection, only trace amounts
(0.04-0.06%) of radioactivity could be detected in the drain-
ing lymph nodes (Table 8).

SUMMARY OF MAIN FINDINGS

1. Storage of PVP in tissues of rats, dogs and humans has
been reported following the intravenous administration
of very large amounts of PVP. Presence in tissues could
only be inferred due to lack of specific analytical proce-
dures for PVP.

2. The rate of disappearance of "*C-PVP administered intra-
venously to dogs is inversely related to the molecular
weight.

3. The elimination half-life of PVP (MW 40,000) adminis-
tered parenterally to experimental animals varies from 1.5
to 72 hours.

4. The removal of PVP from blood appears to be biphasic: a
rapid decline due to distribution and renal excretion of
low molecular weight material, followed by a prolonged
decline due to passage into lymph and tissues.

5. The movement of parenterally administered PVP into
lymph and lymph nodes is dependent upon the molecu-
lar weight and the dose of PVP administered.

6. Following intravenous administration of radio-labelled
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PVP to rats and rabbits, the highest concentrations of PVP
are found in liver, spleen, bone marrow and lymph
nodes; the highest total amounts are found in skeletal
muscles and skin (presumably due to the large masses of
these tissues).

Histological changes suggestive of storage of PVP ("foam
cells") are induced in experimental animals that receive
large amounts of PVP administered intravenously for
long periods of time. The extent of these changes is
dependent upon the molecular weight (greatest storage
with highest molecular weight). The aggregation of the
storage cells to form liver granulomas may be dependent
on T-lymphocyte function.



Storage of PVP in Humans

STORAGE OF PVP IN HUMANS FOLLOWING
INTRAVENOUS ADMINISTRATION

The early German literature contains reference to PVP
storage in humans following therapeutic use of the polymer
as a plasma expander (Shallock, 1943; Muller, 1946; Schoen,
1949). For example, in 1946, Muller reported that in infants
who had died from "alimentary toxaemia" and who had
been treated with PVP intravenously, the spleen and lymph
nodes had a pathological appearance which the author asso-
ciated with storage disease. Loeffler and Scudder (1953)
investigated the distribution and storage of PVP following
intravenous administration of 6 ml of a 10% solution of ‘re-
labelled PVP (MW distribution of 20,000-80,000 and an aver-
age MW of 40,000) to terminal cancer patients. No histologi-
cal evidence of PVP accumulation was found on autopsy 2-8
weeks later, although radioactivity was demonstrated in the
kidney, lungs, liver, spleen and lymph nodes. Traenckner
(1954b) reported on 300 adult patients who had received
large amounts of PVP (MW 20,000-80,000) intravenously.
Some had received as much as 28 liters of Periston (3.5%
PVP) over a 14-day period. Some of the individuals studied
were followed for up to 3 years. Persistent storage patterns
were observed in the spleen, bone marrow, kidney and liver.
In another study of 19 patients (and 51 rats), Traenckner
(1954a) reported that similar changes took place in the kid-
neys after administration of dextran, sucrose and gelatin.
Ruffer (1955) examined 20 patients 16 to 39 months after PVP

85
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infusions. Neither author reported any clinically detectable
changes in kidney or liver function.

There have been studies which show that massive
amounts of PVP can cause storage-related functional
changes in target organs. Gall et al. (1953) administered a
single infusion of 1000 ml of 3.5% to 4.5% PVP solution (MW
40,000; range 20,000-80,000) to 25 patients. This was equiva-
lent to about 0.5 g of the polymer per kg body weight. Serial
liver biopsies were obtained prior to infusion and 1.5 to 13
months later. The authors reported that "histological studies
of the liver revealed the appearance of basophilic globular
deposits ranging up to 50 microns in diameter. These lay
within Kuppfer cells or free in the sinusoids and were occa-
sionally accompanied by a mild inflammatory exudate." The
deposit rarely appeared before three months and was seen
uniformly after six months. The authors questioned the
nature of the deposit. A clinical and laboratory followup on
23 of the 25 patients originally treated with PVP was subse-
quently reported by the same investigators (Altemeier et al.,
1954). Observations included: slight or moderate elevation of
erythrocytes and hemoglobin, a temporary elevation in the
cephalin flocculation test in 11 patients; abnormal retention
of sulfobromophthalein in 5 patients; no changes in thymol
turbidity, total lipids, or serum bilirubin. There have been
other studies of changes in liver function following adminis-
tration of PVP with generally marginal positive responses
(Rheinhold et al., 1952; Rhoads, 1952). The study of Honda
et al. (1966) emphasized the large amounts of PVP necessary
to affect organ function following intravenous administra-
tion. They examined 144 cases in which 3.5% "middle molec-
ular" PVP was used as a plasma expander. They divided the
cases into four groups:

total use less than 69 g (90 patients)

total use of 70 to 99 g (21 patients)

total use of 100 to 139 g (20 patients)
total use of more than 140 g (13 patients)

=N
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Complications were recognized in 49 cases, and included:
pulmonary (sputum, hemoptysis, etc.), hepatic (jaundice),
renal (proteinuria, hematuria, etc.), intestinal (hematemesis,
tarry stool, etc.), wound (wound opening, unhealthy granu-
lation, etc.), and general complications (weakness, anorexia,
fatigue, fever, etc.). Dose-response relationships were dem-
onstrated for all complications except the pulmonary ones.
The percentages of each group with complications were 17,
43, 65, and 92, respectively. An evaluation of the data pre-
sented in the paper indicated that complications due to PVP
were limited below a total dose of 69 g but were to be
expected with total doses of 70 grams or more.

Kojima et al. (1967) published the most comprehensive
morphological study of PVP storage in tissues in humans.
They studied 34 autopsy cases from individuals who had
received intravenous PVP. In 27 cases, the average molecular
weight of PVP given was 24,800, and in 7 cases it was 12,600.
Most of the individuals died from neoplastic, cardiovascular
or inflammatory disease unrelated to PVP. Storage was char-
acterized by the presence of foam cells and/or massive
deposits of vacuolar amorphous clumps. The storage area
was generally basophilic in nature. The morphological find-
ings were as follows. With PVP of MW 24,800, with total
doses up to 70 g, there was little evidence of PVP storage in
any of the tissues. With total doses between 70 and 150 g
there was evidence of some PVP storage in liver, spleen,
bone marrow and I)nnph nodes. With total doses above 150 g
up to 1015 g there was evidence of marked storage in the
liver, spleen, bone marrow, lymph nodes and limgs, and
some storage in the heart, tonsils, gastrointestinal tract and
urinary bladder.

With PVP with a MW of 12,600 there was only minimal
evidence of storage in liver, spleen, bone marrow and lymph
nodes, with total doses up to 500 g. These data indicate that
storage is dose related as well as molecular weight related
and that the relationship of dose to storage is similar to that
described by the same group of authors with a different

group of patients referred to above (Honda et al., 1966). A



88 POLYVINYLPYRROLIDONE

number of other observations and conclusions were made.
In the kidney, histological changes were primarily mani-
fested as tubular vacuolation in the proximal and distal con-
voluted tubules and the loop of Henle. PVP storage was also
localized at inflammatory loci and surgical wounds. The
authors concluded from this that, as aresult, "... the repair
process of the inflammatory foci is markedly retarded, and
the defence mechanism against inflammation is also
impaired." There are no data which support this conclusion.
Similarly, the authors state that ". . .it may be reasonable to
assume that heavy PVP storage results in blocking the spe-
cific functions of the reticuloendothelial cells and further
impairing the resistance of the organism." This assumption
is questionable. When larger doses of PVP were adminis-
tered, it appeared to localize in the areas of neoplastic
lesions. They also noted that " ... widespread dissemination
and multiple cancer métastasés were recognized in several
cases, particularly marked in some cases infused with large
doses of PVP." This led the authors to accept this as ". . .
evidence that PVP storage promoted the growth and dissem-
ination of already present cancers." That large doses of PVP
encouraged métastasés is not supported by the data (that
PVP might concentrate in neoplastic lesions suggests the
possibility that PVP could be useful in focusing the delivery
of antineoplastic agents). Tanaka (1971) reported on the
autopsies of two patients, one suffering from chronic glo-
merulonephritis and the other from pulmonary tuberculosis.
The first died 39 months after receiving approximately 700 g
of PVP (MW 12,600) over a period of approximately 164
days. The second patient received 6-12 g of PVP (MW
12,600) intravenously daily to a total of 721 g. The patient
died approximately 2.5 years later. In both patients PW was
identified primarily in the liver, spleen lymph nodes, adre-
nals and choroid plexus. The authors claimed that "... low
molecular weight PVP induced renal disorders when admin-
istered in large doses." In both patients, the kidneys were
"... severely atrophic (on account of glomerulonephritis in
Case 1 and sclerosis of the arterioles in Case 2) . . ." The
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rationale behind the authors' conclusion that PVP caused
"renal disorders" is unclear. However, it should be pointed
out that the interpretation of the paper by Tanaka was based
on a translator's version. It is not clear whether disorder
implies dysfunction or merely abnormality.

Bubis et al. (1975) emphasized the diagnostic problems
which can result from failure to recognize PVP retention in
the tissues, and cited a particular case where the storage
mimicked congenital mucolipid storage disease. In admon-
ishing pathologists and clinicians on the effects of PVP reten-
tion, the authors indicate, for example, that in the case of
PVP storage, an ". . . incorrect diagnosis of metastatic
mucus-containing tumor may be made by examination of a
frozen section of an enlarged lymph node" (emphasis added).
Leder and Lennert (1972) studied the effects of PVP in lymph
nodes and reported that there was an inverse relationship
between the level of necrotizing granuloma and the dose
administered.

In addition to the above cases, PVP storage, as identified
by histological and histochemical techniques using both light
and electron microscopy, has been demonstrated in two
cases of meningiomas in Taiwanese patients who had previ-
ously received PVP as intravenous expanders (Chen et al.,
1985).

Fourteen other cases of PVP storage disease, during a 2-
year period, have been reported in Taiwan (Kuo & Hsueh,
1984) which were originally wrongly diagnosed as signet-
ring cell carcinomas. The authors emphasized the impor-
tance of the use of multiple staining techniques to ensure
that PVP-containing mucicarminophilic histiocytes should
not be mistaken for signet-ring cell carcinomas and
lymphomas.
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STORAGE OF PVP IN HUMANS FOLLOWING
INTRAMUSCULAR OR SUBCUTANEOUS
ADMINISTRATION ("DUPONT-LACHAPELLE
DISEASE") (See also Appendix 3D)

As mentioned in Chapter 4, PVP with an average molecu-
lar weight greater than 25,000 has in the past been used in
sustained-release pharmaceutical parenteral formulations.
For example, PVP prolongs the duration of action of vaso-
pressin, and was used extensively in Europe in pharmaceuti-
cal preparations intended for the management of diabetes
insipidus. The use of the preparation involved repeated sub-
cutaneous or intramuscular injections for protracted periods
of time. The apparent first report of PVP storage following
repeated intramuscular administration was by Towers in
1957. This particular case did not involve the treatment of
diabetes insipidus, but dealt with a 28-year-old woman being
treated for malignant hypertension with daily intramuscular
injections of hexaméthonium bromide-PVP. The treatment
continued for a period of one yeeir. The patient was adrenal-
ectomized 18 months after cessation of the treatment. At the
time of the operation, some enlarged para-aortic lymph
nodes were removed. Histological examination revealed
changes suggesting the presence of PVP, and the polymer
was considered the likely source of the enlargement. There
were no reported clinically observed effects attributable to
the PVP storage.

Delbarre et al. (1964) reported the first two cases of clini-
cally significant PVP storage following subcutaneous or
intramuscular injection in 1964. These involved the adminis-
tration of vasopressin-PVP preparations for the management
of diabetes insipidus in a 55-year-old man and a 42-year-old
woman who were treated with daily subcutaneous injections
of vasopressin-PVP for 13 and 10 years, respectively. Both
developed various signs of bone pain, and radiographic
examination showed osteonecrotic changes in the femur as
well as other skeletal sites. Biopsies revealed clear amor-
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phous accumulations in bone and in liver of both patients,
and in the lungs and ganglia of the male patient. No cutane-
ous manifestations were reported. The authors concluded on
the basis of histochemical staining techniques that the mate-
rial was most likely to be accumulations of PVP. The appar-
ent first description of the cutaneous effects of protracted
administration of PVP was reported by Dupont and Lacha-
pelle (1964), and the same case was described in greater
detail by Lachapelle in 1966. It involved a 36-year-old woman
with diabetes insipidus who received daily subcutaneous
injections of a vasopressin-PVP preparation for about 3 years
prior to the development of the first cutaneous lesions. The
lesions were described as rounded papules 3-4 mm in diam-
eter and brownish red in color. They were located at the base
of the neck in the upper thorax and less densely in the upper
limbs and waist. A biopsy of a papule revealed the presence
of histiocytes and giant cells loaded with an amorphous sub-
stance which was also found in a free state between the cells.
It was also occasionally noted in capillary endothelium.
Once the lesions had developed, it was another 3 years
before the final diagnosis was made, and during that time
the patient continued to receive the vasopressin-PVP
preparation.

Lachapelle estimated that over a 6-year period the patient
had received approximately 1,200 g of PVP (Lachapelle,
1966). Bazex et al. (1966) reported on the case of a 35-year-old
woman who had been treated with vasopressin-PVP by
intramuscular injection, initially four times a week and then
daily, apparently for about 5 years before skin eruptions
quite similar to those described above occurred. She also
demonstrated some joint symptoms, but these were appar-
ently not associated with PVP storage. Histological examina-
tion was similar to that described by Dupont and Lachapelle
(1964). Delbarre et al. (1964) referred to the storage as artifi-
cial thesaurismosis, and Lachapelle referred to the skin man-
ifestations as cutaneous thesaurismosis. Bazex et al. (1966)

suggested that the cutaneous storage syndrome be known as
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Dupont-Lachapelle disease ("maladie de Dupont et
Lachapelle").”

Interstitial PVP has also been identified from skin lesions.
Vilde et al. (1968) referred to the accumulation of PVP in the
muscle as causing a "pseudo-tumour" in a patient on pro-
tracted intramuscular therapy with vasopressin-PVP.
Cabanne et al. (1969) described intramuscular injection sites
in individuals receiving repeated therapy as showing inflam-
matory fibrosis which is "hyper-plastic" and "pseudo-
tumorous."

The most common clinically significant response to the
subcutaneous or intramuscular administration of PVP is the
cutaneous storage syndrome. In addition to the reports on
the cutaneous effects discussed previously, there have been
numerous other reports confirming both the clinical and his-
tological manifestations of this syndrome. Some of these are
discussed in detail below, but observations have also been
published by Cabanne et al. (1966), Chapuis et al. (1967),
Colomb et al. (1970), Duverne et al. (1971), Fartasch et al.
(1988), Géniaux et al. (1973), Hizawa et al. (1984), Lachapelle
and Bourland (1%7), Le Coulant et al. (1967), L'Epee et al.
(1969), Rimbaud et al. (1971), Thivolet et al. (1970) and by
Utfenorde et al. (1984).

