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Memorandum 

 

To:  CIR Expert Panel Members and Liaisons 
From:  Christina L. Burnett 
  Scientific Writer/Analyst        
Date:  November 15, 2013 
Subject: Re-review of Polyvinyl Alcohol 
 
In 1998, the CIR Final Report on the safety assessment of polyvinyl alcohol was published with the conclusion “safe as 
used in cosmetic formulations”. 

Current uses of polyvinyl alcohol can be found in Table 1. The FDA’s VCRP database indicates that uses have increased 
from 37 to 225. The majority of the uses are in leave-on products such as eye makeup and skin care products. In 1998, the 
industry reported the maximum use concentration to be < 25%, with 13% reported for a hydrolyzed version of the 
ingredient in paste masks (mud packs).  Presently, the industry reported a maximum use concentration range of 0.0035% to 
15%, with 15% reported in “other” skin care preparation products.  

Since the original review, numerous additional published studies related to polyvinyl alcohol have been discovered: a good 
number of these are efficacy studies for polyvinyl alcohol in drugs and medical devices and have been largely excluded 
from this re-review document.   The studies that have been incorporated include a carcinogenesis study, some genotoxicity 
studies, and a repeated dose study. 

The task for the Panel at this meeting is to determine whether the conclusion on polyvinyl alcohol is still valid.  If it is not, 
an amendment should be initiated.   
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Polyvinyl Alcohol History 
 
1998 - CIR published the safety assessment on polyvinyl alcohol with the conclusion “safe as 
used in cosmetic formulations”. 
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Polyvinyl Alcohol Data Profile* – December 2013 – Writer, Christina Burnett 
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PVP X X X X  X    X X  X X X X X X X X X X   

 
“X” indicates that data were available in the category for that ingredient 
 
Profile takes in account data from the original report. 
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Search Strategy for Polyvinyl Alcohol 
 
September-October 2013:  SCIFINDER search for Polyvinyl Alcohol using INCI name and CAS#  

 
- For PVP, limited search for time period since 1997. 
- Limited for adverse effects, including toxicity - 255 references came back. 
- Majority of references were efficacy studies which used polyvinyl alcohol as a standard or control, 

such as in eye drops, or for medical devices, such as tissue constructs.   
 
 
 

 TOXLINE, minus PUBMED PUBMED 
polyvinyl alcohol, limit 
since 1997 

111 3517 

polyvinyl alcohol, limit 
since 1997, add “toxicity” 
to search limits 

5 136 

 
 
 
Total references ordered or downloaded: 10 
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INTRODUCTION 
 In 1998, the Cosmetic Ingredient Review (CIR) published the safety assessment on polyvinyl alcohol with the 
conclusion “safe as used in cosmetic formulations”.1  Polyvinyl alcohol functions as a binder, film former, and viscosity 
increasing agent in cosmetic products.2 The majority of the uses of polyvinyl alcohol are in eye makeup and skin care 
products.3  
  Since the original review, numerous additional published studies related to polyvinyl alcohol have been discovered.  
A few of these studies are summarized in this re-review document.  Efficacy studies on this ingredient for use in drugs and 
medical devices have been largely excluded from this review.  

 
CHEMISTRY 

Definitions and Structures 
 The definition and structure of polyvinyl alcohol (CAS # 9002-89-5) can be found in the original safety assessment.1  
 

Physical and Chemical Properties 
 Physical and chemical properties of polyvinyl alcohol can be found in the original safety assessment.1  
 

USE 
Cosmetic 

Table 1 presents the historical and current product formulation data for polyvinyl alcohol. Polyvinyl alcohol  
functions as a binder, film former, and viscosity increasing agent-aqueous in cosmetic products.2  According to information 
supplied to the Food and Drug Administration (FDA) by industry in 1998, polyvinyl alcohol had 37 reported uses, with the 
majority of the uses reported in paste masks (mud packs).1  In 1998, industry reported maximum use concentration to be < 
25%, with 13% reported for a hydrolyzed version of the ingredient in paste masks (mud packs).1  Currently, the FDA’s 
Voluntary Cosmetic Registration Program (VCRP) database indicates that the reported uses for polyvinyl alcohol have 
increased to 225, with a majority of uses in leave-on products such as eye makeup and skin care products.3 A survey of use 
concentrations conducted by the Personal Care Products Council (Council)in 2013, reported maximum concentration of use 
ranges of 0.0035% to 15%, with 15% reported in “other” skin care preparation products.4 

Polyvinyl alcohol is not restricted from use in any way under the rules governing cosmetic products in the European 
Union.5  
 

Non-Cosmetic 
 Polyvinyl alcohol is an approved over-the-counter ophthalmic demulcent at concentrations of 0.1% to 4% (21 CFR 
§349.12).  It is also approved as a diluent in color additive mixtures for coloring shell eggs and as an indirect food additive in 
products which come in contact with food (21 CFR §73.1; § 175.105; § 175.300; §175.320; §176.170; §176.180; §177.1200; 
§177.1670; §177.2260; §177.2800; §178.3910; 181.30).  Additionally, polyvinyl alcohol is used in medical applications 
including transdermal patches, the preparation of rapid-drying jellies for the skin, and sustained-release and controlled-
release drug formulations.6  It is also used in implantable and non-implant devices such as  hydrophilic coatings in catheters 
and leads, vascular embolic agents, tissue adhesion barriers, nerve guides, cartilage replacement, surgical sponges and 
packing, and contact lenses.7 
 Polyvinyl alcohol is used in the textile and paper industry as a sizing and coating or finishing agent.6  It can be 
incorporated into water-soluble fabric that is used, for example, to make degradable protective clothing, laundry bags, rags, 
sponges, sheets, covers, and physiological-hygiene products. Polyvinyl alcohol can also be used a thickening agents in latex 
paint, white household glue, adhesive mixtures and in gypsum-based cements. 
 

TOXICOKINETICS 
 In albino female rabbits and nude SKH1-Hrhrfemale mice, polyvinyl alcohol with a high molar mass (195,000 
g/mol) administered intraperitoneally was filtered through the glomeruli in the kidneys; histological examination of the 
kidneys and livers of the treated mice revealed no evidence of damage to these organs.8  The tetramethylrhodamine-5-
carbonyl azide-labeled polyvinyl alcohol was injected into the animals’ abdomens (5% weight, 0.1 ml in mice and 10% 
weight, 20 ml in rabbits).  Fluorescence imagining was used to track the distribution and excretion in the mice; urinary 
excretion in the rabbits was studied for 28 days. 
 

TOXICOLOGICAL STUDIES 
Repeated Dose Toxicity 

 Polyvinyl alcohol in a repeated oral toxicity study in male and female Sprague-Dawley rats was not a systemic or 
neurological toxicant.9 Rats were fed polyvinyl alcohol daily for 90 days at doses of 2000, 3500, or 5000 mg/kg bw/day with 
a control group receiving standard lab feed.  No test material-related changes were observed in mortality, ophthalmology, 
hematology, clinical chemistry, urinalysis, functional observation assessments, motor activity, organ weights, and macro- and 
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microscopic examinations.  The only test-material-related findings were unformed stools with brown/black anogenital 
staining in rats fed 3500 and 5000 mg/kg bw/day and slight increases in feed consumption in test article exposed rats versus 
the controls.  Unformed stools were attributed to the excretion of the orally-administered polyvinyl alcohol being consumed 
and then excreted in the stools.  Increased feed consumption was attributed to the need for the animals to maintain a caloric 
intake sufficient for normal growth since that they were not receiving this with normal amounts of feed due to the large 
amount of polyvinyl alcohol.  The no-adverse-effect-level (NOAEL) was determined to be 5000 mg/kg bw/day in this study. 
 

REPRODUCTIVE AND DEVELOPMENTAL TOXICITY 
 In a 2-generation reproductive-toxicity study in Sprague-Dawley rats, polyvinyl alcohol did not cause adverse 
effects in parental animals or offspring.10  Groups of 26 rats per sex received 0, 2000, 3500, or 5000 mg/kg/day polyvinyl 
alcohol in the diet.  The parental rats (P0) were treated for 70 days prior to mating, throughout mating, gestation, and 
lactation until they were killed.  Clinical signs of toxicity, body weights and feed consumption were recorded routinely, and 
the dietary concentrations were adjusted on a weekly basis, except during gestation and lactation, to maintain the intended 
doses of polyvinyl alcohol.  Pups were weighed routinely and weaned at 21 days of age before selection from among these 
pups for the next generation (F1) mating.  In the 3500 and 5000 mg/kg/day dose groups of both the P0 and F1 parental 
animals, observations included unformed stools and  increases in feed consumption, except during either lactation period.  As 
in the above repeated dose study, unformed stools were attributed to the excretion of polyvinyl alcohol in the stools and 
increased feed consumption was attributed to the need for the animals to eat more of the feed containing the large amount of 
polyvinyl alcohol in order to maintain sufficient caloric intake. Additionally, slight decreases in the mean body weights of P0 
males were observed at 2000 and 5000 mg/kg/day.  No adverse effects of polyvinyl alcohol were observed in P0 and F1 
reproductive performance or pup survival, growth, organ weights, or other macro- or microscopic observations in either sex 
at any dose.  The NOAEL for this 2-generation reproductive and toxicity study was determined to be 5000 mg/kg bw/day. 
 

GENOTOXICITY 
In Vitro 

 Polyvinyl alcohol was not mutagenic in an Ames test using Salmonella typhimurium strains TA 1535, TA 1537, TA 
98, and TA 100 and Escherichia coli strain WP2uvrA/pKM101.9  Polyvinyl alcohol was tested up to 5000 µg/plate, with and 
without S9 metabolic activation. 
 Polyvinyl alcohol was not mutagenic in a mouse lymphoma L5178Y cell mutation assay.9 The test material was 
tested up to 5000 µg/ml with and without S9 metabolic activation. 
 

In Vivo 
 In a mouse micronucleus test, polyvinyl alcohol did not cause chromosome damage or bone-marrow cell toxicity 
when tested up to 2000 mg/kg.9   Mice (strain unknown) received a single gavage dose of 500, 1000, or 2000 mg/kg bw.  No 
statistically-significant increases in frequency of micronucleated immature erythrocytes or decreases in proportion of 
immature erythrocytes were observed when compared to controls.  The positive control group yielded the expected results. 
 

CARCINOGENICITY 
In a 2-year intravaginal carcinogenicity study in mice, there was no evidence of carcinogenic activity of polyvinyl 

alcohol with a molecular weight of approximately 24,000.11  Groups of 100 female B6C3F1 mice received 20 μL 25% 
polyvinyl alcohol in deionized water, 20 μL deionized water vehicle only, or no vehicle or test material.   The animals were 
dosed 5 days per week for 104-105 weeks.  The mortality rate of the mice that received polyvinyl alcohol was similar to 
those of the 2 control groups.  The mean body weights of the mice treated with the test material were less than those of the 
untreated controls from week 17 until study end (for example, mean weight of treated mice was 94% of the untreated controls 
at week 17 and 90% of the untreated controls at week 104).  The final mean body weight of the vehicle control mice was less 
than that of the untreated group.  Vaginal irritation was observed in 6 mice of the vehicle control group and 11 mice in the 
test material group.  No treatment-related neoplasms or non-neoplastic lesions were observed.  Incidences of reproductive 
tract non-neoplastic lesions in the mice that received polyvinyl alcohol were comparable to the vehicle control group and the 
untreated control group. 
 

IRRITATION AND SENSITIZATION 
Irritation 

Ocular – Human 
 In an efficacy study comparing the performance of eye drops containing 0.1% (w/v) sodium hyaluronate to eye 
drops containing 1.4% (w/v) polyvinyl alcohol to alleviate dry eye, adverse effects that were related to dry eye symptoms 
were observed in several subjects.12  In a randomized, crossover, multicenter study, 32 subjects received the 2 study products 
in randomized order with each treatment period lasting 4 weeks per product.  Adverse effects to polyvinyl alcohol that were 
observed in the subjects were judged to be moderate to severe, with probable, possible, or insufficient evidence that the 
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effects were attributable to the test material.  The adverse effects included sticky eyes and/or lashes, red swollen eyes, gritty 
eyes, and burning, all of which resolved at study conclusion. 
 

Sensitization 
No new relevant published sensitization studies on polyvinyl alcohol were discovered and no unpublished data were 

submitted.    
 

CLINICAL USE 
No new relevant published clinical use studies on polyvinyl alcohol were discovered and no unpublished data were 

submitted. 
 
 
 
 
 

Table 1.  Historical and current use and concentration of use data for polyvinyl alcohol.1,3,4 
 # of Uses Max Conc of Use (%) 
  Polyvinyl Alcohol 
Data Year 1998 2013 1998 2013 
Totals* 37 225 2-< 25a 0.0035-15 
Duration of Use   
Leave-On 23 197 2-3 0.1-15 
Rinse-Off 14 27 3-10 0.0035-14 
Diluted for (Bath) Use NR 1 NR NR 
Exposure Type   

Eye Area 7 111 3 0.1-5.5 
Incidental  Ingestion NR NR NR 1 
Incidental Inhalation-Spray? 4 60 NR 1.6-3 
 NR NR NR NR 
Incidental Inhalation-Powder? 3 58 NR 0.1 
 NR NR NR NR 
Dermal Contact 23 147 2-10 0.0035-15 
Deodorant (underarm)-Spray? NR 3 NR NR 
Confirmed Spray NR NR NR NR 
Not Spray NR NR NR NR 
Hair - Non-Coloring 1 4 NR 1-3 
Hair-Coloring NR NR NR NR 
Nail 8 1 NR 0.18 
Mucous Membrane NR 2 NR 0.0035-1 
Baby Products NR NR NR NR 
*Because each ingredient may be used in cosmetics with multiple exposure types, the sum 
of all exposure types may not equal the sum of total uses. 
NR = Not reported 
a Use concentrations not well detailed in 1998, a general maximum use concentration was 
reported to be < 25% for all product uses.  Specific use concentration data were provided for 
a few specific product categories. 
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2013 FDA VCRP RAW DATA 
02D - Other Bath Preparations 9002895 POLYVINYL ALCOHOL 1 
03A - Eyebrow Pencil 9002895 POLYVINYL ALCOHOL 1 
03B - Eyeliner 9002895 POLYVINYL ALCOHOL 2 
03C - Eye Shadow 9002895 POLYVINYL ALCOHOL 4 
03D - Eye Lotion 9002895 POLYVINYL ALCOHOL 16 
03F - Mascara 9002895 POLYVINYL ALCOHOL 73 
03G - Other Eye Makeup Preparations 9002895 POLYVINYL ALCOHOL 15 
05F - Shampoos (non-coloring) 9002895 POLYVINYL ALCOHOL 2 
05G - Tonics, Dressings, and Other Hair 
Grooming Aids 

9002895 POLYVINYL ALCOHOL 1 

05I - Other Hair Preparations 9002895 POLYVINYL ALCOHOL 1 
07C - Foundations 9002895 POLYVINYL ALCOHOL 2 
07G - Rouges 9002895 POLYVINYL ALCOHOL 1 
07I - Other Makeup Preparations 9002895 POLYVINYL ALCOHOL 5 
08E - Nail Polish and Enamel 9002895 POLYVINYL ALCOHOL 1 
10A - Bath Soaps and Detergents 9002895 POLYVINYL ALCOHOL 1 
10B - Deodorants (underarm) 9002895 POLYVINYL ALCOHOL 3 
11G - Other Shaving Preparation Products 9002895 POLYVINYL ALCOHOL 1 
12A - Cleansing 9002895 POLYVINYL ALCOHOL 4 
12C - Face and Neck (exc shave) 9002895 POLYVINYL ALCOHOL 32 
12D - Body and Hand (exc shave) 9002895 POLYVINYL ALCOHOL 4 
12F - Moisturizing 9002895 POLYVINYL ALCOHOL 16 
12G - Night 9002895 POLYVINYL ALCOHOL 5 
12H - Paste Masks (mud packs) 9002895 POLYVINYL ALCOHOL 19 
12I - Skin Fresheners 9002895 POLYVINYL ALCOHOL 1 
12J - Other Skin Care Preps 9002895 POLYVINYL ALCOHOL 13 
13B - Indoor Tanning Preparations 9002895 POLYVINYL ALCOHOL 1 
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F I N A L  R E P O R T  O N  T H E  S A F E T Y  A S S E S S M E N T  
O F  P O L Y V I N Y L  A L C O H O L  1 