Some reports have emphasized the role of lysosomes in
the formation of the lesions (Leung et al., 1970; Bojsen-
Moller et al., 1976; Reske-Nielsen et al., 1976). Generally,
there are many tissues involved in storage associated with
the subcutaneous or intramuscular administration of PVP.

- "Thesaurismosis" refers to cellular storage of large amounts of endogenous sub-
stance due to a metabolic disorder. "Thesaurosis" refers to the excessive storage of
endogenous or foreign substance in the body. Thus, it would seem that the latter
term is a more accurate description of the applicable situations with PVP. Both
terms are outdated. "Storage disease" is used to describe clinically manifested stor-
age of endogenous materials resulting from metabolic disorders. To avoid confusion
and misunderstandings of the toxicology of PVP, the following terminology is sug-
gested: Where storage results in a clinically manifested event, e.g., cutaneous pap-
ules or bone pain, "storage syndrome" preceded by the name of the tissue (e.g.,
"cutaneous storage syndrome," "bone storage syndrome") should be used. Where
storage occurs but without clinical manifestation, then just "tissue storage," "cuta-
neous storage," "liver storage," etc., should be used.
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These include lymph nodes (Moinade et al., 1977; Widgren,
1965; Caulet et al., 1968; Leder and Lennert, 1972), kidney
(Grunfeld et al., 1968; Fonck-Cussac et al., 1970), and liver
and spleen (Fossati et al.,, 1972). Plauchu et al. (1970)
described periocular infiltration of PVP in patients following
the prolonged use of vasopressin-PVP intramuscularly.
Localization in the bone has also been reported and was
expressed as a storage syndrome (Vilde et al., 1968). Others
have also reported localization of PVP in bone or bone mar-
row (Faivre et al., 1975; Bojsen-Moller et al., 1976, Reske-
Nielsen, 1976; Tereau et al., 1978), some with clinically rele-
vant signs of injury, such as spontaneous fracture
(Bojsen-Moller et aJ., 1976) and joint signs (Faivre et al,,
1975). Bert et al. (1972) reported on a case of a 54-year-old
woman who had received intramuscular PVP in association
with therapy for diabetes insipidus for nine years and a nasal
inhalant form of vasopressin-PVP for four subsequent years.
It was estimated that she had received approximately 3 kg of
PVP. The patient showed signs of an osteoarticular syn-
drome, though the authors did not verify the presence of
PVP in the bone or the synovia.

Although the patient described by Bert and his colleagues
(1972) did not show the usual cutaneous manifestations,
such as papules, nodules or infiltrate of patches which are
usually described following intramuscular or subcutaneous
administration of large doses of PVP, the patient did show
inflammatory masses in the gluteal muscles at the injection
site. The masses required surgical removal, and they were
found to be chronic granulomas, with histological appear-
ance typical of PVP localization. This patient also had pancy-
topenia, and biopsy revealed a complete disappearance of
hematopoietic marrow, atrophy of the trabeculae of bone,
and occupation of all medullary spaces by PVP-containing
histocytes. This appears to be the only hematologic syn-
drome which has been described in a patient with excessive
PVP tissue storage. This patient also displayed hepatomeg-
aly, a condition which was also described in a patient with a
similar background by Fossati et al. (1972). The massive
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amount of PVP stored by the patient described by Bert et al.
(1972) also appeared to have an effect on renal function.
Creatinine clearance (20.4-29.8 ml/min) was well below nor-
mal. This was associated with an infiltration of the renal
medullary interstitium by PVP-containing histocytes and
tubular atrophy. A number of cases of PVP-induced renal
lesions have been reported, but this is the only one with
reported diminution of renal function. Most renal changes
are manifested as vacuolation of the tubular cells. This com-
monly occurs with a number of substances which are not
degradable by lysosomal enzymes. Doolan et al. (1967)
showed that vacuologenic doses of EDTA had no effect on
renal function in the rat unless doses were massive enough
to cause vacuolation which disrupted the brush border of the
tubules. It would appear that this might have occurred in
this case, and that this effect, together with the infiltration of
histiocytes, resulted in functional renal damage. In a review
of published and unpublished clinical information up to
1979, Cabanne et al. (1969) classified the anatomical and clin-
ical characteristics of the storage of large amounts of PVP
resulting from the parenteral administration of repeated
doses over a protracted period of time. The primary lesions
were classified as infiltration of tissues by polymorphic histi-
ocytes, primarily vacuolated, and the interstitial deposit of
amorphous or granular substance. Associated lesions
included inflammatory reactions which were exudative or
granulomatous. This included the observation that “. . . it is
not unusual, as in the area of repeated intramuscular injec-
tions, that the inflammatory fibrosis becomes hyperplastic
and pseudo-tumorous." Site specificity included osteoarticu-
lar damage, cutaneous damage, adrenosplenohepatomegalic
damage, muscular damage in the injection area, and pulmo-
nary damage. Histiocytosis of the alveolar areas, including
the presence of giant cells, has been identified. Pulmonary
effects related to inhalation of PVP-containing hair sprays
will be discussed at the end of this section.

The summary prepared by Cabanne et al. (1969) accurately
reflects the histological and clinical observations made prior
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to the time of its publication. There have been no new obser-
vations revealed in the clinical observations published since
then, yet the recognition of tissue storage of PVP, or storage
syndrome, is often treated with the alarm of a "new discov-
ery" when it has been observed in recent years. The
"pseudotumors" have been a major focus of concern.
ITiough there were initial reports which suggested that PVP
is carcinogenic, available data do not confirm this. This is
discussed in greater detail in a later chapter. The presence of
"pseudotumors" and the confusion concerning carcinogenic-
ity resulting from an incomplete knowledge of the literature
can lead to faulty conclusions concerning the health risks of
PVP.

The tumorigenicity issue is a semantic problem which is
exacerbated by the multilingual nature of science. A tumor
may be simply defined as a swelling. Any increase in size of
tissue due to space-occupying material or hyperplasia is a
tumor. In the current atmosphere of regulation and public
concern as reflected by the communications media, and by
some scientists, the word "tumor" sometimes refers to a neo-
plasm. Caulet et al. (1968) referred to the lymphatic swelling
observed in one case of an individual having received paren-
teral PVP as a pseudotumor.' Couinaud et al. (1970) reported
the case of a 35-year-old man who was treated for 4.5 years,
parenterally and nasally, with vasopressin-PVP for the treat-
ment of diabetes insipidus. The patient suffered abdominal
pains and other symptoms which led to a possible diagnosis

'Again, there is a semantic problem which may bear on the interpretation of the
statements made. In English, using the prefix "pseudo" in association with a medi-
cal or pathological diagnosis carries an implication of "deceptiveness" in the diagno-
sis. That is, the condition carrying the prefix might be mistaken for the actual state,
e.g., "pseudohypoparathyroidism." The use of the word "pseudotumor" carries the
same implication. In this case, "tumor" obviously refers to a neoplasm rather than
to a swelling. The importance of the distinction can be seen from the paper by
Caulet et al. (1%8). The paper is in French and contains an English summary in
addition to the French summary. The French summary refers to a "pseudo-
tumeur." The authors' translation of that word in the English summary is not
"pseudotumoi" but "tumor-like." The latter does not have the same implication of
misleading diagnosis that the former has. There is a critical diagnostic difference
between something that "looks like a tumor" and one that might be "mistaken for a
tumor."
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of gastric or appendicular perforation. During surgery, a
nodular lesion of the greater omentum was discovered
which initially was considered to be a tumor. It was found
that the nodules were foreign body granulomas which the
authors concluded contained PVP. The patient had been pre-
viously withdrawn from steroids and the authors considered
the most likely cause of the clinical abdominal signs to be
adrenal insufficiency secondary to the steroid withdrawal
rather than from the PVP-containing nodules in the greater
omentum.

Moinade et al. (1977) reported on the case of a woman who
was treated with vasopressin-PVP. The amount of PVP
administered and the duration of treatment were not speci-
fied, but it was apparent that she had received cumulatively
large amounts of PVP. She had two painful indurated
masses at the injection site, and these masses contained PVP.
Three months later she presented with a "large tumor" of
both buttocks, though the tumor was not reported to be
neoplastic. They observed the presence of PVP storage in the
mass. This patient also showed renal dysfunction and had
ocular and adrenal lesions.

The amounts of PVP administered by subcutaneous or
intramuscular injection cited in the studies above are not
always described. It appears that a minimum of 200 g cumu-
lative dose of PVP is required before signs are noticed; with
some individuals, as much as 1 to 2 kg cumulative dose is
required. An exception to this was found in the report by
Gille and Brandau (1975). They reported the case of a 5*
year-old female patient who presented with thickening and
hardening of the left breast. Ultimately, extensive excision
was undertaken and a mass approximately the size of an egg
was removed. Granular tissue, foamy macrophages and
multinucleated cells were identified histologically. Histo-
chemical studies identified PVP in the mass. The case history
showed that the patient had suffered an injury 2 years previ-
ously which resulted in pain in her left breast. She injected a
preparation containing 100 mg PVP (MW 30,0(X)), 20 mg pro-
caine hydrochloride and 14.2 mg caffeine per ml directly into
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the breast. The intended use of the preparation was as a
prolonged action local anaesthetic. This patient injected a
total of 25 ml of the preparation over a period of 2-3 weeks,
which would amount to 2.5 g PVP. TTie resulting foreign
body reaction occurred from the retention of the PVP, which
would be expected because of the low circulation in the adi-
pose tissue in the breast. The PVP-laden mononuclear cells
were those which had reached the site as part of the inflam-
matory response. It was not an example of the storage phe-
nomenon per se. These findings suggest that caution must
be exercised when injecting polymers into an area of mini-
mal circulation.

Hoelscher and Altmannsberger (1982) reported the case of
a 69-year-old woman who had received injections of the
same preparation on both paravertebral sides in the neck
region for 9 years. It was estimated that the patient had
received approximately 50 g of PVP. The patient presented
with painhil swelling in the neck region and the appearance
of an apparent tumor which was diagnosed histologically as
a malignant xanthogranuloma. This was prior to the knowl-
edge that the patient had received the medication. The
tumor showed no nuclear polymorphism nor increase in
mitotic rate. Malignancy was suspected because of its size,
the large area of necrosis and the deep infiltration into the
musculature. Subsequently, PVP was histochemically dem-
onstrated to be present in the lesion. The same issue of
Deutsche Medizinische Wochenschrift contained an article by
Bork (1982) on the so-called pseudotumors associated with
PVP. He cited a case of a 48-year-old male who presented
with frontal and periorbital tumorous infiltrates. They devel-
oped after the patient had received a total of 55 g of PVP
from the administration of the PVP-procaine-caffeine prepa-
ration in those areas over a 10-year period. The original diag-
nosis was that of a xanthofibroma with its associated pessi-
mistic prognosis. History, clinical course and further
histological examination led to the conclusion that the
tumors were a PVP deposit with foreign body reaction.
There have been other similar cases of PVP storage and for-
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eign body reactions mistakenly diagnosed as malignant
tumors (Soumerai, 1978; Kossard et al.,, 1980; Wunsch &
Kirchner, 1981).

Hoelscher and Altmannsberger (1982) concluded that PVP
should not be used as a depot carrier for injectable drugs.
Any polymer which cannot be biodegraded at the site and
which is given in too large a quantity to allow for removal by
the blood supply before the administration of a subsequent
amount of material has the same potential for reactivity as
PVP. Gaffney and Casley-Smith (1981) repeatedly adminis-
tered plasma or PVP subcutaneously to rats. The plasma
proteins caused chronic inflammation in the skin and fascia
to a greater extent than did PVP.

FACTORS TO BE CONSIDERED IN THE USE OF
POLYMERS IN INJECTABLE PREPARATIONS

The following should be considered before injecting a
depot preparation that contains polymers:

1. the injection site

2. the molecular weight of the polymers
3. the amount of polymer injected

4. the frequency of dosing

Injectiorts into tissues with low blood circulation or mus-
cles with limited mass will delay removal of the polymer.
Furthermore, since removal from the site depends upon the
circulation, it is compromised if the circulation is not ade-
quate to remove the material injected. High molecular
weight compounds such as PVP depend primarily on the
lymphatic system for removal from intramuscular injection
sites (Greenblatt and Koch-Weser, 1976). Diffusion is
inversely proportional to the molecular weight. For example,
Sund and Schow (1964) measured the clearance rate of vari-
ous carbohydrates from rat muscle. Inulin with a molecular
weight of 3,000 to 4,000 had approximately 3 to 4 times the
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clearance of dextran with a molecular weight of 60,000 to
90,000. Mannitol (MW =182) had a 5-minute clearance,
approximately 15% greater than sucrose (MW =342). Inulin
had approximately one-third the clearance of sucrose and
approximately 3 times the clearance of dextran. This demon-
strated a log dose-response relationship, from which it can
be estimated that the clearance rate for a polymer with a
molecular weight of 30,000 would be 1.25 to 3 times that for
one with a molecular weight of 15,000. The work of Beres-
ford et al. (1957) suggests that this difference in clearance is
probably insignificant. They showed that intramuscularly
administered iron dextran (MW =10,000-20,000) was largely
absorbed during the 72 hours immediately following injec-
tion. During the first 48 hours after administration, there
was an increasing diffusion of polymer away from the injec-
tion site, with an increasing infiltration of macrophages as
part of an inflammatory reaction. After 72 hours, most of the
polymer present at the injection site was present within mac-
rophages. One week after the injection there was active
regeneration in the injection site.

STUDIES OF THE EFFECTS OF INHALED PVP

Bergmann et al. (1958) described clinical and histological
pulmonary inflammation which they attributed to the poly-
mers used in hair spray. This was based on the fact that
women who had used hair sprays daily for 2 to 3 years had
X-ray abnormalities that disappeared after discontinuation of
the use of the hair spray. A lymph node from one of the
patients was examined histologically and found to contain
unidentifiable granular phagocytosed material. This was
attributed to PVP, although the staining characteristics were
not clearly those of PVP. Since the first reports of these
observations in 1958, there has been substantial controversy
concerning the causal relationship between the use of hair
sprays and the development of pulmonary toxicity. The
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issue is clouded by the difficulty of determining whether
Storage has occurred and what form it takes, and by the fact
that hair sprays contain many polymers, including shellac
and vinylpyrrolidone-acetate copolymer.

There have been almost 100 publications concerning poly-
mer pulmonary toxicity from hair sprays. Cambridge (1973)
reviewed the publications between 1958 and 1972. This
included a description of 11 epidemiologic studies of hair
dressers, totalling 2,155 individuals. There were 12 cases of
tissue storage described-11 of them in a single study
(Gowdy and Wagstaff, 1972). Cambridge (1973) suggested
that, since there are a large variety of diffuse pulmonary
diseases, before labelling a condition as a storage disease
there should be some convincing evidence showing identifi-
able material in the lung or the lymph nodes. For example,
sarcoidosis is a granulomatous disease which, on the basis of
a Kveim test, may have been mistaken for a pulmonary stor-
age disease (Nevins et al., 1965). Bergmann et al. (1962) dis-
cussed other new cases of putative tissue storage syndrome
and concluded that there was a strong assumption, but no
proof, of an etiological relationship between the inhalation of
hair sprays and the storage syndrome. Lowsma et al. (1966a)
exposed rats to aerosols of PVP 5 days per week, 8 hours per
day, for 30 exposures. Histological sections revealed no
inflammatory response. However, macrophages laden with
granular material were present throughout the alveoli, and
staining results were compatible with the presence of PVP.
In another study by Lowsma et al. (1966b), in which the
particle size was carefully controlled (0.5-4 nm), similar
results were obtained. Cambridge (1973) exposed guinea
pigs to aerosols derived from commercial hair sprays for 6
hours per day, 5 days a week, for 1 year. No histopathologi-
cal changes other than progressive pulmonary lymphoid
infiltration were seen. The progressive pulmonary lymphoid
infiltration was also seen in the control groups. The data
reviewed failed to identify PVP, per se, as a particular threat
to health compared to other polymers.

A more recent review of pulmonary thesaurismosis due to
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PVP (Ameille et al., 1985) also considered that the true exis-
tence of this disease still had to be confirmed.

DISCUSSION CONCERNING THE DISTRIBUTION
AND STORAGE OF PVP IN TISSUES

In the introduction to Chapter 6, a number of questions
were posed regarding the distribution and storage of PVP
within the tissues. From the experiments so far described it
may be deduced that the manner and extent of PVP uptake
into tissues is dependent on a number of factors, such as the
molecular weight of the material used, the site of administra-
tion of the PVP, the time of observation after administration
and the amount of PVP given.

The pharmacokinetic studies show that once renal excre-
tion has been taken into account, then removal of PVP from
the plasma is dependent primarily on the transfer into
lymph and on uptake into tissues. In both cases the degree
of transport depends on the tissue involved and, at least in
the case of transfer into lymph, the molecular weight of the
PVP.

There is no evidence to suggest that molecular weight
alters the rate or extent of pinocytotic uptake by tissues. It is
likely nevertheless that in vivo the PVP taken up will be
largely of higher molecular weight simply because the pro-
cess of uptake is relatively slow and the lower molecular
weight material will be rapidly excreted by the kidney. One
of the most striking demonstrations of this fact was seen
histologically in the experiments of Frommer (1956) using
three grades of PVP (MWs 20,000, 40,000 and 125,000). He
showed that foam cells were produced in the liver in the
ratio 1:2:6 for the low, medium and high molecular weight
material respectively, reflecting the ease with which each
type of material is cleared from the body and thus the
amount of material remaining to be taken up into macro-
phages. However, it is important to note that he only
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achieved such concentration of PVP into a particular tissue
(to an extent that became obvious histologically) by repeated
injection of large amounts intravenously. Other experiments
have illustrated that uptake of PVP is actually a generalized
phenomenon which takes place into most tissues in the
body, and in absolute terms the highest uptake by single
tissues has been shown to occur in the skin and muscle. In
terms of relative uptake, however, the specialized phago-
cytic tissues still have a greater capacity to take up PVP, and
the largest concentrations per gram of tissue have generally
been found in tissues which contain a major part of the reti-
culoendothelial system, such as liver, spleen, bone marrow,
lungs and lymph nodes. On the other hand, when PVP was
injected intramuscularly in the rat in an attempt to investi-
gate uptake into the lymph nodes draining the site of injec-
tion, only a low concentration of radio-labelled marker in the
nodes was noted, and although the muscle content fell
steadily over the period of observation, there was no corres-
ponding increase in the lymph node concentration.

Thus, it is by no means certain that selective concentration
of PVP into RES cells occurs unless the renal excretory sys-
tem has been overwhelmed by injection of very large
amounts of material, and this generally only takes place fol-
lowing intravenous injection, especially of higher molecular
weight PVP.

It is from a consideration of the above factors that the
following recommendations regarding the parenteral use of
PVP have emerged.

The German drug regulatory body (Bundesgesundheit-
samt, 1983) has issued recommendations concerning the par-
enteral use of drugs conttiining PVP. For intravenous use,
drugs may be used containing an unrestricted (but identi-
fied) amount of PVP up to K-18. For intramuscular use, each
dose of drug should not contain more than 50 mg of PVP,
with an upper limit of K-18. Caution is advised on repeated
use in patients with poor renal function and the rare possibil-
ity of accumulation of PVP in the reticuloendothelial system,
and the production of foreign body granulomas should be
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considered. It is advised not to inject the material into tissues
with reduced perfusion, and different injection sites should
be used for repeated administration. These recommenda-
tions are appropriate, and could be adopted with advantage
by others.

The mechanisms involved in the uptake of PVP into reticu-
loendothelial cells and the consequences of this are dis-
cussed in the next chapter.

SUMMARY OF MAIN FINDINGS

1. Storage disease has been reported in some humans who
received large doses of PVP (greater than 70 g) adminis-
tered intravenously. Storage patterns (presence of foam
cells and/or deposits of vacuolar amorphous clumps)
were observed in spleen, bone marrow, kidney and liver.
These same patterns were reported following administra-
tion of dextran, sucrose and gelatin. Storage is related to
dose and molecular weight of the PVP administered. Mar-
ginal alterations to liver function have also been reported
following prolonged administration of high doses.

2. Parenterally administered PVP was reported to accumu-
late in neoplastic tissue.

3. Dupont-Lachapelle disease, cutaneous storage syndrome
or cutaneous thesaurismosis are terms used to describe
the apparent storage of PVP in humans following subcu-
taneous or intramuscular administration of large
amounts. Storage of PVP has been reported in lymph
nodes, kidney, liver, spleen, bone and bone marrow. A
minimum cumulative dose of 200 g of PVP is required to
elicit signs of PVP storage. Storage of PVP is dependent
on the molecular weight and the amount of PVP injected,
the frequency of injection and the site of injection (extent
of blood circulation).

4. There have been no reported unique pulmonary effects
following the inhalation of PVP sprays.
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Functional Consequences of
PVP Uptake by Body Tissues,
with Particular Reference to the
Reticuloendothelial System
(RES) and the Immune System

MECHANISM OF UPTAKE OF PVP INTO
BODY TISSUES

The pattern of PVP uptake by various tissues, as indicated
by the distribution and toxicity studies, undoubtedly points
to removal of material into the major sites of reticuloen-
dothelial cells in the body, e.g., spleen, liver, etc., as dis-
cussed in the previous two chapters. It is also clear that
extensive uptake occurs in other tissues, e.g., skin and mus-
cle. What is not totally clear is the mechanism by which this
occurs.

General considerations

It has already been established in relation to intestinal
absorption and renal excretion that only small molecular
weight PVP can pass through membrane pores. It is prob-
able, therefore, that uptake into tissues occurs as a result of
an endocytic mechanism. Two types of endocytosis have
been distinguished, namely phagocytosis ('cell-feeding")
and pinocytosis ("cell-drinking"), which is sometimes also

105
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referred to as fluid-phase endocytosis. The former may be
described as a receptor-mediated vésiculation process in
which attachment of particles to the receptor region plasma
membrane triggers their incorporation into a vesicle or pha-
gosome. Pinocytosis, on the other hand, is an ongoing pro-
cess in which very small vesicles (70-100 nm) are pinched off
from the cell membrane. It is the mechanism by which a
substantial part of the cellular uptake of extracellular fluid
takes place. It is thought that in the course of such transport,
other soluble material, including polymers such as PVP, may
incidentally be engulfed. There is some evidence to suggest
that substances adsorbing onto the plasma membrane can
act as a trigger-so called receptor-mediated micropinocyto-
sis, and many proteins (e.g., insulin, transferrin, maternal
IgG) pass into specific cells in this manner (Houslay and
Stanley, 1982).

A third process known as macropinocytosis has also been
described which is similar to phagocytosis except that no
particles are enclosed.

The outcome of such endocytic activity depends largely on
the nature of the material engulfed and on the cell type
involved, but a number of events are common. For example,
reversed pinocytosis or exocytosis can occur, both on the
same side of the cell and on the opposite side (i.e., transport
may occur). During passage through the cells two other pro-
cesses may take place. The pinosomes (or in the case of
phagocytosis, phagosomes) may coalesce with each other or
they may fuse with lysosomes to form pinolysosomes (or
phagolysosomes). If the engulfed material cannot diffuse out
and is not digestible by the lysosomal enzymes then accumu-
lation of pinolysosomes (or phagolysosomes) will occur
within the cell. The pinolysosomes will then coalesce until a
stable (i.e., low surface free energy) membrane state is
achieved. This generally results in the accumulation of pino-
lysosomal vacuoles which remain within the cell for a pro-
longed period of time. It has been suggested that this may
account for the foamy appearance of RES cells exposed to
high concentrations of PVP, the so-called "foam cells."
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STUDIES ON THE MECHANISMS OF PVP
UPTAKE (see also Appendix 3e)

A number of studies have been carried out which suggest
that uptake of PVP (MW 40,000) is by pinocytosis. Roberts et
al. (1976), for example, have investigated the uptake of PVP
into the visceral yolk sac by injecting it intraperitoneally into
pregnant rats at various times after gestation. This tissue was
used because it is known to transport material like IgG into
the fetus by receptor-mediated pinocytosis. When PVP was
injected on the 16th day of gestation and the epithelial cells
of the embryonic visceral yolk sac were examined 36 hours
later, the cells had a highly vacuolated appearance. A similar
effect was produced by Triton-139 (a lysosomal enzyme-
resistant detergent) when it was injected at a dose of 0.5 g/
kg. The authors suggested that PVP, when used in these
large doses, has vacuologenic activity. PVP has also been
used in rat isolated yolk sac in vitro cultures to measure the
effects of teratogens on pinocytosis (Marlow and Freeman,
1987).

Pinocytic uptake of PVP has also been demonstrated by
macrophages. Pratten et al. (1977) incubated rat peritoneal
macrophages in vitro with "“I-PVP (10 ng/ml) and showed
that it was taken up in a constant linear manner over a 10-
hour period. They also showed that if macrophages which
had already taken up labelled "*I-PVP over a 3-hour period
were then washed and re-incubated in fresh medium, the
cells rapidly released between 10 and 50% of the marker into
the incubation medium over a 10-minute period. Little fur-
ther loss of radioactivity took place after this. This implies
that much of the labelled PVP was probably loosely bound
on the cell surface.

The rate and mechanism of uptake are also dependent on
the molecular weight of the PVP (Duncan et al., 1981; Prat-
ten and Lloyd, 1986) so that very high molecular weight
material (MW 7 x 10¥) was captured several times more rap-
idly than PVP of molecular weight less than 100,000.
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Tissue with a high cell content of fixed macrophages might
thus be expected to take up PVP in large amounts, and
indeed this is confirmed by the tissue uptake studies, which
show particularly high levels of PVP in liver and spleen (see
earlier). However, there is evidence that such a process can
occur at other sites, including the gastrointestin” tract, thy-
roid, lymph nodes and kidney. The experiments of Clarke
and Hardy (1969a, 1969b), for example, describe pinocytic
uptake of PVP by intestinal cells in neonatal rats, and
although it was evident that such uptake declined markedly
as the animals reached maturity, the process was clearly
pinocytic.

Schiller and Taugner (1980) described a similar process by
cells of the proxirnal renal tubules, although it should be
added that this is by no means peculiar to PVP. Similar
uptake has been shown at this site for gelatin, inulin, dex-
tran and various proteins, all without impairment of renal
function. By taking autoradiographs of frozen sections of rat
kidney 15 minutes after intravenous infusion of “C-PVP K-
12, they showed the presence of radioactivity within the
tubules. If the kidney was perfused with isotonic mannitol-
NaCl to wash out the tubules, then PVP was apparent within
the epithelial cells. If sectioning was delayed until « hours
after injection, then most activity was found by autoradio-
graphy to be in the proximal convoluted tubules. On analy-
sis with high resolution electron microscopy the '"*C-PVP was
found to be in large lysosome-like bodies of a type frequently
observed after administration of macromolecular com-
pounds.

In contrast to this work suggesting uptake of PVP by pino-
cytosis, Regoeczi (1976) has presented evidence which on
the face of it suggests a phagocytic mechanism might be
involved. He used a technique (see Pharmacokinetics sec-
tion) in which he infused ”"T-PVP intravenously into rabbits
and then after a period of 65 hours (during which elimina-
tion of small molecular weight material took place) he com-
pared the radioactivity in the body as a whole with that in
the plasma. This enabled him to measure the rate of uptake
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of PVP into the reticuloendothelial system (or more correctly
the rate of removal from plasma). He then used a number of
maneuveres designed to alter the rate of uptake of material
by phagocytic cells. For example, he showed that intraven-
ous infusion of fibrinogen, a nonimmunological stimulus,
caused a 2.6-fold increase in the rate of uptake of "’I-PVP.
Creating a sterile subcutaneous turpentine inflammation had
a similar stimulant effect, which lasted for a period of at least
four days; by that stage the plasma level of radioactivity had
declined to such an extent that the level had become unde-
tectable. Regoeczi (1976) also demonstrated that immunolog-
ical stimuli had a similar effect. He gave an intravenous
injection of homologous antiserum to human serum albumin
(HSA) to rabbits who had already received ”’I-PVP 56 days
earlier. He then gave HSA and showed a delayed enhance-
ment of phagocytic activity some 12 hours later, i.e., during
the period of maximal acute phase reaction.

A number of important observations can be made from
this study. First, because the PVP leaves the circulation
rather slowly, one may assume that the phagocytic cells
have a relatively low affinity for PVP. Second, although the
stimuli used are known to affect phagocytosis per se, it is by
no means certain that the PVP is actually being cleared by
phagocytosis. If the PVP exists in body fluid free of associa-
tion with other macromolecules, then enhanced uptake
may be a secondary phenomenon due to increased endo-
cytic activity of the cell membranes with which it is associ-
ated. Alternatively, if PVP is associated with one or more
plasma constituents, then enhanced uptake could reflect a
change in turnover of the components, or it may simply be
that PVP forms a complex with the substances administered
(i.e., the HSA or fibrinogen) to enhance phagocytic
uptake.