Polyvinyl Alcohol is a synthetic alcohol used as a binder, film former, and visco- 
sity increasing agent in a wide range of cosmetic formulations at concentrations 
up to 13%. Typical molecular weights range from 25,000 to 300,000. The acute 
oral LDso in rats is reported to be >10 g/hg in one study and >21.5 g/kg in 
another. Dermal exposures of 5 and 13 weeks (the latter using 13% Polyvinyl 
Alcohol)produced no significant effects in rats. Various organ lesions and hyper- 
tension were noted in rats following repeated subcutaneous or intravenous dos- 
ing. Central nervous system depression and anemia, followed by renal damage, 
was seen in beagle dogs given daily intravenous injections of  Polyvinyl Alcohol 
for a week. Several studies tested the careinogenieity of  subcutaneous implants 
of Polyvinyl Alcohol sponges or powder. Although the majority of  these studies 
were positive, tumors were localized to the site of  implantation. In another study 
in which Polyvinyl Alcohol was used as the vehicle for another agent and tested 
itself as the vehicle control, Polyvinyl Alcohol had no effect on the incidence of 
histi~ytic sarcoma. Although no data were available assessing the reproductive 
or developmental toxicity, these endpoints were not considered to be likely with 
external exposure to this polymeK Polyuinyl Alcohol was not an ocular irritant 
in animal or clinical studies, nor was it a sensitizer. Some evidence of dermal 
irritation in animal and clinical studies was seen, but in the clinical studies it 
was not considered clinically significant. Based on these data, it was concluded 
that Polyvinyl Alcohol is safe as used in cosmetic formulations. 

The following report reviews the data available on Polyvinyl Alcohol 
applicable to its cosmetic use. 

CHEMISTRY 

Definition and Structure 

Polyvinyl Alcohol (CAS No. 9002-89-5) is a synthetic alcohol that con- 
forms to the structure shown in Figure 1 (Wenninger and McEwen 
1995a). Synonyms for Polyvinyl Alcohol include: ethanol homopolymer 
and PVA (IARC 1979; Budavari 1989). 

The International Agency for Research on Cancer (IARC) (1979) lists 
the following properties of fully hydrolyzed (containing no unhydrolyzed 

Received 1 May 1998; 10 July 1 9 9 8 .  
IReviewed by the Cosmetic Ingredient Review Expert Panel. Bindu Nair, Scientific 

• Analyst and Writer, prepared this report. Address correspondence to her at Cosmetic 
Ingredient Review, 1101 17th Street, NW, Suite 310, Washington, DC 20036, USA. 
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68 COSMETIC INGREDIENT REVIEW 

(2{ 2 --CHoHI ] 
X 

Figure 1. Chemical formula for Polyvinyl Alcohol (Wenninger and McEwen 
1995a). 

acetate groups) Polyvinyl Alcohol: it is a white, tasteless, and odorless 
powder. It has  a melt ing point of 22°C and the flask point is 78.4°C. 
It degrades slowly at  tempera tures  > 100°C and decomposes rapidly at  
tempera tures  >200°C; it degrades under  ultraviolet (UV) radiation and 
softens or dissolves in acids or bases. 

As it contains a secondary hydroxyl group, under  proper experimental  
conditions Polyvinyl Alcohol can undergo esterification and etherifica- 
tion. The solubility of Polyvinyl Alcohol in water decreases with increas- 
ing molecular weight. It  is also soluble in glycol and glycerin. Polyvinyl 
Alcohol is insoluble in ethyl alcohol, acetone, and several other organic 
solvents (Hueper 1939). 

Method of Manufacture 

Polyvinyl Alcohol (PVA) is produced by the  controlled hydrolysis (saponi- 
fication) of polyvinyl acetate (q.v.) and normally contains unhydrolyzed 
acetate groups (Wenninger and McEwen 1995a; 1995b). The polyvinyl 
alcohol used may  itself contain trace amounts  of acetaldehyde as an  im- 
purity. The process is based on the partial replacement of ester  groups in 
the vinyl acetate with hydroxyl groups and is done in the presence of an- 
hydrous sodium methylate  or aqueous sodium hydroxide (IARC 1979). 
Typically, polyvinyl acetate is dissolved into methanol,  and sodium hy- 
droxide (the saponification agent) is gradually added; Polyvinyl Alcohol 
is precipitated and then washed and purified (CTFA 1995b). The stage at  
which this reaction is stopped determines the number  of residual acetyl 
groups, which, in tu rn  influences the  physical properties (Andermann,  
Zimmermann,  and Schilling 1980). Typical molecular weights range 
from 25,000 to 300,000 (IARC 1979). 

Impurities 

Following the manufac tur ing  described above, impurit ies tha t  may  be 
present  in Polyvinyl Alcohol include: nonsaponified polyvinyl acetate, 
sodium acetate, solvent such as methanol,  and residual catalyst  (benzoyl 
peroxide and sodium hydroxide) (CTFA 1995b). 
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POLYVINYL ALCOHOL 69 

UV Absorption 

One study presented in the General Biology section of this report per- 
formed a UV analysis on a commercial PVA sample and detected an 
absorbance maximum at ~325 nm (Haskell Laboratories 1960). A recent 
UV analysis was conducted on two commercial cosmetic grade Polyvinyl 
Alcohol samples in purified water. The samples were tested at 1, 5, and 
10% in the 200-400 nm range using a UV/VIS spectrophotometer. Both 
samples had weak absorptions between 250-360 nm with one sample 
having stronger absorbance relative to the other. The researchers at- 
tributed the absorptions as dependent on the "K-band of conjugated 
double bonds in PVA [polyvinyl alcohol]." These K-band absorptions cor- 
respond to conjugated double bonds and end-chain carbonyl groups. The 
researchers stated that Polyvinyl Alcohol typically contains <0.01% end- 
carbonyl groups. However, as they have a high absorption coefficient 
value, at high concentrations the UV spectra have high absorption. The 
intensity of the peak also increased with heat treatment (CTFA 1995c). 

Analytical Methods 
Andermann, Zimmermann, and Schilling (1980) reported a detection 
technique in which Polyvinyl Alcohol forms a brown complex after re- 
acting with iron (III) hydroxamic acid. A postreaction absorbance analy- 
sis establishes the type of Polyvinyl Alcohol present in that  the amount 
of residual acetate groups on the alcohol affects the reading. The re- 
searchers specify it as a technique to detect the presence of Polyvinyl 
Alcohol in contact lens solutions and eyedrops. 

USE 
Cosmetic 

Polyvinyl Alcohol is used in cosmetic formulations as a binder, film for- 
mer, and viscosity increasing agent-aqueous (Wenninger and McEwen 
1995b). As of January 1996, Polyvinyl Alcohol was reported to Food and 
Drug Administration (FDA) to be used in 37 cosmetic formulations (FDA 
1996) (Table 1). 

Concentrations of use are no longer reported to FDA (FDA 1992). 
In 1984 polyvinyl alcohol was reported to have been used in various 
formulations at concentrations <25% (FDA 1984). In data submitted to 
Cosmetic Ingredient Review (CIR) from the cosmetics industry, Polyvinyl 
Alcohol was used in facial masks at 10%, masks at 3%, eye shadow/brow 
products at 3%, and lipliners at 2%. Hydrolyzed Polyvinyl Alcohol was 
used in face and neck skin care products at 10% and in paste masks 
(mud packs) at 13%. Hydrolyzed LV Polyvinyl Alcohol was used in face 
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Table  1. Cosmetic product formulation data on Polyvinyl Alcohol (FDA 
1996) 

Total no. of Total no. 
formulations in containing 

Product category product category polyvinyl alcohol 

Eyeliner 
Mascara 
Other eye makeup preparations 
Hair spray (aerosol fixative) 
Blushers (all types) 
Nail polish and enamel 
Other manicuring preparations 
Moisturizing 
Paste masks (mud packs) 
Skin fresheners 
Other skin care preparations 
1996 Tota ls  

533 1 
218 5 
136 1 
334 1 
277 1 
113 7 
83 1 

942 1 
300 14 
244 2 
810 3 

37 

and neck skin care products a t  3% and in paste masks (mud packs) at  
4% (CTFA 1995a). 

International 

Polyvinyl Alcohol is l isted in the Comprehensive Licensing Standards 
of Cosmetics by Category (CLS) and must  conform to the specifications 
of the Japanese Standards of Cosmetic Ingredients (Yakuji Nippo, Ltd. 
1994). I t  can be used without restrictions in all CLS categories. 