It may be concluded that uptake of PVP into reticuloen-
dothelial cells in the body is most probably by a low affinity
pinocytic mechanism. However, in situations in which
phagocytosis is already active the PVP will be able to enter
the cells by this mechanism also.
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FUNCTIONAL CONSEQUENCES OF PVP UPTAKE
INTO BODY TISSUES

Because PVP may be sequestered into the reticuloendothe-
lial cells of the body, concern has been expressed regarding
the effect this may have on the functioning of such tissues.
Three aspects of this have come under scrutiny, mainly in
relation to possible impairment of the homeostatic defense
mechanisms of the body:

1. direct effect of PVP on the RES
2. PVP shock reactions
3. immunological effects of PVP

EFFECT OF PVP ON THE RES

Many polymers, including dextran (Farrows and Ricketts,
1971) and gelatin (Filkins and Di Luzio, 1966) inhibit reticu-
loendothelial activity. Caillard et al. (1976) reviewed the
interactions of macromolecules with the RES. The reports
about the effects of PVP on RES function are inconsistent. A
number of papers (Schubert et al., 1951; Stern, 1952; Maruy-
ama, 1960) showed that a reduction or blockade of RES activ-
ity could be produced by prior administration of PVP, but
there are also in the literature a number of observations
which show it to be totally without effect on RES function.

Experiments by Weikel and Lusky (1956) showed that
intravenous infusion into rabbits of 10 ml/kg of a 3.5% solu-
tion of PVP (MW 40,000) weekly for 12 weeks (a total of 8.4 g
to a 2-kg rabbit) reduced the phagocytic uptake of colloidal
AT-chromic phosphate into the RES by 58% compared with
untreated animals, affecting primarily uptake by the spleen.
Since distribution studies using PVP have not shown it to be
concentrated to any great extent by the spleen in particular,
until large amounts are administered, it is possible that this
phenomenon is associated only with the use of large quanti-
ties of PVP. The experiments of Smith (1959) would tend to
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confirm this suggestion. He gave 0.5 ml of 3.5% PVP (MW
40,000) to mice by intraperitoneal injection for 14 days (a
total of about 0.25 g, or 10 g/kg) and produced a similar RES
blockade, which inhibited the early clearance of Pasteurella
pestis from the lungs and delayed the dissemination of Pas-
teurella pestis to other tissues.

In general agreement with these findings are the experi-
ments of Alzetta (1967) and of Toyama (1965). Alzetta (1967)
reported that PVP with a molecular weight of 25,000
decreased the disappearance time of horse albumin from the
circulation of rabbits, while Toyama (1965), also using the
rabbit, but PVP with the much larger MW of 700,000,
showed a number of effects on the RES that indicated block-
ade. The PVP was administered intravenously (10-20 ml of a
1% solution) daily for 3 months. The author reported moder-
ate swelling of liver and bone marrow RE cells but no other
significant histological changes. A "severe" lymphocytope-
nia and a "mild" anemia were reported. RE cells in the
spleen were reported to be ". . . markedly swollen with giant
cell formation and complete disappearance of lymph follicles
being accompanied with extensive fibrotic change. ..  Also
reported was a". . . striking effect. . . in lymph nodes whose
reticulum cells in the follicles were blocked up with heavy
PVP deposition with poor lymphocyte production. . . ."
After the period of PVP injections, the animals were given
two intravenous doses of egg albumin (separated by 48
hours). Serum precipitin tests showed that there was a
"mild" increase of serum-antibody titer in the PVP-treated
animals.

Other work has shown that PVP is without demonstrable
effect on RES activity both in vivo and in vitro. For example.
Cans et al. (1967, 1%8) showed that if rat livers were per-
fused in vitro with 5% glucose solution containing 3% PVP
over a 30- to 60-minute period, there was no change in the
uptake of colloidal gold or of bovine serum albumin. Simi-
larly, PVP has been shown in vitro to be without effect on
phagocytosis of Staphylococcus aureas by guinea pig neutro-
phils (Grzybek-Hryncewicz and Podolska, 1968). Using PVP
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with a reported MW of 355,200, phagocytosis was neither
stimulated nor inhibited, but it did cause a decrease in the
opsonizing properties of guinea pig serum and a reduction
in serum complement titer. A similar effect was reported
with polyvinyl alcohol with a MW of 32,560, but not with
polyvinyl alcohol with a MW of 60,280 or 89,760, nor with
Ficoll (MW 405,000) or dextran (MW 60,000-70,000). In vivo,
Gelis et al. (1976) have shown that a single intravenous injec-
tion of PVP s ml/kg of 0.1%) did not affect the phagocytic
uptake of colloidal gold in the rat. Neither did an identical
dose of dextran. A modified fluid gelatin preparation
decreased the index between 3 to s hours after
administration.

Moody-Jones and Karran (1985) showed that divided
doses up to 20 g/kg of PVP (MW 40,000) over a four-month
period did not affect liver uptake of 99 m-technetium, indi-
cating no adverse effect on hepatic reticuloendothelial
function.

Pinocytotic activity generally leads to an increase in lysoso-
mal enzyme activity in actively endocytotic cells (Cohn and
Ehrenreich, 1%9). It would be expected therefore, that PVP
would cause an increase in lysosomal enzyme activity in RES
cells. This appears to be the case. Meijer and Willighagen
(1961) and Meijer (1%2) demonstrated that PVP (MWs
17,000, 50,000 and 640,000), administered intraperitoneally
to mice, caused an increase in the activities of the lysosomal
enzymes, acid phosphatase and beta-glucuronidase, in the
liver and spleen. They also reported that PVP was stored in
the Kuppfer cells in the liver and in the cytoplasm of the
reticulum cells of the spleen. In another study, Meijer and
Willighagen (1963) found that the increase in liver acid phos-
phatase caused by the intraperitoneal administration of PVP
(MW 12,600) in mice was not accompanied by a significant
change in the nonlysosomal enzymes, a result consistent
with enzyme studies in other reticuloendothelial cells follow-
ing stimulation of pinocytosis.

Studies in rat hepatoma cells in culture have also shown
that PVP K-25 and K-90 are without effect on alkaline phos-
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phatase activity, although effects are induced by other mac-
romolecules (Sorimachi and Yasumura, 1986).

One observation suggests that the extensive vacuolation
induced by large amounts of PVP does not result in a
decrease of intrapinolysosomal proteolysis. Work carried out
by Roberts at al. (1976) using the rat visceral yolk sac showed
that extensive vacuolation did not alter the digestion of
bovine serum albumin.

PVP SHOCK REACTIONS

It has been shown (Halpem, 1956) that when PVP (MW
40,000) was administered intravenously to dogs in large
amounts a shock reaction ensued similar to systemic ana-
phylaxis. This was not an immunologically mediated phe-
nomenon but was due to histamine release from mast cells
and was shown to occur in dogs but not rats. Since then,
there have been a number of other studies concerned with
the histamine-releasing properties of PVP. The clinical pic-
ture described by Halpern (1956) is that, within 2-3 minutes
following injection, the skin becomes erythematous, fol-
lowed by the appearance of urticarial wheals and general
pruritus. Blood pressure begins to drop within 1-2 minutes
of injection and the dog goes into shock. Recovery occurs
within one to two hours, though in hepatectomized dogs,
death is more likely (Adant, 1964). Other changes reported
to accompany PVP-induced anaphylaxis include transient
decreases in circulating platelets and granulocytes numbers
and in fibrinogen level (Adant, 1964) and an increase in
secretion of gastric juices (Halpem, 1956). Intravenous
administration in dogs was found to have no effect on the
motility of intestinal villi, mucus secretion or muscle tone,
although decreased motility and increased mucus secretion
were observed following injection directly into the mesen-
teric artery (Thasz et al., 196:i6).

Plasma histamine has been shown to be elevated within
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five minutes following intravenous PVP administration in
dogs (Halpern, 1956; Yamasaki et al., 1969; Ruff et al., 1967).
The early observations of the effect of PVP in dogs made by
Halpern further support the role of histamine in PVP-
induced anaphylaxis in this species. For example, intrader-
mal administration of PVP in dogs results in a typical wheal
and flare reaction, and prior administration of antihista-
mines (mepyramine, promethazine) blocks all the effects of
PVP with the exception of increased gastric acid secretion. At
the time of the early studies, the existence of two types of
histamine receptors had not been elucidated.

Following PVP-induced anaphylaxis, dogs are refractory to
a further challenge with PVP for up to six days (Halpern,
1956, Adant, 1964; Endo and Yamasaki, 1969). A number of
studies have been directed toward determining whether
cross-tachyphylaxis exists between PVP and other histamine
releasers. Studies have revealed no cross-tolerance between
PVP and Witte's peptone (Ruff et al., 1967), sinomenine or
compound 48/80 (Komoto, 1970). Some cross-tolerance has
been observed by Komoto (1970) between PVP and Tween
10. Individual dogs have been identified that are resistant to
the histamine-releasing activity of compound 48/80 and sino-
menine. These dogs respond to PVP and are refractory to a
secondary PVP challenge (Endo and Yamasaki, 1969). Dogs
made refractory to PVP are still reactive to endotoxin-
induced shock, which is not associated with a rise in plasma
histamine (Corrado et al., 1964).

Tolerance to PVP is thought to be due to the depletion of
the stores of histamine and the lack of cross-tolerance
between PVP and other histamine releasers due to different
sites of action. Nishiyama et al. (1957) measured the hista-
mine content of liver, skin and muscle before and after PVP-
induced anaphylaxis. Approximately 12% of the histamine
was released from liver, 50% from skin and 10% from mus-
cle. With compound 48/80-induced anaphylaxis, approxi-
mately 35% of liver histamine was released and 15% of skin
histamine. The pattern of release associated with Tween 20
was similar to that of PVP. In the same study, PVP added to
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in vitro samples of liver and skin caused the same amount of
histamine release from each. It appears that the differences
in the sites of histamine release due to PVP and 48/80 may be
due to differences in accessibility to the tissues. The only
other species in which PVP-induced anaphylaxis appears to
be adequately documented is in Charolais cows. During the
course of the testing of a vaccine in Charolais cows in France,
anaphylactoid reactions were observed which ranged from
mild congestion to death in one case. A careful evaluation of
the components of the vaccine allowed the isolation of PVP,
which was present as a pharmaceutical aid, and this was
considered to be the likely causative agent (J. Fois, personal
communication, 1981; Schwartz and Herscowitz, 1982). Skin
tests were done on reactive animals a year later with varying
responses. The greatest responses were obtained in cows
which had not been exposed to PVP the previous year. It is
assumed that this was the primary encounter of these ani-
mals with PVP though cross-reactivity with another antigen;
also, an unknown earlier exposure to PVP could not be elimi-
nated (Schwartz and Herscowitz, 1982).

There is no conclusive evidence that PVP induces anaphy-
laxis in any other species. It has been reported to have no
histamine-releasing activity in roosters (Lecomte and Beuma-
riage, 1956) or in rats (Halpem, 1956). But, subplantar injec-
tion of PVP (MW 25,000) in the rat resulted in a transient
edema similar to that induced by other irritants, including
histamine and compound 48/80 (Bonta and De Vos, 1965;
Bonta and De Vos, 1%7). The authors suggest that the effect
of PVP may be due to colloidal osmotic pressure, although no
consideration was given to the possible direct histamine-
releasing activity.

PVP-induced histamine release was examined in chopped
lung preparations from guinea pigs, monkeys and humans. No
release was observed from guinea pig lungs; release in the
range of 0.1% to 1.5% was seen from monkey lung prepara-
tions; and slight release was seen from one of three human
lung preparations tested. For purposes of comparison, PVP-
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induced release in this human specimen was 2 % and com-
pound 48/80-induced release was 10% (NichoUs, 1976).

There are no reported anaphylactoid reactions in humans
which have been identified as being caused by PVP. One
case was reported of a hospital worker who developed bron-
chial asthma as a result of exposure to a soybean powder
which contained 2% PVP. In this patient, allergy to the soy-
bean powder was confirmed, although the author stated that
the (hrect histamine-releasing action of PVP might have
played some role in the reaction (Peters, 1965). No support
for such activity of PVP in this patient or in any other sub-
jects was presented.

While it is generally accepted that PVP is a direct
histamine-releaser in dogs, many unanswered questions
remain. For example, some of the studies cited above sug-
gest that more detailed studies of PVP-induced histamine
release should be done in other species. In addition, the
mechanism of action of PVP remains incompletely explored,
and the possible contribution of such mediators as homocy-
totropic antibody or anaphylatoxin have not been thor-
oughly examined. In one study which examined the effects
of various T-independent antigens, including PVP, on the
activation of the alternate complement pathway (ACP), PVP
was reported to activate the ACP, resulting in the generation
of anaphylatoxin activity (Bitter-Suermann et al., 1975).
Because of the manner in which the study was conducted, it
was not possible to rule out a direct histamine-releasing
activity of PVP.

IMMUNOLOGICAL EFFECTS OF PVP

The immunogenicity of chemical antigens differs very
much in relation to their molecular weight and chemical and
geometrical structure. In the case of linear molecules with
repeating antigenic determinants, a T-dependent immuno-
logical response is commonly produced, although a low
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molecular weight may limit the ability to induce an immune
response.

A number of studies have investigated the potential immu-
nogenicity of PVP; one of the first was by Kerbel and
Eidinger (1971). They examined the effect of various antigens
in normal mice or mice that had previously been thymec-
tomized (with or without additional treatment with antilym-
phocytic serum). They found that in normal animals PVP
(grade not specified), when given intravenously, (o.1 g/
animal) produced only a minimal amount of antibody. How-
ever, in animals that had been previously thymectomized
and treated with ALS orjust treated with ALS, there was a 4-
fold increase in antibody titer during a 25-day period after
PVP injection. They concluded that PVP was a thymus-
independent antigen that produced a primary 19S immune
response, which seems to be a reasonable assumption.

Subsequent work by Rotter and Trainen (1974) confirmed
these results and went on to show that the potentiated
response to PVP K-15 and PVP K-90 seen in thymectomized
animals could be returned toward normal by thymus
implantation or by a single injection of thymic cells.

Since then, Zimecki and Webb (1978) have used both in
vivo (normal mice) and in vitro (whole spleen cell cultures)
indicators of immune function and have shown that the
extent of the primary 19S immunogenic reaction is depen-
dent on the molecular weight (or size) of the PVP used, at
least with respect to material with MWs of 360,000 and
40,000. However, they also showed that smaller molecules
(MW 10,000) can be immunogenic, but only in the absence of
significant numbers of T-cells, which appear to suppress the
B-cell activation.

In in vitro studies Van Buskirk and Braley-MuUen (1987a)
have shown that PVP is capable of activating either specific
helper T-cells or suppressor T-cells, depending on the
amount of PVP used in culture of mouse spleen cells. The
same authors have also shown that PVP has similar effects in
vivo (Van Buskirk and Braley-Mullen, 1987b).