Noncosmetic 

Polyvinyl Alcohol is approved for use as an indirect food additive 
(Rothschild 1990). I t  is used by the plastics industry in molding com- 
pounds, surface coatings, films, finishing compositions, and in the manu- 
facture of artificial sponges and fuel hoses (Budavari 1989). I t  is used 
in pharmaceutic products as a viscosity increasing agent and often as 
a lubricant  in ophthalmic solutions (Andermann, Zimmcrmann, and 
Schilling 1980; Budavari  1989; Fassihi  and Naidoo 1989). 

In clinical applications, Polyvinyl Alcohol sponges and foams have 
been used as embolic mater ia l  in some surgical patients (Tadavarthy, 
Moller, and Amplatz 1975; Castenda-Zunga, Sanchez, and Amplatz 1978; 
Quisling et  al. 1984). Polyvinyl Alcohol films have been investigated as 
carriers for spermicide (Sanders and Matthews 1990). In addition, Davis 
et al. (1993) have investigated the tumor-targeting potential ofphotosen- 
sitizers conjugated to an antibody in a Polyvinyl Alcohol carrier molecule. 
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GENERAL BIOLOGY 
Absorption, Distribution, Metabolism, Excretion 

Polyvinyl Alcohol of three different grades was used in an absorption 
assay (Haskell Laboratories 1960). Commercial grade Polyvinyl Alcohol 
was supplied with the following characteristics: (A) high viscosity, com- 
pletely unhydrolyzed, average molecular weight of 148,000; (B) high 
viscosity, partially hydrolyzed, average molecular weight of 150,000; 
and (C) low viscosity, partially hydrolyzed, average molecular weight 
of 32,000. The researchers synthesized 14C-Polyvinyl Alcohol to match 
the specifications of the commercial grades. However, the UV spectrum 
of the radioactive solution B differed from that of the corresponding 
commercial solution. Specifically, a broad absorbance maximum at ap- 
proximately 325 nm found in the commercial solution B was missing 
in the laboratory-created B. Nonetheless, the researchers considered 
the two solutions to be identical. The method employed to test each 
grade was as follows: six adult Charles River albino rats received 100 mg 
of nonradioactive (commercial) Polyvinyl Alcohol by intubation on each 
of 7 days. Following this acclimation period, each rat was given 100 mg 
of radioactive Polyvinyl Alcohol (2 ml of a 5% solution) daily; three rats 
were dosed for 5 days, the other three for 10 days. Feed and water were 
supplied ad libitum. Urine and feces were tested daily for radioactivity. 
At the end of the dosing, the rats were killed and the liver, brain, kid- 
neys, and a sample of body fat were removed for examination. The same 
protocol was followed using four male mongrel dogs, except that  2 g of 
nonradioactive Polyvinyl Alcohol was fed during the acclimation period, 
followed by 2 g of radioactive test material each day for either 5 (two 
dogs) or 10 (two dogs) days. For one rat and dog per treatment group, 
the feces were collected and the gastrointestinal tract was sampled in 
addition to the other organs. All animals had satisfactory weight gain 
and no clinical signs of toxicity. No treatment-related lesions were noted 
at necropsy. No radioactivity was detected in urine samples at any time; 
the feces did have some radioactivity. In the case of the two high viscosity 
Polyvinyl Alcohol solutions (A and B), absorption of less than I ppm was 
detected in the brain, kidneys, and liver of the animals in the study. 
For solution C, Polyvinyl Alcohol was detected in the following ranges: 
brain, 0.6-1.29 ppm; kidneys, 0.52-1.35 ppm; and liver, 1.21-6.91 ppm. 
The researchers attributed the greater absorption to the higher water 
solubility and/or water sensitivity due to the molecular weight of this 
solution. 

Radioactive Polyvinyl Alcohol with an estimated molecular weight be- 
tween 5000 and 50,000 was used to determine the extent of absorption 
via various routes in Fischer 344 rats (Sanders and Matthews 1990). 
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Groups of three male rats were given either a single or 10 consecutive 
daffy oral doses of 14C-Polyvinyl Alcohol (0.01 mg/kg body weight; 4.8 #Ci; 
1 ml/L water). Necropsy was performed 48 hours after the single dose or 
24 hours after the last of 10 doses. No radioactivity above background 
was detected in any tissues following the single dose. Radioactivity re- 
covered in tissues following repeated oral exposure represented 0.05% of 
the total administered. Virtually all the Polyvinyl Alcohol was excreted 
via the feces. Female rats were given a single tail injection containing 
0.1 mg/ml/kg of 14C-Polyvinyl Alcohol (48/~Ci). Necropsy was performed 
at 24 hours, 3 days, and 10 days postdosing. At 24 hours postdosing, 
> 17% of the total dose was retained in the liver; 64% of the dose had 
been excreted in the urine, and 3% in the feces. Three days following 
the injection, the radioactivity in the liver was reduced to 12% of the 
total; the amount recovered in the urine had not changed, but the feces 
accounted for 5% of the total. Ten days following administration, 4% of 
the total radioactivity was detected in the liver and cumulative elimi- 
nation via the feces accounted for 13%; no additional elimination was 
detected in the urine. As Polyvinyl Alcohol is present in some intrav- 
aginal contraceptives, the researchers assayed for absorption in rats via 
this route. Exposure consisted of one, three, or ten intravaginal adminis- 
trations of 3 mg/kg 14C-Polyvinyl Alcohol (28/~Ci) in 5/~l of water, which 
is the estimated human exposure in a contraceptive. A light CO2 anes- 
thetic was used and the vaginal opening was left uncovered to allow for 
the continuation of normal grooming habits. Following 10 dosings, the 
liver concentrations reached a peak of > 1750 ng equivalents/g tissue at 
24 hours; > 300 ng equivalents/g tissue were still present 30 days follow- 
ing the last dose. The researchers remarked that although absorption 
was greater via the intravaginal route as compared to oral administra- 
tion, the fraction of the dose detected in the major tissues after vaginal 
administration never exceeded 2% of the total administered dose. No 
signs of toxicity were observed. 

Uptake by Kidneys 
Polyvinyl Alcohol administered subcutaneously is almost exclusively lo- 
calized in the glomerular mesangium (Kuhn et al. 1976; Mauer, Staffs, 
and Brown 1979; Romen and Morath 1979; Sterzel, Krauss, and Kregeler 
1976). 

In order to cha÷acterize the uptake by rat kidneys, male Lewis rats 
were subcutaneously injected with 50 mg/day of a 5% aqueous Polyvinyl 
Alcohol suspension (Seller, Hoyer, and Sterzel 1983). Rats received 
between 1 to 28 doses of the suspension. Renal tissue samples were 
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obtained at various times during dosing and were examined using 
electron and fluorescence microscopy. Monoclonal antibodies to rat la (la 
antigens are expressed by bone marrow-derived cells which reside in the 
glomeruli of normal rats) were used to detect the presence of Polyvinyl 
Alcohol. Samples obtained on day 1 had Polyvinyl Alcohol in areas of 
attenuated mesangial matrix. By day 3, glomeruli were hypercellular 
and Polyvinyl Alcoho] was detected within the phagocytic vacuoles of 
immature macrophages in the mesangium and occasionally in the endo- 
cytic vacuoles of endothelial and mesangial cells. With time, Polyvinyl 
Alcohol was found within mature mesangial macrophages and by week 
2, epithelioid transformation of the macrophages was evident. By weeks 
3 and 4, many glomeruli contained mesangial microgranulomas. The 
researchers concluded that  macrophages of the monocytic/macrophage 
system play a primary role in the uptake of Polyvinyl Alcohol. Similar 
results were reported by Sterzel et al. (1983) in a comparable study using 
54 male Sprague-Dawley rats. 

As it was determined that Polyvinyl Alcohol accumulates in the glome- 
rular mesangium, Mauer, Numata, and Sutherland (1979) studied the 
effects of such an accumulation on the uptake of colloidal carbon. In- 
bred Lewis rats were given Polyvinyl Alcohol (molecular weight 35,000 
to 240,000) in 28 daily subcutaneous doses of 50 mg/100 g body weight 
and served as kidney donors to untreated Lewis recipients. Experimen- 
tal rats received one kidney from the Polyvinyl Alcohol treatment group. 
Nine controls each received a kidney from untreated rats. Four days fol- 
lowing transplantation, the recipient rats received colloidal carbon, in- 
travenously, 70 mg/100 g. Bilateral renal biopsies were obtained 3 days, 
3 weeks, and 8 weeks following colloidal carbon injection. No difference 
was noted in the uptake and processing of the carbon when Polyvinyl 
Alcohol was deposited as finely dispersed droplets. When Polyvinyl 
Alcohol accumulated as moderately large aggregates, an increased local- 
ization of carbon, as compared to nonpretreated controls was observed. 
Decreased carbon uptake was noted in areas of the mesangium which 
contained large masses of Polyvinyl Alcohol. 