With concern having been expressed about possible lymph
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node involvement in PVP storage, a further study was initi-
ated (Kaplan, 1984) to investigate the possible effect of
locally administered PVP on one aspect of immune
response, namely lymphocyte transformation. Three beagles
were inoculated with 50 mg of PVP subcutaneously in 0.5 ml
of phosphate-buffered saline into the front and rear right feet
on each of the days 1, 3, 5, &, 10, 12, 15, 17, 19, 22, 24, 26, 29
and 31. On day 16 the same dogs and three normal dogs
were inoculated subcutaneously into each foot with 50 /ig of
turkey gamma-globulin (TGG) in Freund's adjuvant. On
days 32 and 33 the right and left popliteal lymph nodes were
removed from the dogs and the in vitro response of the
lymph node cells to various stimuli was measured by their
ability to incorporate tritiated thymidine (lymphocyte
transformation).

It was found that there was considerable variability in the
response between animals. However, no difference in lym-
phocyte transformation was observed between the lympho-
cytes from nodes removed from the right side (PVP inocu-
lated) and the left side (control). It may be concluded that the
effect of the nonspecific T-cell mitogens, concanavalin A and
PHA was not inhibited by previous inoculation with PVP.

Furthermore, inoculation did not alter the proliferative
response of lymph node cells to specific antigen challenge
with PVP. A slight but statistically insignificant elevation of
mitogen response was observed in the controls receiving tur-
key gamma-globulin alone.

Similar studies have been carried out in mice (Hoshi et al.,
1986) in which PVP and other test substances, including
thymus-dependent and thymus-independent antigens, were
injected into the rear foot pad. The formation of germinal
centers and lymph follicles in the draining popliteal lymph
nodes was examined. PVP (MW 500,000) injection failed to
induce a recognizable plasma cell reaction, germinal cell
development or formation of new lymph follicles. The
authors concluded, on the basis of the histological changes
observed, that PVP is not very immunogenic.
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SUMMARY OF MAIN FINDINGS

1.

Evidence from a number of in vivo and in vitro studies in
the rat shows that PVP enters cells mainly by fluid-phase
pinocytosis.
PVP may also enter cells by phagocytosis where this pro-
cess has been stimulated by the presence of other
substances.

. The effect of PVP on the reticuloendothelial system (RES)

activity is variable and depends on the amount adminis-
tered. When injected intravenously or intraperitoneally in
large amounts, PVP reduces the phagocytic uptake of a
number of agents by the RES, i.e., causes blockade of the
RES. When given in smaller amounts, it has no demon-
strable effect on RES activity either in vivo or in vitro.
Pinocytotic uptake of PVP into liver and spleen is accom-
panied by an increase in lysosomal enzyme activity in
these organs.

A shock reaction has been reported following intravenous
injection of large amounts of PVP in dogs which is similar
to systemic anaphylaxis but which is not immunologically
mediated. It is associated with an elevated plasma hista-
mine level and has been ascribed to release of histamine
from mast cells. Similar reactions have been reported in
the cow, but not in rooster, rat or man.

. Unlike other linear molecules with repeating antigenic

determinants which induce a T-dependent immunologi-
cal reaction, PVP induces a T-independent reaction.
PVP injected locally produces no change in lymphocyte
transformation induced by nonspecific T-cell mitogens.
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Toxicological Studies on PVP

ACUTE TOXICITY

Data on the acute toxicity of PVP of various MWs in mice,
guinea pigs and rats have been tabulated in reports to the
Joint FAO/WHO Expert Committee on Food Additives
(WHO, 1980). LDs values range from 12 g/kg intraperitone-
ally in the mouse to 100 g/kg orally in the rat (see Appendix
4). Such high doses of PVP when given orally have been
shown to cause diarrhea in the dog, cat and rat, a fact which
can be attributable to the nonabsorbable osmotic load. The
dose required to produce this effect is species dependent but
normally greater than 500 mg/kg.

Acute tolerance studies have additionally been carried out
in rabbits, dogs and rhesus monkeys. No treatment-related
histopathological changes were observed in these species.

In the rabbit study (Neumann et al., 1979), PVP with a MW
of 50,000 was given by gavage in doses of 300, 900 or 2,700
mg/kg to groups of ten animals (5 male and 5 female). Con-
trols received 20 ml of distilled water and three additional
groups received hydroxypropylcellulose (HPC) at the same
doses as PVP. Behavior, external appearance, food consump-
tion, body weight, plasma enzymes and proteins, liver func-
tion and liver histopathology were all monitored. With the
exception of a slight inhibition of body weight gain in the
high-dose groups receiving either PVP or HPC, no
treatment-related effects were reported.

In both the monkey and dog studies the PVP was given
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intravenously, but even by this route no adverse effects were
noted until the dose of PVP exceeded 10 g/kg. At this level a
shock reaction was produced in both species which the
authors concluded was related to the viscous hypertonic
nature of the fluid injected. It was fatal in the moiikey but
not in the dog. Both experiments were performed by
Hazelton Laboratories USA, for the National Cancer Insti-
tute (Zendzian and Teeters, 1970; Zendzian et al., 1981). One
beagle of each sex was given 0,1, 3 or 10 g/kg of PVP K-30 by
intravenous infusion in a volume of 50 ml/kg. The animals
were observed for a period of 28 days. Immediately after
infusion of the highest dose the animals developed tremors
and/or subconvulsive movements, defecated, salivated and
showed depression and ptosis. They subsequently recov-
ered, and apart from sporadic changes in transaminase and
hematological values (which generally returned to normal
within : days) remained normal throughout the rest of the
study. At postmortem there were no gross or histological
changes that could be related to treatment.

In the monkey experiments a very similar picture is evi-
dent. Three adult animals were used; one female received 5
g/kg, one male 10 g/kg and the remaining female, 0.9%
saline. The higher dose, which was given as a 20% solution,
killed the monkey after only half of the dose had been
injected. Death was preceded by hyperactivity, bloody
mucoid discharge from the mouth and nose, coma and loss
of reflexes. At postmortem, although pulmonary congestion
and edema were observed, this was not considered to be due
to the chemical toxicity of PVP, but rather (as seen in the dog)
to the viscous hypertonic nature of the 20 % solution used.
Because of these problems the 5 g/kg dose of PVP was given
as a 10% solution. There were no immediate toxic effects of
this injection and the animal survived without obvious ill
effects until termination of the experiment 28 days later.
Only minor transient changes in blood chemistry with ele-
vated SCOT and SGPT levels were reported, and on histo-
pathological examination no compound-related histological
changes were seen.
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SUBCHRONIC TOXICITY

Subacute toxicity studies have been conducted in rats, cats
and dogs using PVP ranging in MW from 10,000 to 1,500,000
(Appendixes 5A and 5B). The PVP was administered at
doses of 5-10 g/kg by gavage or 2.5-10% by weight in the
diet over periods from 1.5 to 13 weeks. Many of the early
studies had insufficient numbers of animals and/or were
inadequately controlled and some of the findings are difficult
to evaluate. In general, however, such studies showed no
consistent treatment-related pathology, no abnormal histol-
ogy, and blood and urine analyses which were performed
were normal. Diarrhea, loose motions or fecal softening
were common findings at the higher doses. The more recent
controlled studies have confirmed this overall lack of effect.

Two rat and two dog studies are worthy of particular men-
tion. In the first rat study (Shelanski, 1959a) PVP K-90 was
administered at 2%, 5% or 10% by weight of the diet to
groups of 50 (25 male and 25 female) Sherman-Wistar rats
over a period of 90 days. Controls received normal diet.
There was no significant difference in the weight gain
curves, no consistent histological changes that could be
attributable to PVP were noted, and special staining tech-
niques for PVP were negative.

Similar findings were apparent in the second rat study
(Kirsch et al., 1972). Sprague-Dawley rats received 2.5 or
5.0% PVP K-90 by weight in the diet over a 28-day period,
after which it was reported that there were no toxic effects or
pathological or histological findings that were related to PVP
administration.

PVP K-90 was also used in both dog studies. In the first
(Shelanski, 1959b) four groups of four Beagles (2 male and 2
female) received 2%, 5% or 10% by weight of PW in the diet.
Controls received diet alone. The animals receiving 10% PVP
lost weight significantly, while those receiving control diet
gained in weight. Despite this there was no consistent
pathology associated with PVP administration, although
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special staining techniques for PVP revealed a positive reac-
tion in mesenteric lymph nodes in all four animals receiving
10% PVP, in 3 out of 4 receiving 5% PVP, 1 out of 4 receiving
2% PVP, and 1 with a slight positive reaction in the controls.
Shelanski (1959b) concluded that there was no significant
effect caused by 2% PVP in the diet when compared with the
controls.

In the second study (Kirsch et al., 1975) five groups of s
Beagles (4 male and 4 female) received 2.5%, 5% or 10% PVP
K-90, 10% cellulose, or diet alone over a 28-day period.
Loose motions and diarrhea were observed periodically in
the female animals receiving 2.5% PVP, but were seen con-
sistently in all animals receiving 5% or 10% PVP. No other
toxicity was reported, and at postmortem examination no
changes were noted that could be related to the substances
administered, although spleen weights were slightly raised
in female animals receiving 10% PVP.

The two controlled rat studies both failed to produce sig-
nificant changes at doses up to 10 % of the dietary intake,
which would indicate a no-effect level on the order of 5,000
mg/kg body weight. In the dog, 2% PVP in the diet was
shown to be without effect, which again would indicate a no-
effect level of about 5,000 mg/kg body weight.

PARENTERAL STUDIES

Local tissue tolerance

In studies carried out by BASF (1982, unpublished), local
tissue tolerance to single or 5 repeated intramuscular injec-
tions of PVP was studied in female Sprague-Dawley rats
using a similar protocol to the radioactive studies used by
Cameron and Dunsire (1983a, 1983b, 1984). Eight groups of 9
animals were injected with 200 0r 2,000 /xg/animal in a vol-
ume of 12 1 of PVP K-12, K-17, K-30 or K-90 (2,000 /tgof PVP
K-90 was not injected because it was too viscous) or saline. A
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second set of eight groups of nine animals was injected with
the same materials for 5 daily doses. Three animals were
killed from each group 3, 14 and 45 days after dosing, and
the site of administration (flexor digitorum profundus mus-
cle of the left hind limb) examined histologically as well as
the regional (popliteal iliac) lymph nodes.

After the single injections, there was evidence at 3 days of
nonspecific tissue damage in some animals of all groups
including controls, but by 14 and 45 days there was no evi-
dence of any histological damage at the injection sites in any
of the animals. After the 5 repeated injections, granuloma-
tous tissue changes, typical of a foreign body reaction, were
observed in s of 24 animals killed 3 days after treatment
ended, 5 of 24 killed 14 days after treatment and in 2 of 24
killed 45 days after treatment. No correlation was observed
with molecular weight of the PVP used, and it seems most
likely that the reactions observed were due to the trauma of
the injection procedures. No treatment-related effects were
observed in the regional lymph nodes.

CHRONIC TOXICITY STUDIES

A number of studies have been carried out to look at the
chronic toxicity of various grades of PVP (Appendixes ¢ A
and s B). Many of these have been part of an investigation of
the possible carcinogenicity of this material. The earlier work
was particularly concerned with potential dangers of intra-
venously and subcutaneously administered PVP in man,
and this route was used in many tests in animals. While
these have been referred to in relation to carcinogenicity, we
have in this section confined our attention to PVP given
orally. Three studies in rats and three in dogs are of interest.

The first study was by Shelanski (1957), who administered
PVP K-30 to 50 male and 50 female Sherman-Wistar rats at 0,
1% or 10% by weight of the diet over a two-year period. The
body weights of the top dose group were within 10 % of the
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control weights throughout. Hematological parameters at
15, 18, 21 and 24 months were all within the normal range.
Urine analysis at the same time intervals, including pH,
sugar albumin content and density, showed no differences
up to 15 months. Albumin was present in the urine of the
top dose group at 18 months and in all groups including
controls at 21 months. Although special attention was given
to histological investigation of the lymphatic system, no
gross or histopathological effects attributable to PVP were
found in these or any other organs.

With the exception of frequent fluid stools, no other effects
were observed. The author concluded that PVP adminis-
tered to albino rats in quantities up to 10 % by weight of the
diet was harmless.

In the second study (BASF,1978) 0,5% or 10% by weight
PVP K-25 was administered in the diet over a 2-year period
to Sprague-Dawley rats (50/sex/group). A second control
group was fed 5% cellulose in the diet. No effect was found
on food intake or body weight. No substance-related differ-
ences were found in hematological, clinical chemical or urine
analysis pcirameters. No gross or histopathological effects
were found related to treatment, and there was no evidence
of PVP storage in mucous membranes of the duodenum or
intestine or in the mesenteric lymph nodes.

A further study using PVP K-90 has been reported in
which PVP was administered at 1%, 2.5% or 5% of the diet to
groups of 75/sex/treated group and 125/sex/control group
Sprague-Dawley rats (BASF 1980a). Controls received 5%
cellulose. Groups of five animals of each sex were killed at
weeks 26, 52 and 104, and similar groups were allowed 13-
week recovery periods after cessation of dosing at these
times, and were then killed in weeks 39, 65 and 117. The
surviving male animals were killed at 129 weeks and the
surviving females at 138 weeks. These timings were neces-
sary in order to achieve a 70% mortality in the corresponding
control groups as part of the carcinogenicity test. A total of
450 rats underwent treatment, and no treatment-related
effects were observed on behavior, food and water intake.
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feces, body weight gain, hematology, ophthalmoscopy or
auditory tests. No treatment-related effects were observed
on organ weight or following macroscopic or histological
examination of a wide range of tissues. There was no evi-
dence of abnormal storage of PVP in the heart, liver, kidneys
or lymph nodes using special staining techniques.

In the dog studies, PVP K-30 was used throughout. Two 1-
year studies were carried out (Shelanski, 1958, and Wolven
and Levenstein, 1957, quoted by Burnette, 1962) on a total of
32 dogs. Only brief summaries of the reports were published
and the range of doses was not specified. These revealed no
toxic effects, but one of the studies showed slight evidence of
PVP assimilation from the gastrointestinal tract in the sur-
rounding lymph glands at levels over 5%, while the other
reported positive staining for PVP in the mesenteric lymph
glands. However, since similar staining was also reported in
the control animals, this latter observation must be viewed
with some caution. In the second dog study, 16 beagles (2/sex/
group) received 0%, 2%, 5% or 10% PVP mixed with 10%, & %,
5% and 0% Solka-Floc (a type of cellulose), respectively, in the
diet over a two-year period. Overall there were no treatment-
related effects, with the exception that swollen reticuloen-
dothelial cells were found in lymph nodes in the group receiv-
ing 10% PVP. There was some evidence for similar findings at
the 2% and 5% treatment levels, but to a lesser degree and less
consistently. No treatment-related effects on food consump-
tion, growth curves and hematology were observed. Postmor-
tem gross and microscopic examination of tissues revealed no
abnormalities. Since the swelling in the reticuloendothelial
cells in the lymph nodes seen at the end of the one-year
studies was similar in amount to that observed at the end of
the two-year study, this indicated that no cumulative or exten-
sive degenerative organ changes occurred in the second year
period (Burnette, 1%?2).
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REPRODUCTIVE TOXICITY STUDIES

Four tests have been performed, two in the rat and two in
the rabbit, using PVP with four different MW distributions
(see Appendix 9). In none of these was there evidence of an
embryotoxic or a teratogenic action.

PVP K-25 was examined for prenatal toxicity in two groups
of 25 female Sprague-Dawley rats. After mating overnight
with untreated males, the presence of sperm in the vaginal
smear was regarded as Day 0 of pregnancy. The PVP was
administered in the diet (10 % by weight) during the first 20
days of pregnancy to one group and the other group was
given plain diet as control. On day 20 all the animals were
killed and the fetuses removed. The body weight of the
dams was recorded, also the number of resorption sites and
the number of living and dead fetuses. The sex, weight and
length of living fetuses and the placental weights were deter-
mined. Each fetus was then examined macroscopically for
skeletal or organ malformations. Body weight gain in the
treated dams was slightly reduced but there was no other
evidence of toxicity in the dams. There were no malforma-
tions and no signiificant differences in the treated group in
any of the parameters measured when compared with
results from controls receiving normal diet (Zeller and Peh,
1976a).

In a similar study, PVP K-90 was given at 10% in the diet
during the first 20 days of pregnancy to a group of 30 female
Sprague-Dawley rats and a second group of 30 rats were
given plain diet as controls. All animals were killed on day 20
for examination as above. The body weight gain in the
treated dams was slightly reduced, but there was no other
evidence of toxicity in the dams. No difference was observed
in number of implemts, resorptions or incidence of malfor-
mations in the treated groups compared with the controls
(Zeller and Peh, 1976b).

Tests for embryotoxicity and teratogenicity were also con-
ducted in groups of 11-12 Russian Chbb:HM rabbits, follow-
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ing artificial insemination (regarded as Day 0 of pregnancy).
Doses of 50, 250 or 1250 mg/kg of PVP K-12 in saline were
given daily by intravenous injection from days 6-18 of preg-
nancy. Controls were either untreated or given similar vol-
umes of physiological saline intravenously. Caesarean sec-
tion was carried out on all the animals on the 28th day after
insemination. No adverse effects were observed on the dams
given 50 or 250 mg/kg PVP. In the group injected with 1250
mg/kg PVP, food intake was reduced slightly and = of the 12
dams showed trembling, rapid breathing and convulsions
lasting for approximately three minutes, following dosing on
the second day only. The pregnancy rate was between
91-100% in all groups, with no treatment-related differences.
There were no treatment-related effects on the number of
corpora lutea, live implants, resorptions or abortions. There
were no adverse effects on fetal weight or length or placental
weight; and no differences in the incidence of variations or
retardations. Only one malformed fetus was observed, and
that was in the saline control group (Hofman and Peh,
1977).

A study has also been carried out using PVP with an aver-
age MW of 11,500, which was injected into the yolk sac of 9-
day-old rabbit embryos (500 /ig/embryo in 0.1 ml). Seventeen
pregnant New Zealand White rabbits were used, and every
yolk sac in one horn was injected with PVP and in the other
horn with saline. Animals were killed on day 28. There was
no difference in percentage of resorptions or malformations
or in fetal weight or crown-rump length in the PVP-treated
fetuses compared with controls injected with saline (Claus-
sen and Breuer, 1975).

MUTAGENICITY STUDIES

Six investigations of the mutagenic potential of PVP have
been carried out, all of which indicate that PVP is without
mutagenic activity (Appendixes s A and s B).
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In vitro tests

2. Ames test

PVP K-30 up to 5 mg/plate (Clairol Laboratories, 1978) or as
3.5% solution (Bruce, 1977) showed no activity with or with-
out activation. PVP (up to 10 mg/plate) has also given nega-
tive results in the National Toxicology Program study (Zeiger
et al., 1987).

2. Mouse lymphoma

PVP K-30 was tested in the L5178Y mouse lymphoma
assay in a range of concentration from 1 mg/ml to 100 mg/ml
with and without activation. No cell toxicity or mutagenicity
was observed. EMS, MNNG and DMN were used as posi-
tive controls and showed expected activity (Kessler et al.,
1980).

3. Cell transformation test

PVP K-30 was tested in a range of concentrations from
1-100 mg/ml for ability to transform Balb/C 3T3 cells. No
activity was observed from PVP. MNNG was used as a posi-
tive control (Kessler et al., 1980).

In vivo tests
2. Dominant lethal test

Male mice were injected intraperitoneally once with 3.16 g/
kg of PVP K-30. No effects on conception, number of implan-
tations, percentage of live fetuses or mutagenic index were
observed (Zeller and Engelhardt, 1977).
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2. Bone marrow chromosomal aberration

Groups of five male and five female Chinese hamsters
were injected with 3.16 g/kgi.p. of PVP K-30. At 4, 22 and 46
hours later, the animals were injected with colcemide and
the bone marrow examined two hours later. 100 metaphases/
animal were examined and no effect of PVP was detected
(BASF, 1980Db).

CARCINOGENICITY STUDIES
(see also Chronic Studies)

Oral studies (see also Appendixes 9B and 9D)

Three studies have been carried out in rats. In the first
(Shelanski 1957), 0, 1% or 10% by weight of PVP K-30 was
administered in the diet to groups of 50 male and 50 female
rats for 2 years. Although the strain is not specified in the
final report, it seems probable from other evidence that the
strain was Sherman-Wistar. Half the rats were weanling
(average weight 57 g) and the rest young adults (average
weight 118 g males, 110 g females) at the start of treatment.
Survival was satisfactory, with 26 of each sex at 1%, 24 males
and 23 females at 10% and 27 males and 23 females in the
control group surviving at 2 years. No toxicity was observed
during the study except for 2-3% reduction of body weight
at the top dose level; however, this dose exceeds the top
dose currently recommended by the United States FDA of
5% of a test chemical in the diet, so it can be regarded as
acceptable. No treatment-related abnormalities were
detected in hematological examinations carried out in groups
of 10 rats at 15, 18, 21 and 24 months. One male and one
female per group were killed for autopsy at 18 months and 5
males and 5 females per group autopsied at 24 months. Vis-
cera were examined grossly with particular attention to the
lymphatic system, but only a limited number of organs (9 in
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all) were weighed and subjected to histopathological exami-
nation. There was no evidence of histopathological damage
and no evidence of carcinogenicity.

In the second study (BASF 1978), 0, 5% or 10% by weight
of PVP K-25 or 5% cellulose as control were administered in
the diet to groups of 50 male and 50 female Sprague-Dawley
rats for a period of 2 years. The rats had an average weight of
100 g at the start of treatment. Two control groups were
used, one given just plain diet and the other given 5% cellu-
lose in the diet. No dose-related toxicity was observed dur-
ing treatment, and at term the numbers of animals surviving
and available for examination were 5% PVP males 35,
females 26; 10% PVP males 38, females 31; 5% cellulose
males 34, females 31; absolute control males 40, females 38.
Hematological examination was carried out in 10 rats per sex
per group at 2, 4, 10, 16 and 24 months without evidence of
toxicity. All surviving animals were necropsied at termina-
tion, and histological examination of the major tissues
revealed no evidence of PVP storage or pathology, and the
incidences of benign and malignant tumors were within nor-
mal limits in all groups.

In the third study (BASF 1980a) the higher molecular
weight PVP K-90 was fed at 1%, 2.5% or 5% of the diet to
groups of 75 male and 75 female Sprague-Dawley rats or 5%
cellulose as control to 125 males and 125 females. Rats were
37-39 days of age (101-119 g) at start of treatment. Hemato-
logical examination was carried out in all surviving animals
at the end of the study only. There was no evidence of dose-
related toxicity. A total of 30 rats/sex/group were killed for
examination at 26, 52 or 102 weeks. The remaining rats were
killed when survival was 70% in the control groups, i.e., at
129 weeks for males and 138 weeks for females. At that time
the numbers surviving in the various groups were 1% PVP 9
males, 25 females; 2.5% PVP 10 males, 32 females; 5% PVP
16 males, 27 females; controls 36 males, 37 females. Eleven
major organs were weighed in all animals at autopsy and
essentially a full range of organs (33 in all) subjected to histo-
pathological examination. No evidence of carcinogenicity
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was found. The tumor incidence in the highest dose group
did not show any influence of the test compound in respect
to the nature, localization, number of affected animals, time
of occurrence or ratio of benign to malignant.

Parenteral studies

Danneberg (quoted by Shubik and Hartwell, 1957) admin-
istered PVP “200 mg daily (total dose 200 g)" (molecular
weight not stated) intravenously to 52 hybrid rats. The dura-
tion of the experiment was 32 months. There were 40 survi-
vors at one year. There were tumors attributed to the PVP.
Only one spontaneous uterine carcinoma after 12 months
was reported. Lusky and Nelson (1957) published an
abstract of a study in which 30 rats received subcutaneous
injections of PVP (s %) at a dose of 1 ml/week, the molecular
weight not identified. In addition, similar experiments were
done with carboxymethylcellulose (CMC), 2%; Tween 60,
6 %; and dextran, s %. The rats were evaluated after 73 weeks
for injection site tumors. Each group consisted of 30 rats
consisting of 10 male and 10 female Osborne-Mendel rats
and 10 male Bethesda black rats. Injection site tumors were
identified in the CMC (43% incidence), PVP (43% incidence),
and Tween 60 (17% incidence) groups. There were no sex
differences and incidence tended to be somewhat higher in
the Bethesda black rats. The authors identified the injection
site tumors as “. . . fibrosarcomas of moderate histological
malignancy." A thorough survey of the post-1957 literature
failed to reveal a full paper by these authors. The route of
administration in their experiments is similar to that which
resulted clinically in granulomas and cutaneous storage
effects (which were described earlier). It will also be recalled
that such a phenomenon has also been mistaken for a malig-
nant tumor.
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HUEPER STUDIES ON PVP

Extensive early studies on the carcinogenicity of PVP were
conducted by Hueper (1957, 1959, 1%1). In the first study
(Hueper, 1957), four forms of PVP were used, one of which
was supplied by GAP (designated PVP I) and three by
Schenley Laboratories (designated PVP II, PVP IIl and PVP
rV). None were used for medicinal purposes. PVP 1 was
identified as K-20 (MW 20,000; range 5,000-40,000), PVP II as
K-22 (MW 22,000; range 5,000-40,000), PVP III as K-30 (MW
50,000; range 10,000-80,000) and PVP IV K-62 (MW 300,000;
range 100,000-1,000,000). "The four PVP's were implanted in
powdered form into the subcutaneous tissue at the nape of
the neck and into the abdominal cavity. The individual dose
was 200 mg for mice and 500 mg for rats." Twenty-five male
and 25 female C57 black mice and 30 female Bethesda black
rats were used for each route. In another series of experi-
ments, each of the four PVPs was injected intravenously
(femoral vein) to a group of 15 female rats at a dose of 2.5 ml
of a 7% solution weekly for s weeks. All survivors were
sacrificed at the end of 23 months from the start of the exper-
iment. Hueper reported "tumors of the lymphoid and reticu-
loendothelial tissues, carcinomas of the uterus, skin, ovary
and breast, and various benign tumors of some of these
organs. The sites of the tumors were closely related to the
sites at which PVP was retained . . ." He described 3 waves of
tumors: reticuloendothelial sarcomas, Kupffer cell sarcomas
and various carcinomas. For purposes of this discussion,
lymphosarcomas, reticulum cell sarcomas and Kupffer cell
sarcomas will be considered as RES sarcomas. It is difficult to
summarize the nature of the controls used for this experi-
ment, but the author states: "There were two sets of controls
for the test series of C57 black mice. The first group was 75
untreated C57 black mice. The second was 954 of the C57
black mice that were used in other long-term experiments in
which these animals were challenged by various chemical
agents by either cutaneous applications or intramuscular
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Table 10. Tumor Incidence in Mice Given Subcutaneous or
Intraperitoneal Implants of PVP*

Average MW RES

Route of PVP Sarcomas Carcinomas
Subcutaneous 20,000 0/50 0/50
(200 mg) 22,000 3/50 0/50
50,000 0/50 0/50
300,000 1/50 0/50
Intrap»eritoneal 20,000 0/50 0/50
(200 mg) 22,000 1/50 0/50
50,000 3/50 0/50
300,000 0/50 0/50

*See Hueper (1957) and text.

injections (carbon adsorbates of raw and filtered waters . . .
Bergius coal, oils and tars . . . Fischer-Tropsch oils), in order
to elicit chemospecific cancerous responses or to stimulate
and precipitate the development of tumors from tissues pos-
sessing hereditary or congenital liabilities to such develop-
ments." The results obtained with the PVP implants are pre-
sented in Table 10; no carcinomas were reported. In a study
of rats in the same paper, the incidence of carcinomas in the
animals was described. It is assumed that if carcinomas were
observed in the mice, they would have been described.
Benign tumors were also described in the rat study. Only
one was mentioned in connection with the mouse studies.
The only information that was given on the "controls" was
that the incidence of tumors was ". . . 0.4 percent for controls

. [and] . . . such tumors occurred only in controlled mice
painted with carcinogenic oils" [whatever that may mean-
Authorsj.

Studies with rats are described in another part of the same
report (Hueper 1957). The "controls" for the rat study were
also confusing. According to Hueper (1956), there were three
types of controls. "The first group was normal, untreated
rats of the Bethesda black strain (80 rats). The second was
Bethesda black rats either parenterally injected with various
chemicals (sheep fat, chromite-ore roast, uranium oxide) or
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Table 11. Tumor Incidence in Female Rats Given PYP*

Average MW RES Benign

Route of PVP Sarcomas Carcinomas Tumors
Subcutaneous 20,000 7/30 0/30 3/30
(500 mg of 22,000 0/30 1/30 3/30
powder/animal) 50,000 9/30 0/30 5/30
300,000 7/30 1/30 3/30
Intraperitoneal 20,000 7/30 4/30 3/30
(500 mg of 22,000 2/30 0/30 3/30
fX)wder/animal) 50,000 5/30 0/30 5/30
300,000 12/30 0/30 2/30
Intravenous 20,000 2/15 1/15 0/15
(175 mg/animal 22,000 0/15 1/15 1/15
weekly x 8 wks) 50,000 7/15 0/15 1/15
300,000 2/15 1/15 0/15

'See Hueper (1956, 1957) and text.

exposed to the inhalation of metallic-nickel dust and
chromite-ore dust and surviving in part for more than ::
months (233 rats: 178 females, 55 males). The third group
was Bethesda black rats that have received parenteral
implantations of various types of dextran (240 female rats).
The entire control group of 553 rats consisted of 453 females
and 100 males."

Apparently, these animals were not observed for the same
length of time as the animals which had received PVP. It is
also questionable whether they were observed during the
time that the PVP-treated animals were observed. Not all the
animals described as controls died during the observation
period, so that the only animals on which there appears to be
pathology data are those which died during the study. The
results from the PVP-treated animals are in Table 11 and the
results from the "control" animals are in Table 12.