In a comparable study, Seller et al. (1986) reported a marked increase 
in the uptake of iron dextran by the glomeruli of rat  kidneys previ- 
ously exposed to Polyvinyl Alcohol. Similar to the findings of Mauer, 
Numata, and Sutherland (1979), large clumps of iron were found most 
often in cells that  had relatively little Polyvinyl Alcohol. However, 
whereas Mauer, Numata, and Sutherland (1979) suggested that  the 
Polyvinyl Alcohol aggregates had interfered with mesangial drainage, 
Seiler et al. (1986) suggested that a change in phagocytic function had 
occurred. 
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Immunologic Effects 

Phagocytosis 

In an in vitro assay using guinea pig sera, Polyvinyl Alcohol of mole- 
cular weights 32,560, 60,280, and 89,760 did not reduce the phagocytic 
ability ofleukocytes (Grzybek-Hryncewicz and Podolska 1968). Further, 
treatment of Staphylococcus aureus with 1-8% solutions of the poly- 
mer neither inhibited nor stimulated phagocytosis. Polyvinyl Alcohol of 
molecular weight <32,560 significantly decreased the opsonizing proper- 
ties of guinea pig serum and markedly decreased the serum complement 
titer. 

Immune Response 

Lee et al. (1980) described a study where B6D2F1 mice were pretreated 
with benzylpenicilloyl (BPO) that  had been conjugated with Polyvinyl 
Alcohol of molecular weights between 10,000 to 14,000. The combination 
abrogated a de novo anti-BPO IgE response when the mice were subse- 
quently exposed to a single intraperitoneal injection of the BPO deter- 
minant and ovalbumin. The BPO-Polyvinyl Alcohol conjugate also sup- 
pressed the ongoing anti-BPO IgE response in sensitized mice. Polyvinyl 
Alcohol was selected to create the tolerogenic conjugate because it was 
identified as a nonimmunogenic polymer. 

Hubbard, Lee, and Sehon (1981) also reported suppression of an anti- 
DNP IgE response in B6D2F1 mice after treatment (either pre- or post- 
immunization) with 2,4-dinitrophenyl (DNP) coupled with Polyvinyl 
Alcohol. 

TOXICOLOGY 

Acute Oral Toxicity 

The oral LDso in male albino rats of a trade Polyvinyl Alcohol com- 
pound in which the active ingredient (unknown molecular weight) was 
considered to be 100% was > 10 g/kg body weight (Hazleton Laborato- 
ries 1959). Another trade Polyvinyl Alcohol compound, also with a re- 
ported purity of 100% (unknown molecular weight), had an oral LD5o of 
>21.5 g/kg body weight in male albino rats. This same molecular weight 
Polyvinyl Alcohol had an LD5o of >20.0 g/kg body weight in adult mon- 
grel dogs (Hazleton Laboratories 1959). Other rat studies reported oral 
LDso values of > 5.0 g/kg for undiluted Polyvinyl Alcohol and > 15.0 g/kg 
for 13.0% Polyvinyl Alcohol. The molecular weights were not reported 
(CTFA 1980a). 
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Dermal Toxicity 
Short-Term 
Undiluted Polyvinyl Alcohol (1.0 ml/kg for a dose of 1000 mg/kg) was 
applied to the shaved skin of 20 albino rats (10 of each sex) once daily, 
5 days a week for 5 weeks (total of 27 applications). Daily observations 
were made and a blood sample (after a 16-hour fast) was obtained prior 
to the termination of the study. Animals were necropsied. No differences 
in body weights, and physical appearance were found between treated 
and control animals. The mean hematocrit and red blood cell values were 
significantly lower (p < .05) for treated males as compared to controls. 
No changes attributable to Polyvinyl Alcohol treatment were found at 
necropsy (CTFA 1975). 

Subchronic 
Ten female albino rats were treated for 13 weeks (65 applications) with 
5 weekly applications of a peel-off facial mask containing 13% Polyvinyl 
Alcohol. The test substance was applied to the shaved dorsal skin. Due 
to the increasing severity of skin irritation and concerns for animal sur- 
vival, the facial mask was applied and wiped off after a 15-minute ex- 
posure for the five applications in week 3, after which the test protocol 
(which detailed the substance not being removed) was again followed. 
The skin irritation "stabilized." Blood samples were obtained at the 
6th and 13th week and hematologic and serum chemistry parameters 
were measured. Necropsy was performed. No significant toxic effects 
attributable to the test material were noted (CTFA 1977b). 

Parenteral Toxicity 
Short-Term 

In a study by Hueper (1939), 12 albino rats (70--88 g) each received 20 
injections (1 ml) of a 5% Polyvinyl Alcohol solution (unknown molecu- 
lar weight) within a 4-week period. At the end of dosing, six rats were 
killed; the remaining five (one died during dosing) were killed 2 weeks 
later for necropsy. Pathologic alterations were more severe in the ani- 
mals killed 2 weeks after dosing. A substantial amount of Polyvinyl 
Alcohol was at the site of injection, resulting in necrosis and granuloma- 
tous inflammatory tissue. Little of the administered Polyvinyl Alcohol 
was detected in the lymph nodes. Aggregates of Polyvinyl Alcohol were 
concentrated in the glomeruli of the kidneys. Polyvinyl Alcohol was de- 
tected in the lumen of blood vessels of various organs where it remained 
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in dispersion and occluded the lumen by forming globules. The vascular 
occlusion was especially noted in the lungs of some rats. Swollen endo- 
thelial cells with foamy cytoplasm were noted in the occluded capillaries. 
Histocytes in various tissues contained Polyvinyl Alcohol in granular 
form. Of parenchyma cells, only the renal tubular epithelium, adrenal 
cortical cells, and ganglion cells of the brain contained Polyvinyl Al- 
cohol. The spleens were moderately enlarged, dark red, and firm. An 
increased number and swelling of the Kupffer cells was noted in the 
liver of all rats. Other organs were grossly normal but had small groups 
of foam cells; multinucleated giant cells and swollen macrophages were 
observed occasionally. 

Hueper (1939) also administered 5% Polyvinyl Alcohol solution via 
the marginal vein of the external ear of three male rabbits such that  
one animal received 10 doses, the second received 15 doses, and the 
third received 25 doses in the course of 5 days. Findings were similar 
to those noted in rats, with the exception that  the most severe and ex- 
tensive lesions were found in the lungs, spleen, and testes following 
intravenous administration, whereas the subcutaneous route resulted 
in marked changes in the kidneys, liver, and spleen. 