Hueper (1957) concluded that the mouse and rat data sug-
gest that ". . . parenterally introduced . . . [PVP] ... (1)
favors the development of tumors of the lymphoid and RES
in mice and () seems to be causally related to the appear-
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Table 12. Tumor Incidence in Rats Used as Controls for PVP Study'
Months of Number RES

Group Sex Observation Died  Sarcomas Carcinomas
Untreated M 9 2 0 0

F 13 23b 1 0
Exposed to M 21 44c 0 0
various agents F 21 129d n 0
Exposed to F 15 68 2 0

dextran implants

See Hueper (1957) and text.

"0 died in 0-3 months, 2 died in 4-9 months.
‘12 died in 0-3 months, 9 died in 4-9 months,
“11 died in 0-3 months, 17 died in 4-9 months.

anee of benign and malignant neoplasms of various organs
and tissues in the rats." These studies were poorly designed
and inadequately and inappropriately controlled. Neverthe-
less, the index of suspicion for a causal relationship between
the implantation of PVP powder and the occurrence of RES
sarcomas is suggested. However, the assumption of a causal
relationship between PVP and the occurrence of various car-
cinomas (all of which are commonly known to be spontane-
ous tumors in rats) and benign tumors is without adequate
scientific foundation.

A similar study was again reported by Hueper (1959). This
report contains new data and data reported elsewhere
(Hueper, 1957; Hueper, 1961). Data in this paper (Hueper,
1959) that do not appear in either of the other two papers
include the results of studies in which PVP was administered
intravenously as a 7% solution to Dutch rabbits. The forms of
PVP tested appeared to be those used in the previous study
(Hueper, 1957). The dosing data are given in a table in which
it is indicated that a total dose of 22 g was administered in
single doses of 2.5 g. The frequency of administration was
not indicated. (It is also recognized that 22 is not evenly
divisible by 2.5). The rabbits were observed for "up to 4
years." No tumors were reported.

In the same report (Hueper, 1959), data were given on the
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administration of PVP with an average molecular weight of
10.000 to mice and rats as a subcutaneous or intraperitoneal
implant of the powder. The dose for mice (C57 black) was
200 mg; the dose for rats (Bethesda black) was 500 mg. The
group size for mice was 30 and for rats 20. The .. maximal
observation period . . . was two years." No tumors were
observed in the mice which received the subcutaneous
implant; one lymphoma and one mesothelioma of the peri-
cardium were seen in mice which received the intraperito-
neal implant. Four RES sarcomas were reported in the rats
receiving subcutaneous implants; three RES sarcomas were
seen in the rats which received the intraperitoneal implants.
In the IARC Monograph on PVP (WHO, 1979), the intraperi-
toneal implant of PVP is erroneously identified as an ". . .
i.p. injection of a PVP with a molecular weight of 10,000
... ." The distinction between an i.p. injection and an i.p.
implant is critical, since it appears that the RES sarcomas are
derived from a foreign body tumorigenic mechanism (see
discussion below). Intraperitoneal injections of a substance,
presumably in solution, would not be expected to be a likely
cause of foreign body tumors.

Based on similar studies, Hueper also concluded that poly-
vinyl alcohol and dextran produce RES sarcomas (Hueper,
1959).

In a third study, Hueper (1961) emphasized molecular size
as a study criterion in experiments with rats and rabbits. The
study also involved the use of concurrent controls. Four
forms of PVP were utilized, the first two of which were spe-
cially prepared by BASF. The first was PVP K-17, having an
average molecular weight of 10,000 and a range of 2,000 to
38.000 with the major fraction being between 5,000 and
15,000. The second form was PVP K-25, having an average
molecular weight of 18,000 with the major fraction having a
range between 15,000 and 30,000. These averages for K-17
and K-25 are different from those which had been reported
previously. Two other forms of PVP were used, both having
an average molecular weight of 50,000. One was made by
GAF and the other by BASF. The materials were adminis-
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Table 13. Tumor Incidence in Rats and Rabbits Given PVP as an
Aqueous Solution*

Total Amount RES

Species PVP Type Administered = Sarcomas  Carcinomas

Rat K-17 20g 3/35 2/35
K-25 20g 1/35 2/35
50,000 (GAP) 9.0 g 2/20 0/20
50,000 (BASF) 90 g 2/30 3/30
Control 9.0 g 2/30 3/30

Rabbit K-17 622 ¢g 0/6 0/6
K-25 622 g 0/6 0/6
Control 0/2 0/2

“See Hueper (1%1) and text.

tered intraperitoneally in concentrations of 20% or 25% in
divided doses over a period of approximately s to 10 weeks.
Maximum survival was 24 months for rats and 28 months for
rabbits. The data from the studies are shown in Table 13.
Hueper concluded that the ". . . various types of cancers
observed in the four series of animals receiving PVPs were
identical in location and in structure with those seen in the
control rats. . . [and in] . . . none of the test series were
cancers more frequent than in the control series." In this
study, as in the previous two studies (Hueper, 1957, 1959),
Hueper noted the RES storage of PVP. Noting the absence of
tumors in one group of rats which received the 50,000 MW
PVP, Hueper stated ". . . the total absence of cancers among
the rats receiving a solution of [that form of] PVP produces
the impression that the massive storage of this PVP had
hindered somehow the development of spontaneous can-
cer," i.e.,, PVP had an apparent anticarcinogenic effect. He
cited the work of Stern et al. (1956), which reported a lower
total incidence and a higher number of tumor-free old
females in PVP-treated mice born of PVP-treated mothers
(C3H). Treated parents and treated offspring received 24
subcutaneous injections of PVP (molecular weight not
specified).
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Other studies (BASF, 1958, BASF, unpublished)”were con-
ducted to evaluate the potential carcinogenicity of PVP. In
one study, PVP K-17 and PVP K-25 were administered intra-
peritoneally as aqueous solutions to male and female
Bethesda black rats (received from Hueper), 5 g/kg at
monthly intervals for a total of three doses. Two control
groups were utilized. One was a manipulation control where
the rats received distilled water intraperitoneally. The other
was untreated. The number of animals in each group were;
PVP K-17, 21 males and 21 females; PVP K-25, 36 males and
36 females; manipulation controls, 36 males and 36 females;
untreated controls, 52 males and 21 females. No sarcomas
were identified in the PVP K-17 group; 3 were identified in
the PVP K-25 males; 1 was identified in the manipulation
control males; and none were identified in the untreated
controls. There were no significant differences in the inci-
dences of carcinomas and benign tumors among the treated
and control groups (BASF, 1958).

In another study (BASF, unpublished), Sprague-Dawley
rats received a single subcutaneous implantation of PVP K-
30, 500 mg. The controls were untreated. The treatment
group contained 25 animals and the control group 12 ani-
mals. The average survival time of the treated group was 20
months. No sarcomas were observed in either-group, nor
was there a significant difference between groups in overall
tumor incidence.

DISCUSSION OF THE PARENTERAL
CARCINOGENICITY STUDIES

The development of sarcomas from the presence of undis-
solved PVP is probably a form of foreign body tumorigene-
sis. Foreign body tumorigenesis is probably a multistage
development process where the physical presence of the for-*

*Two of the authors reviewed all the original data cited. The conclusion that PVP is
neither carcinogenic nor tumorigenic is supported by the data.
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eign body, rather than its chemical composition, is the
important étiologie factor. Sarcomas which result from the
subcutaneous implantation of foreign bodies arise at the
implantation site, but are capable of infiltration and metas-
tases (Carter and Roe, 1969; Johnson et al.,, 1970; Brand et
al., 1975). Since the subcutaneous administration of PVP did
not result in métastasés, PVP appears to differ from other
“foreign bodies." A comprehensive and informati’-e review
of foreign body tumorigenesis has been published (Brand et
al., 1976).

One current reference book states that "PVP parenterally
in mice and rats is an established carcinogen" (Gosselin et al.
1976). The statement is made even though none of the refer-
ences cited were concerned with the carcinogenicity of PVP.
Available scientific data do not support the conclusion that
PVP is a carcinogen. The history of the assessment of the
carcinogenicity of PVP presents an interesting case for a cri-
tique of the assessment process itself, and also for the man-
ner in which older studies are interpreted.

Foreign body tumorigenesis notwithstanding, the data
and opinions discussed thus far do not support or even
encourage the perception that "PVP is an established carcin-
ogen." Ashwood-Smith (1971) stated that "concern about the
possible connection between PVP and cancer has led to
greatly reduced use in clinical practice." It is more likely that
the reduced use of PVP as a plasma expander was a result of
concern about tissue storage phenomena rather than cancer.
Also, the methods developed for the treatment of hypovole-
mic shock by the U.S. military during the Vietnam war, and
subsequently used in civilian practice, were directed away
from the use of plasma expanders.
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ANTICARCINOGENIC ACTIVITY OF PVP

The apparent anticarcinogenic effect of PVP has been
described in a number of reports (Hueper, 1961; Stern et al.,
1956). Chevallier et al. (1961a) reported that the carcino-
genicity of 3,4-benzop)n’ene administered intramuscularly in
the rat is decreased when the carcinogen is administered in a
solution containing 40% PVP. In a subsequent study
(Chevallier et al., 1% 1b) the authors tested the hypothesis
that PVP was binding benzopyrene competitively with local
protein such that the benzopyrene was eliminated with the
PVP rather than remaining at the site of injection. The
hypothesis was confirmed by studies of the special charac-
teristics or organic extracts of the injection sites. Pamukcu et
al. (1977) studied the effects of dietary PVP on the carcinoge-
nicity of dietary bracken fern, a bladder and gastrointestinal
carcinogen. The study was done in rats. PVP in the diet at a
concentration of 50 mg/g caused a significant reduction in
the percentage of animals with bladder tumors but not with
gastrointestinal tumors. The study of Stern et al. (1956) on
the apparent PVP-related reduction in the incidence of spon-
taneous mouse mammary cancer was cited above. Takeuchi
(1966) reported on an experiment in which 1 ml of a 1% PVP
K-30 solution was injected subcutaneously into a mouse, fol-
lowed by inoculation with solid Ehrlich ascites tumor into
the same site. Tumors were excised and weighed s days
later. Animals treated with PVP showed a statistically signifi-
cant 17% reduction in tumor weight. Hartveit (1967)
reported that 5% PVP (MW 25,000) potentiates immune lysis
of Ehrlich and Bergen A-4 ascites carcinoma cells.

The data on the potential carcinogenicity of PVP fail to
demonstrate tumorigenic or carcinogenic effects. The local
administration of PVP results in the development of sarco-
mas (a "foreign body" type reaction) but no métastasés. A
summary of carcinogenic studies is presented in Table 14.
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SUMMARY OF MAIN FINDINGS

1. Studies in rodents, dogs and primates have shown that
PVP is a substance with a very low acute toxicity. It is
essentially impossible to kill animals by administration of
PVP except by gross osmotic imbalance. Thus the LDso of
PVP orally is reported to exceed 100 g/kg and to be
around 10 g/kg or more intravenously or intraperitone-
ally. The only evidence of toxicity following oral adminis-
tration is production of diarrhea with doses exceeding 0.5
g/kg due to the nonabsorbed osmotic load in the gut
lumen.

2. Repeat-dose oral studies in rodents and dogs have shown
that apart from diarrhea at high doses, related to the bulk
purgative actions of PVP, there is no evidence of any tox-
icity as judged by clinical chemistry, hematology or histo-
pathology. Occasional reductions in weight gain have
been observed with 10% PVP in the diet, but this is prob-
ably related to reduced food intake and diarrhea. There is
some evidence of minimal absorption as judged by the
appearance of cell inclusions in the mesenteric lymph
nodes in one dog study, but this is probably not of any
toxicological significance. The no-adverse-effect level in
subchronic studies in rodents and dogs is around 5 g/kg/
day.

3. In two well conducted chronic studies using PVP K-25
and PVP K-90 at dose levels in the diet up to 10% and 5%,
respectively, over periods of : years, there was no evi-
dence of any substance-related toxicity in clinical chemis-
try, hematology, urine analysis or histopathology. There
was no evidence of any carcinogenic effect or evidence of
PVP storage in any organ. In less well reported chronic
oral dog studies in which PVP K-30 was administered in
the diet for : -2 years, there was no evidence of treatment-
related effects other than some evidence of PVP storage in
the regional lymph nodes. There was no evidence of any
cumulative damage over the > years.
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4. After parenteral administration, PVP is well tolerated,
with little evidence of local damage after single or 5 injec-
tions. Numerous studies on the chronic effects of injec-
tion of PVP in rats have given conflicting results, virtually
all due to poorly designed and conducted studies. When
well conducted studies have been carried out, there is no
evidence of carcinogenic effect from repeated parenteral
administration. Repeated injection of PVP, especially of
larger molecular weight material, e.g., K-30 and over, will
result in accumulation of PVP in the tissues. This is partic-
ularly so if the PVP is injected into poorly perfused sites.
This has been demonstrated in animals to lead to devel-
opment of foreign body type sarcomas at the site of injec-
tion but with no métastasés.

5. Teratogenicity studies on PVP given orally, intravenously
and intra-amniotically in rats and/or rabbits have shown
no evidence of embryotoxicity or teratogenicity.

6. Invitro and in vivo mutagenicity studies have shown that
PVP does not have any genotoxic or clastogenic activity.
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Overall Summary and Conclusions

CHEMISTRY AND USES

PVP, polyvinylpyrrolidone, the homopolymer of N-vinyl-
2-pyrrolidone, possesses unique physical and chemical
properties that make it useful in many pharmaceutical for-
mulations, foods, cosmetics and toiletries as well as indus-
trial applications.

PVP preparations are available in different molecular
weight ranges, with means varying from a few thousand to
over one million. The letter K and an appropriate number,
related to the molecular weight, are used to designate the
different PVPs. For example, K-12 has an average molecular
weight of around 4,000, and K-90 has an average molecular
weight of around 1,000,000; however, there are differences
in the formulae used by different manufacturers to calculate
M"-values, so that there may be substantial differences in the
molecular weights quoted by different authors. Further-
more, PVP, with a specified K-value and average molecular
weight, consists of a range of molecular sizes with a slightly
skewed bell-shaped distribution around the average.

BIOLOGICAL ACTIVITY

Because of its uiuque chemical nature, PVP would be
expected to be biologically inert, apart from exerting osmotic
activity. Extensive arrimal and human data support the inert-

ness and hence the safety of PVP.

147
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ABSORPTION

The absorption of PVP from the gastrointestinal tract is
very limited and proceeds primarily by fluid-phase
pinocytosis.