Hall and Hall (1967) performed a hypertension study using female 
Houston-Cheek rats (a Sprague-Dawley-derived strain) weighing be- 
tween 65-75 g. Four groups of seven animals were given 1 ml of a 5% 
solution of Polyvinyl Alcohol in physiologic saline daily for 28 days; two 
groups (1 and 2) received the test material subcutaneously, the other 
two (3 and 4), intraperitoneally. The Polyvinyl Alcohol used had an av- 
erage molecular weight of 133,000. Twenty-eight days following the last 
dosing, animals from treatment groups 2 and 4 received twice daffy injec- 
tions of 0.1 mg d-aldosterone-21 acetate in sesame oil for 7 consecutive 
days; animals in groups i and 3 received injections of vehicle alone. Ani- 
mals in groups 5 and 6, which served as non-polyvinyl-alcohol-dosed 
controls, received hormone in vehicle or were left untreated, respec- 
tively. Feed and water were provided ad libitum; systolic blood pres- 
sures were taken periodically, as well as immediately before and after 
aldosterone administration. Four animals died in the 28-day interim 
following Polyvinyl Alcohol dosing and prior to aldosterone or vehicle 
treatment. At this time the average blood pressure for each group was: 
(1) 208, (2) 204, (3) 252, (4) 225, (5) 137, and (6) 141 mm Hg. Three ad- 
ditional animals died during the week of aldosterone treatment; one of 
these three (from group 4) had developed severe peripheral edema and 
ascites. Surviving animals were killed, organs weighed, and tissues were 
microscopically examined. Three rats had elevated blood pressures after 
subcutaneous administration of Polyvinyl Alcohol (combined groups 1 
and 2); the pressures in all other rats, dosed and control, were nor- 
mal. All surviving rats which had been treated with Polyvinyl Alcohol 
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followed by vehicle-alone injections (groups 1 and 3) developed hyper- 
tension; the pressure rose from 208 to 213 mm Hg in group 1 animals 
and remained essentially the same (252 versus 251 mm Hg) in group 
3 animals. Reduction in blood pressure was noted in hormone-treated 
rats irrespective of the route of Polyvinyl Alcohol administration; the 
blood pressure decreased from 204 to 187 mm Hg and from 225 to 
208 mm Hg in animals of group 2 and 4, respectively. Controls had rel- 
atively unchanged (nonhypertensive) blood pressures: from 141 to 136 
mm Hg in group 5, and from 137 to 128 mm Hg in group 6. In the con- 
trols, aldosterone treatment alone did not induce or exacerbate hyper- 
tension. At necropsy, the liver, kidneys, spleen, and heart of Polyvinyl 
Alcohol-treated rats weighed significantly more than those organs in 
controls. Further, the heart and kidneys weighed significantly more in 
the intraperitoneally treated rats as compared to those treated subcuta- 
neously. Adrenal glands were smaller, though not significantly, in aldo- 
sterone treated animals; the adrenal glands were, however, significantly 
smaller in groups administered Polyvinyl Alcohol subcutaneously ver- 
sus those in untreated controls. Noted histopathologic changes included: 
dilated hepatic sinusoids in Polyvinyl Alcohol-treated rats, abundant 
multinucleate giant cells in livers of those intraperitoneally treated, 
numerous Polyvinyl Alcohol deposits in spleen (and kidneys) and in- 
tense macrophage and giant-cell proliferation (more marked in spleen 
of rats given intraperitoneal doses). Splenic arteries in hypertensive rats 
had hypertrophy, inflammatory changes, and necrosis (similar arterial 
changes were noted in the heart and kidneys); polyarteritis nodosa was 
observed in the pancreas of 5 of 13 rats given Polyvinyl Alcohol sub- 
cutaneously (3/5 were also in the aldosterone group). Foam cells in the 
arterial media or foam-cell transformation of the media were noted in 
the hearts of the intraperitoneally treated rats. Swollen and ischemic 
glomeruli and thickened capillaries were found along with peritubular 
sclerosis in the kidneys of several rats. No lesions could be specifically 
attributed to aldosterone treatment. 

Riviere et al. (1980) used purebred Beagle dogs to determine whether 
Polyvinyl Alcohol-induced toxicosis could serve as a model for glomerulo- 
nephritis. A silastic cannula was surgically implanted in the right exter- 
nal jugular vein of four dogs. Three were given daffy injections through 
the cannula of 20 ml solutions containing 47 mg Polyvinyl 
Alcohol/ml; the fourth dog was injected with saline. The Polyvinyl Al- 
cohol used had a molecular weight of 125,000 and was 88% hydrolyzed. 
Blood samples were obtained every other day for the determination of 
blood urea nitrogen (BUN) and packed cell volume (PCV) values. Urine 
specimens were collected biweekly. At the end of treatment, blood and 
urine samples were obtained for complete analysis and necropsy was 
performed. After 1 week of treatment, a decrease in PCV was observed; 
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the values continued to drop such that by the end of the study they were 
64% of the initial value. No changes in BUN were noted. An increase in 
the specific gravity of urine was noted; however, the increase alone could 
not explain the proteinuria which occurred by the end of the study. Body 
weight, feed consumption, and gastrointestinal function remained nor- 
mal. The study was terminated aider 3 weeks of dosing due to low grade 
central nervous system (CNS) depression as indicated by bilateral de- 
pression of the extensor postural thrust, hopping, front limb placing, 
and rear limb righting reflexes. At the end of the study treated animals 
had decreased total serum protein, sodium, potassium, and phosphorus 
concentrations. Hematologic assays found monocytosis, immature neu- 
trophilia, marked polymorphonuclear leukocyte toxicity, decreased PCV, 
decreased hemoglobin, and decreased erythrocyte counts, slight aniso- 
cytosis, and many large platelets. No gross lesions were observed. Light 
microscopic examination found diffuse vacuolation of the red pulp cells 
in the spleen and formation of foam cells in the glomeruli. No changes 
in the brain were noted. In electron micrographs, a granular precipitate 
was present on the luminal surface of most endothelial cells. Mesangial 
cells and, to a lesser extent, endothelial and epithelial cells had cytoplas- 
mic vacuolation. Because anemia and CNS depression occurred before 
development of significant renal damage, the researchers rejected the 
usefulness of Polyvinyl Alcohol induced glomerulonephritis in the dog 
as a model for studying glomerular disorders. 

Hall and Hall (1983) conducted a study using female Holtzman rats 
and three solutions of Polyvinyl Alcohol of different molecular weight to 
determine the effect of the degree of polymerization. Groups of 12 rats 
received daily subcutaneous injections of I ml of 5% Polyvinyl Alcohol 
dissolved in physiological saline. The grades of Polyvinyl Alcohol used 
had molecular weights of 37,000 (low), 133,000 (medium), or 185,000 
(high). A fourth group of animals received only vehicle and served as 
the control. The animals were provided feed ad libitum and access to 1% 
NaC1 in distilled water to drink. Fluid intakes were measured daily, and 
blood pressures taken weekly. Systolic pressures greater than 150 mm 
Hg were considered hypertensive. The animals were killed on day 29 
and various tissues and organs were examined. The smallest molecular 
weight Polyvinyl Alcohol was not detected in any of the tissues examined 
and produced a mild elevation of blood pressure in a third of the animals 
of that  treatment group. The high molecular weight Polyvinyl Alcohol 
accumulated in a number of organs and tissues and caused swelling and 
multiplication of endothelial and epithelial cells of the renal glomeruli. 
Half the animals in the high molecular weight treatment group deve- 
loped mild hypertension and the heart, kidneys, liver, and spleen were 
enlarged. The intermediate polymer was the only one of the three tested 
that  produced polydipsia. In the resulting nephrotic syndrome, ascites 
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and edema were accompanied by severe hypertension, marked renal 
damage with severe glomerulonephritis, and widespread cardiovascular 
lesions. Animals of this treatment group consumed on the average more 
of the salt solution than those of the other groups. The researchers con- 
sidered that  molecular size rather than chemical structure influenced 
the toxic effects and lesion development. 

Carver et al. (1985) reported daily subcutaneous (1 ml) doses of 5% 
aqueous Polyvinyl Alcohol of medium molecular weight (133,000) ad- 
ministered for 21 days to male Sprague-Dawley rats resulted in a be- 
nign glomerulopathy with accumulation of the macromolecule in the 
glomerular mesangium. These rats subsequently had an early transient 
dose-related sensitivity to gentamicin nephrotoxicity. However, after 
12 days of daily dosing with gentamicin (between 0 to 120 mg/kg), no 
difference was found in the response of Polyvinyl Alcohol-treated rats 
as compared to nontreated controls. 

Subchronic 
Burgener, Gutierrez, and Logsdon (1982) used repeated intraportal in- 
jections of Polyvinyl Alcohol particles into male mongrel dogs to develop 
a model of hepatic cirrhosis. Portal hypertension and hepatic fibrosis 
were induced using Polyvinyl Alcohol ranging in size from 100-400 mi- 
crons; the particles were suspended in 0.9% NaC1 solution. To maintain 
stable portal hypertension of >20 cm water, weekly to biweekly injec- 
tions of between 0.1 to 0.9 g of Polyvinyl Alcohol were necessary; single 
doses per day and per dog were determined by the portal vein pressure. 
The total dose needed varied among the dogs and ranged from 0.8 g ad- 
ministered over 22 months in four fractions to 4.8 g administered over 
6 months in 14 fractions. 

Short-Term Vaginal Toxicity 
A Polyvinyl Alcohol sponge was inserted into the vagina of each of three 
New Zealand white adult female rabbits (4--5 kg) and kept in place 
for 10 days (Chvapil et al. 1979). Animals were then killed and the 
vagina and uterus of each examined by light and electron microscopy. 
No changes were noted with light microscopy in the vaginal tissue as 
compared to samples from sham controls. Electron microscopy of mi- 
crovilli and cell borders indicated minimal irritation. 

A 30-day intravaginal study of Polyvinyl Alcohol in B6C3F1 mice was 
conducted by the National Toxicology Program (NTP) (1992). Two groups 
of 50 female mice were treated with daily intravaginal applications of 
25% (w/w) polyvinyl alcohol for 30 days. Animals of one group were re- 
strained for several minutes following each application. A control animal 
was treated with vehicle alone. No mortality was observed during the 
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dosing period and no significant effects were observed on body weight or 
total weight gain. Vaginal i r r i ta t ion and enlargement  of uterine horns 
were found in some animals  from all groups. 

Dermal Irritation 

Occlusive patches containing 0.3 ml of 10% Polyvinyl Alcohol in distilled 
water  (molecular weight not specified) were applied to groups of four 
Kbl:JW female albino rabbits. The material  was applied to the clipped 
back for 24-hours of contact. The skin of one group was abraded. Skin 
reactions were scored according to the Draize scoring system at the time 
of patch removal and 72 hours after removal. The Pr imary Irr i tat ion 
Index (PII) was 0.2 (max score 8.0). Erythema was noted at  the 24-hour 
observation in three of four rabbits  with abraded skin; no reactions were 
noted at  the 72-hour observation (Shiseido Research Center 1978). 

No dermal irr i tat ion was noted in nine rabbits following a single expo- 
sure to undiluted Polyvinyl Alcohol in an occlusive patch. Observations 
were made at  2 and 24 hours after unwrapping. In a second study using 
six rabbits and, following the same procedure, i r r i ta t ion was minimal. 
Scores of t (maximum score 8) were noted in five animals  at  the 2-hour 
observation; a t  the 24-hour observation, three of the five animals con- 
t inued to have reactions scored as 1 (CTFA 1974). 

Dermal Sensitization 

A group of five Hart ley albino guinea pigs was used in a modified maxi- 
mization test  of 10% Polyvinyl Alcohol in distilled water  (Shiseido Re- 
search Center 1977). On the first day of induction, a pair  of the following 
three samples (0.1 ml) were injected intradermally into the nuchal re- 
gion: emulsified Freund's Complete Adjuvant (FCA) in distilled water; 
10% Polyvinyl Alcohol in distilled water; 10% Polyvinyl Alcohol emul- 
sified with FCA. One week later, 10% sodium lauryl  sulfate (SLS) in 
petrolatum was applied to the region. One day following SLS treatment ,  
0.2 ml of Polyvinyl Alcohol was applied under a 48-hour occlusive patch. 
The control group of four animals  was treated with disti l led water  follow- 
ing the same protocol. During challenge (3 weeks following the first in- 
duction); 0.1 ml Polyvinyl Alcohol was applied under an occlusive patch 
to the flank. Reactions were scored at  24 and 48 hours after challenge 
application. No reactions were observed. 

Ocular Irritation/Toxicity 

Knight and Link (1979) investigated various mater ia ls  to find a suitable 
coating for intraocular  lenses (IOLs) made of polymethylmethacrylate 
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(PMMA) so as to reduce corneal endothelial cell loss. To evaluate ef- 
fectiveness, freshly excised rabbit corneas were touched to the coating 
material and then subjected to endothelial cell staining. On a scale of 
0-4, with 0 being no damage and 4 being extensive damage (>50%), 
the control (rabbit cornea touched to the rabbit's natural lens) scored 0, 
the untreated PMMA lens scored an average of 2.5 after static contact 
(13 samples) and 3.6 after dynamic contact (4 samples), and the Polyvinyl 
Alcohol-treated cornea scored an average of 0.7 (11 samples) after static 
contact and 0.8 after dynamic contact (9 samples). 

These authors also report three in vivo toxicity assays on Polyvinyl 
Alcohol (specific details not provided). In the first assay, five times the 
amount of Polyvinyl Alcohol as would appear on a lens was injected 
into the anterior chamber of one globe in each of 12 rabbits. Saline was 
injected into the other globe as a control. Intraocular pressure (IOP), 
slit-lamp examinations and whole-eye microscopic studies were per- 
formed regularly for 6 months. No significant differences were noted 
between the control and experimental eyes. In the second assay, radio- 
active Polyvinyl Alcohol was injected into the anterior chamber of the 
eyes of 21 rabbits. In tissue samples taken, almost 50% of the applied 
dose had cleared the globe within 45 minutes and was cleared by the kid- 
neys and excreted in the urine within 48 hours. Polyvinyl Alcohol was 
not detected in any organ, including the globe. In the third assay, 20 IOLs 
(10 coated, 10 uncoated) were unilaterally implanted in 20 cats. A sham 
operation was performed on the opposite eye. Endothelial cell counts, 
IOP measurements, pachometry, and slit-lamp examinations were per- 
formed for 6 weeks postoperatively. A reduction in endothelial cell loss 
was observed in the gloves implanted with a coated lens. No other differ- 
ences between control and treated globes were noted (Knight and Link 
1979). 

A single instillation of undiluted Polyvinyl Alcohol into the conjunc- 
tival sac of six rabbits did not produce irritation. Eyes were not rinsed 
after treatment and were scored using the Draize standard (maximum 
score 110). Similar results were reported in another study in which in- 
stillation of a peel-off mask containing 13.0% Polyvinyl Alcohol did not 
produce ocular irritation in six rabbits (CTFA 1980b). 

MUTAGENICITY 

In Vitro Bacterial 

An Ames assay was conducted using Salmonella typhimurium TA100, 
TA98, and TA1537 to test the mutagenicity of Polyvinyl Alcohol alone 
and as one of two components of a vaginal contraceptive (the other 
component being polyoxyethylenenonylether). Polyvinyl Alcohol alone 
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at concentrations up to 1000 tzg/plate did not induce stat is t ical ly signifi- 
cant numbers of rever tants  ei ther  with or without metabolic activation. 
In the case of the contraceptive, the TA98 plates with metabolic acti- 
vation did have a sl ight increase in the number of revertants,  but the 
increase was less than twice the spontaneous rate and was not consi- 
dered meaningful. All other plates tested with the contraceptive at  doses 
up to 1000/zg/ml were negative (Shibuya et al. 1985). 

In Vitro Mammalian 

Dilutions of Polyvinyl Alcohol as i t  appears with polyoxyethylenenonyl- 
ether were added to cultures of Chinese hamster  V-79 cells 48 or 72 hours 
following the s tar t  of cultivation. The cultures were mainta ined for an- 
other 24 or 48 hours, colchicine was added 2 hours prior to completion, 
the cells were isolated, and stained slides prepared. Microscopic obser- 
vations were conducted on 100 metaphase  chromosomes. The contra- 
ceptive at  concentrations between 0.0075-0.03 mg/ml did not induce 
any significant increase in chromosomal aberrations. Polyvinyl Alcohol 
alone at  a dose of 0.03 mg/ml served as a reference and was nonmuta- 
genic, producing aberrations in 4 cells as compared to the 19 cells with 
abnormali t ies induced by 0.1 lzg/ml of the positive control, Mitomycin C 
(Shibuya et  al. 1985). 

In Vivo 

Groups of six female SLC-BDF1 mice (weight not reported) were used 
in a micronucleus tes t  of Polyvinyl Alcohol, both alone and as a vagi- 
nal contraceptive with polyoxyethylenenonylether. The tes t  material(s) 
were administered to mice divided into the following t rea tment  groups: 
intraperi toneal  adminis t ra t ion of 156, 311, or 622 mg/kg of the two- 
compound mixture; a 622-mg intraperi toneal  dose of Polyvinyl Alcohol; 
or a 5-day intravaginal  dose consisting of the sheet contraceptive (26.2- 
29.8 mg). Mitomycin C (1 mg/kg) and saline (20 ml) were administered 
intraperi toneally to serve as positive and vehicle control, respectively. 
Mice were killed 24 hours after dosing; femur bone marrow was isolated 
and slides were prepared. Polychromatic erythrocytes (2000/per mouse) 
were examined by each of four examiners and the number of reticulo- 
cytes/500 erythrocytes was counted as an indicator of depression of bone 
marrow proliferation. A slight (not significant) increase in micronuclei 
for the group treated intraperi toneally with a high dose of the mixture  
was noted. No significant induction of micronuclei was noted in cells 
isolated from mice of the other t rea tment  groups, and the contraceptive 
was considered nonmutagenic. The English t ranslat ion does include the 
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statement that  polyvinyl alcohol is capable of acting as a spindle poison; 
however, no details were provided (Shibuya et al. 1985). 