DISTRIBUTION, STORAGE, AND EXCRETION

PVP may be stored at the injection site or at distant sites
(cutaneous storage syndrome). The extent of localized stor-
age is dependent upon the molecular weight and amount of
PVP injected, and the frequency and site of injections. The
disappearance of PVP from the bloodstream is inversely
related to the molecular weight and involves an initial rapid
removal of low molecular weight materials by the kidney
and a prolonged slower removal of higher molecular weight
material into lymph and tissues, primarily RES tissues,
including liver, spleen, bone marrow, bone and kidney. Tis-
sue storage disease in humans occurs only following paren-
teral administration of large amounts (at least 200 g) of the
higher molecular weight PVPs. Orally administered PVP is
eliminated almost totally in the feces; very little is found in
the bile or urine.

METABOLISM

PVP is not metabolized in the body. The excretion of resid-
ual monomer or low molecular weight oligomer present in
the PVP under investigation could erroneously be inter-
preted as metabolism of PVP.

PHARMACOLOGICAL EFFECTS

Under normal use PVP does not modify physiological
function. However, parenteral administration of large
amounts has been reported to cause histamine release in the
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dog and Charolais cow, and other cardiovascular phenom-
ena secondary to osmotic imbalance.

TOXICOLOGY AND SAFETY

An extensive body of toxicological data in animals sup-
ports the biological inertness of PVP. The acute, subchronic,
and chronic toxicity of orally administered PVP is extremely
low, with the only effect observed being diarrhea at high
doses due to the osmotic action of PVP acting as a bulk
purgative. Occasional observations of minimal absorption
with storage in mesenteric lymph nodes seem to be of no
toxicological importance. PVP is neither a sensitizer nor an
irritant. There are no reported adverse effects following oral
administration in humans. The currently permitted FAO/
WHO ADI of 0-50 mg/kg body weight for food use provides
an adequate margin of safety. There would appear to be no
reason to restrict its oral or topical pharmaceutical use or
topical cosmetic use in any way. There have been no reports
of adverse effects following its use intravenously as a plasma
expander, even after the administration of very large
amounts. The only toxicological problems have involved the
repeated injection of large amounts of the higher molecular
weight material into poorly perfused sites such as subcuta-
neously and into the breast. If the use of PVP in injectables
for repeated use is restricted to PVP with a molecular weight
less than K-18 in limited amounts (e.g., 50 mg/i.m. dose) and
the injection sites are varied, and intramuscular or intraven-
ous routes are used, then these problems should not occur.
The repeated use of PVP in depot preparations, which could
lead to excessive storage, is not to be recommended.
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Index

(Also see Appendix for summaries of all studies.)

Absorption
calf, 37, 45
cat, 30-31
clearance of PVP from
intestine, 38
closure, effect on, 36
dog, 30-31
factors involved, 44-47,
105
human, 42
inhalation, 53-54
intramuscular, 47-53
oral, 29
pig, 37, 45
rabbit, 32, 37
rat, 36-37, 39, 40-41, 45
sheep, 35-36
subcutaneous, 44-47
use of radio-labelled PVP,
33-42
Acetaldehyde, 20-21
Acetylene, use in synthesis of
PVP, 7
Active transport, 26
Adhesives, use of PVP in, 5
Aerosol sprays, 54
Albigen A, 10
Alkalis, effect on PVP, 19
Ames test, 130
Ammonia, in synthesis of PVP,
7, 21

Analysis of PVP
chemical, 29, 32, 56, 60-61
Lugol's method, 32
phenol method, 32
Anaphylactoid reactions, 116
Anaphylaxis, 113-116
Anticarcinogenic activity, 142

Beer, uses of PVP in, 3, 23
BGA recommendations for
parenteral use, 102
Biliary excretion of PVP, 66-68
dog, 66-67
rat, 67
sheep, 67
Blood-plasma substitute, 1
1,4-Butanediol, intermediate in
PVP synthesis, 7
2-Butyne-1,4-diol, intermediate
in PVP synthesis, 7
7-Butyrolactone, intermediate
in PVP synthesis, 7

"AC-labelled PVP
in absorption, 35, 39-42
in biliary excretion, 66
in metabolism, 65-66
in renal clearance, 57,

62-63
Cannon-Fenske capillary
viscometer, 12
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Carbon dioxide, product of
metabolism, 65

Carcinogenicity studies, 131 et

seq.
CeIIC{ransformation test, 130
Chill-proofing of beer, 3
Chromosomal aberration in
bone marrow, 131
Classification of PVP
polymers, 10-11
Clearance
plasma, 38
renal, 27
Closure, effect on absorption
of PVP in rats, 36
Contaminants
acetaldehyde, 20-21
hydrazine, 20-21
N-vinyl-2-pyrrolidone, 20
Cosmetics, use of PVP in, 3
Crospovidone. See
Polyvinylpolypyrrolidone.

Detergents, use of PVP in, 4
Diabetes insipidus, 47
Diluent, use of PVP in food
coloring as, 2
Disp>ersant action of PVP, 3,
4-5, 23
Distribution
proximal renal tubule, 108
rabbits, 77-78
rats, 77-78
visceral yolk sac, 107
Dominant lethal test, 130
Drugs
bioavailability, use of PVP
to improve, 2
germicide, 2
human preparations, 10
tablet binder, 2
tablet coating aid, 2
topical preparations, 10
transdermal application.

use of PVP to create gel,
2

veterinary preparations,

worldwide consumption of
PVP, 23
Dupont-Lachapelle disease, 90,
92, 103. See also Storage,
cutaneous effects, 91
vasopressin-PVP-induced,
47, 91
Dyeing, use of PVP in, 4

Emulsions, stabilizing action of
PVP, 4

Endocytosis, 105

Excretion, 55-68

Fikentscher equation, 12
Film forming properties, 19
Fluorouracil, effect on
intestinal permeability, 43
Foam cells, 69, 80-81, 87, 101,
106
Food use
Acceptable Daily Intake, 2
binder for vitamins, 2
coating for fruit, 3, 23
coloring, 3, 23
K-values, 10
stabilizer for liquids, 2-3,
23
Foreign body tumorigenesis,
138, 140-141
Formaldehyde, use in
synthesis of PVP, 7
Fruit coating, 3, 23
Functional disturbances,
PVP-induced, 71, 86
Furosemide, effect on renal
clearance, 59

Gel permeation
chromatography, 14-15



Glass transition temperature,
18-19
Glomerular
clearance, 27
filtration rate (GFR), 58,
63
pore size, 58, 63
retention, 80
transport, 27
Granuloma formation, 82

Half-life
dog, 72
mouse, 76
rabbit, 72, 76
rat, 42, 72, 74, 76
Hair sprays, 54, 94, 99-100
Heat of solution, 18
Histamine release, 113-116
Hueper, carcinogenicity
studies, 134 et seq.
Human studies
excretion in healthy
subjects, 62-63
gastroenteropathies, 42
metastatic colon
carcinoma, 43, 62
renal excretion in, 60-65
terminally ill cancer
patients, 61
Hydrazine, 20-21

»'I- and "“I-labelled PVP
use to study absorption,
34-39
use to study biliary
excretion, 67
use to study renal
clearance, 56-62
Immune system, 105, 117
Implantation of PVP, 137-138
Inhalation, 53
Inks, use of PVP in, 4

Intrinsic viscosity, 12, 13
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Inulin, to measure glomerular
filtration rate, 58-59

K-11, 74
K-12, 10, 14, 23, 40, 49-53,
56-57, 65, 67-68, 74, 79, 82,
124, 129, 147
K-14, 56, 78-79
K-15, 10, 14-15, 21, 30, 117
K-17, 10, 14, 49-53, 56-57, 79,
82, 124, 138-140
K-17.8, 42, 78
K-18, 56, 64, 78, 102
K-20, 82
K-25, 10, 14, 40, 67-68, 74, 112,
126, 128, 132, 138-140
K-26, 77
K-27, 77
K-28, 61, 72, 78
K-30, 10-11, 14-16, 21, 31,
39-41, 49-55, 57, 64, 66, 72,
74, 77, 79, 82-83, 122,
124-125, 127, 130-131, 140,
142
K-32, 56, 61
K-33, 65-66, 77
K-35, 56, 74
K-37, 72, 77
K-50, 72
K-60, 15, 21, 36-37, 82
K-90, 10, 14-15, 21, 30-31, 39,
65, 82, 112, 117, 123-124,
126, 128, 132, 147
K-values, 10-11
distribution of MW within,
15
relationship to MW, 12, 14,
25
effect on excretion, 55
Kidney, clearance of PVP. See
Renal clearance
Kollidon, 10
Kollidon CL, 10

Kuppfer cells, 86
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Lead, limit in pharmaceutical
grade, 20
Light, effect on PVP, 19
Lipid storage disease, 80
Liver, 30, 32
Lugol's method for PVP
detection, 32
Luviskol, 10
Lymph
flow and renal clearance, 59
passage into, 74-79
Lymph nodes, 30-31, 49-53
Lymphocyte transformation,
118

M,,. See Molecular weight
determination, number
average.

M,. See Molecular weight
determination, viscosity

_ average.

M,,. See Molecular weight
determination, weight
average.

Mark-Houwink constant, 13

Membranes

active transport through,
26

facilitated diffusion
through, 26

glomerular transport, 27,
58-65

intestinal transport, 44-47

pore size, 25, 59, 62-63

PVP passage through, 25

simple difusion through,
26

transport equation, 27

water pores, 26

Metabolism, 65-66, 148

Molecular weight
determination

depression of freezing
point, 11

elevation of boiling point,
1
light scattering, 11
number average, 11, 25
osmotic pressure, 11
sedimentation rate
measurements, 11
viscosity average, 11-14,
25, 56, 147
weight average, 11, 25
Molecular weight distribution,
14
Monomer. See
N-Vinyl-2-pyrrolidone.
Mouse lymphoma test, 130
Mutagenicity studies, 129, 145

NVP. See
N-Vinyl-2-pyrrolidone.
Nomenclature of PVP, 9

Organic solvents, solubility of
PVP in, 17

Ostwald-Fenske capillary
viscometer, 12

Paint, use of PVP in, 5
Paper, use of PVP in coatings,
5
Parenteral use,
recommendations for,
102-103
Peregral ST, 10
Periston, 80, 85
Phagocytosis, 105
of inhaled material, 54
Pharmaceutical grade PVP,
specification, 20
Pharmaceutical use of PVP, 2,
10, 23, 98
Pharmacokinetics of PVP
absorption, 24, 39-47
distribution, 24
excretion, 24, 55-65



fate of oral PVP, 48
inhalation, 24
intramuscular injection,
47-53, 57
intravenous injection, 55,
60-62
metabolism, 24, 65-66
physicochemical factors
affecting, 24
renal elimination, 55 et
seq.
storage, 24
subcutaneous injection, 47
Pharmacology, 148-149
Phenol method for PVP
detection, 32
Photographic products, use of
PVP in, 3-4
Pinocytosis, 69
role in absorption, 37,
45-46, 105
Plasdone, 10
Plasma expander, use of PVP
as, 23, 60, 69-70, 85
Plasmosan, 60
Plastics, PVP in production of,
4
Polyclar, 10
Polymerization of NVP, 7-10
Poly[l-(2-oxo-1-pyrrolidinyl)
ethylene], 10
Polyplasdone XL, 10
Poly(N-vinylbutyrolactam), 9
Poly(N-vinyl-2-pyrrolidinone),
9

Poly(l-vinyl-2-pyrrolidone), 10
Polyvidon, 9
Polyvidone, 9
Polyvidonum, 9
Polyvinylpolypyrrolidone, 1
uses in wine and beer, 3,
23
nomenclature, 10

synthesis, 9
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Polyvinylpyrrolidone, 9
Pores
radius, 29, 44-47
transport of PVP, 26-28,
38
Povidone, 1, 9
Properties, 1
chemical, 19
film forming, 19
glass transition
temperature, 18-19
heat of solution, 18
physical, 17-19
resin compatibility, 19
solubility in organic
solvents, 17
stability to alkalis, 19
stability to heat, 18
Stability to light, 19
PVP 11V, 134
PVPP. See
Polyvinylpolypyrrolidone.
a-Pyrrolidone, intermediate in
PVP synthesis, 7-8

Renal clearance, 27
dog, 56-58
function, 94
furosemide effect on, 59
human, 60-65
lymphatic flow and, 59
rabbit, 58
rat, 57-58
Reppe synthesis of PVP, 1, 7
Resins, compatibility of PVP
with, 19
Reticuloendothelial system
(RES), PVP storage in, 31,
62, 110-113

Sephadex, use to determine
molecular weight of PVP, 38,
43

Shock, 1, 60
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Solubility
water, 1
organic solvents, 17
Specifications of PVP, 20-21
Stability to heat, 18
Stabilizer, use of PVP in liquid
preparations, 2, 23
Storage
athymic rats, 82
cutaneous, 92
disease, 85
dose-response relationship,
87
following intravenous
administration, 85 et
seq.
following repeated
injections of
vasopressin-PVP, 47-49,
90-%
functional changes related
to, 86, 110, 113
heart, 127
kidney, 127
liver, 127
lymphatic system, 30, 102,
111-112, 127
mimicking congenital
mucolipid storage, 89
mimicking signet-ring cell
carcinomas, 89
neonatal rats, 108
patients, 69, 85
pseudotumors, 92, 95, 97
radioactive PVP, 70
regional lymph nodes, 83,
102
renal function, 94
reticuloendothelial system,
102, 110-113
visceral yolk sac, 107
Suspensions, use of PVP in,
4
Synthesis of PVP, 7-9

Tablets
PVP as binder, 2, 5
PVP in coating, 2
worldwide use of PVP in,
23
Teratogenicity, 128, 145
Thesaurismosis, 91-92. See also
Dupont-Lachapelle disease,
pulmonary, 100
Thesaurosis, 54, 92
Thymus-independent antigen,
PVP as a, 117
Tissue tolerance, 124
Toiletries, use of PVP in, 3
Toxicity studies
acute, 121-122
carcinogenicity, 131 et seq.
chronic, 125
evidence of absorption
from, 30
local tissue, 124
mutagenicity, 129
reproduction, 128
subchronic, 123 et seq.
Transport of PVP through
membranes, 25-28

Uses of PVP, 1-5, 8

USP specification for
pharmaceutical grade PVP,
20

Vasopressin-PVP, 47, 90-93,
95-96
Vinylpyrrolidinone. See
N-Vinyl-2-pyrrolidone.
1-Vinyl-2-pyrrolidinone
polymer, 10
N-Vinyl-2-pyrrolidinone. See
N-Vinyl-2-pyrrolidone.
N-Vinyl-2-pyrrolidone, 1, 8
absorption, 42
biliary excretion, 66-67



enterohepatic circulation,
67

half-life, 42

in synthesis of PVP, 7-8

limit in pharmaceutical
grade PVP, 20

product of metabolism, 65
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USP specification, 20
Vinyl pyrrolidone-vinyl acetate
copolymer, 54
Wine, uses of PVP in, 3, 23

Yolk sac, injection into, 129
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