CARCINOGENICITY 

The IARC monograph (1979) cited several studies which tested for the 
carcinogenicity of subcutaneous implants of Polyvinyl Alcohol sponges or 
powder. In five of the seven studies, some test animals developed tumors 
at the site of implantation. Table 2 summarizes the methods and findings 
of these studies. The IARC group considered the human and animal 
data to be inadequate and required further studies before a carcinogenic 
evaluation of Polyvinyl Alcohol could be made. In a 1987 IARC update, 
Polyvinyl Alcohol was categorized in Group 3, "not classifiable as to (its) 
carcinogenicity in humans" (IARC 1987). 

Crispens and Sorenson (1988) reported inhibition of cancer activity 
in female SJL/J mice by a copper complex (CuDIPS) delivered in a 
Polyvinyl Alcohol vehicle. This inbred mouse is characterized by a high 
susceptibility to type B reticulum cell sarcoma (RCS) (histocytic sar- 
coma). Groups of 20 mice aged 20, 30, or 40 weeks received biweekly or 
weekly subcutaneous injections (total of 6 or 12 doses) of varying con- 
centrations of the copper complex suspended in 1.4% Polyvinyl Alcohol. 
The vehicle control consisted of groups of 10 mice (in same age groups 
as experimental) receiving 0.1 ml injections of 1.4% Polyvinyl Alcohol 
alone. A negative-control group received injections of saline. Mice that  
survived for 52 weeks were killed for necropsy. The survival incidence 
was comparable among the experimental and two control groups. The 
groups receiving the copper complex did have a significantly lower in- 
cidence of RCS. The groups receiving Polyvinyl Alcohol alone had the 
same incidence of RCS as the saline controls (8/10). Polyvinyl Alcohol 
when used as the carrier had no effect on the development of RCS. 

CLINICAL ASSESSMENT OF SAFETY 

Dermal Irritation and Sensitization 

Cumulative Irritation 
Twelve panelists were instructed to place patches containing 13% Poly- 
vinyl Alcohol (in formulation) onto their backs for 23 hours of exposure 
for 21 consecutive days. Applications were made to the same site and 
were evaluated daily. The total irritation score of Polyvinyl Alcohol for 
all subjects for all 21 applications was 10 (maximum 756). The formu- 
lation containing Polyvinyl Alcohol was classified as a "mild material" 
(Hill Top Research, Inc. 1984). 
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Table 2, Carcinogenicity studies of subcutaneous implants of Polyvinyl Alcohol* 

Species, animal Method Findings Reference 

Male Wistar rats Implants of sponge into 3 local sarcomas found Oppenheimer 
abdominal wall; life-span in 34 animals; 1st et al. 1955 
observed noted on day 567 

Implants of(4 x 5 x 0.16 mm) 21125 survived to day 300; Russell et al. 
sponge into abdominal no local tumors detected 1959 
wall; survivors 
killed within 800 days 

Implants of thick (20 × 
20 x 5 mm) and thin 
(20 x 20 x 2 ram) sponges 
into right flank 

Male and female 
Wistar rats 

Chester Beatty 
rats 70 days old 

Male Holtzman 
rats 5 ~  wks old 

Albino rats 

Implant of 2 (20 mm 
diameter, 3--4 mm thick) 
sponges 

Implant of (20 x 20 x 5 ram) 
sponge into back, 
20/39 animals killed at  
intervals from 2 days 
to 1 year, other 19 
maintained until 
natural death to a 
maximum of 29 months 

14/20 with thick implant 
lived >10 months and 
developed local sarcomas; 
18/20 with thin implant 
lived >1 year and 1118 
developed a local sarcoma 

12 survived >18 months 
(original number not 
reported); 9/12 developed 
local sarcomas, 1 had tumors 
at  both implant sites 

Local tumors in 3 rats; 
2 were malignant 

Dukes and 
Mitchley 1962 

Dasler and 
Milliser 1963 

Walter and 
Chiaramonte 
1965 
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Male, Chester Implants of sponges 20 x 20 x 5 mm: local Roe, Dukes, and 
Beatty rats of varying dimensions sarcomas in 9/24 Mitchley 1967 
8 wks old into right flank; 33 × 33 x 2 mm: local 

observations made scarcemas in 1124 
until day 800 12.6 × 12~6 × 5 ram: 

local sarcomas in 5/24 
2 O x 2 0 × 2 m m :  
local sarcomas in 1124 
8 x 8 x 5 mm: local 
sarcomas in 1124 

Bethesda Implant of 500 mg of No Iocal tumors seen; Hueper 1959 
black rats polyvinyl alcohol powder 3 benign and 6 malignant 

(mo[. wt. 120,000) into tumors seen at  other 
25 animals; observed sights, in 200 controls 
for 2 years 3 benign and 17 

malignant noted 

• Commercially available sponges made of polyvinyl alcohol cross-linked with formaldehyde were used (Holund et al. 1979). 
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Human Repeat  Insult Patch Test 
A human RIPT was conducted using 100 panelists and testing a peel-off 
facial mask containing 13% Polyvinyl Alcohol. Patches containing the 
test material were applied to the backs of panelists for 24 hours of expo- 
sure three times a week for 3 weeks (nine induction patches). Following 
a 2-week nontreatment period, a 24-hour challenge patch was applied 
to a previously untreated site. Reactions were scored 24 and 48 hours 
after removal. During induction, three panelists each had one reaction 
described as "barely perceptible minimal faint (light pink) uniform or 
spotty erythema." No reactions were observed during challenge (CTFA 
1976). 

A summary of the findings of a human RIPT reported that a 5.00% 
effective concentration of Polyvinyl Alcohol (tested in a noncosmetic pro- 
duct) did not induce allergic contact sensitization in any of 104 panelists. 
No evidence was found of "significant" dermal irritation during either 
the induction or challenge phase (TKL Research 1991). 

In-Use Study 
A 4-week use study was conducted testing a facial mask containing 13% 
Polyvinyl Alcohol. Fifty-two women who were not regular users of facial 
masks applied the product to half of the face three times per week (12 
applications). A control facial mask was applied to the other side of the 
face. Evaluations were made by dermatologists at the start  of the study 
and 1, 2, and 4 weeks after product usage. Four panelists each had one 
reaction; two of these four had barely perceptible scaling, the third had 
barely perceptible dryness, and the fourth had mild irritation. These 
reactions were not considered product induced (Industrial Bio-Test Lab, 
Inc. 1975). 

The above-described protocol was used in a second study testing a 
peel-off facial mask containing 13% Polyvinyl Alcohol. In this study, 
21 of 54 panelists had "intermittent changes in facial skin condition 
(transient redness and/or acne)." In all but four cases, the findings were 
not of clinical significance. One subject developed erythema after the 
first three applications, which was considered as resulting from pulling 
during mask removal. The second subject experienced transient postap- 
plication erythema following applications 7 and 10. The third subject 
experienced slight nasal erythema after the first application and "slight 
tingling and tightness" after applications 4 and 5 which the researchers 
attributed to unfamiliarity with mask use. The fourth subject experi- 
enced slight dryness and erythema at various times on the cheek treated 
with the control mask and on both cheeks after application 7, which was 
relieved with moisturizer (CTFA 1977a). 
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Ocular Irritation 

Fassihi and Naidoo (1989) conducted a double blind cross-over study 
using four commercial tear-replacement solutions on 16 subjects, six of 
whom were afflicted with dry eye syndrome. Of the four formulations 
tested, one contained 1.4% Polyvinyl Alcohol along with 0.5% chloro- 
butanol. In addition, two control solutions were prepared containing 
1.4% Polyvinyl Alcohol in saline and 1.4% Polyvinyl Alcohol in saline 
preserved with 0.5% chlorobutanol. On each of 6 days, subjects were 
administered three test solutions, i drop (50/~l) in the conjunctival sac 
of both eyes at 0800, 1200, and 1600 hour. The commercial formulation 
containing Polyvinyl Alcohol was instilled on days 1, 3, and 5 whereas 
the control Polyvinyl Alcohol solutions were instilled on days 2, 4, and 6. 
Subjects scored their own response after the drops were administered. 
Nine of the 16 panelists reported irritancy and reddening to the control 
Polyvinyl Alcohol with chlorobutanol solution; these same nine reported 
an identical irritancy response to the commercial solution containing 
Polyvinyl Alcohol and chlorobutanol. None of the panelists reported any 
discomfort after instillation of the control solution containing Polyvinyl 
Alcohol alone. 

SUMMARY 

Polyvinyl alcohol is a synthetic alcohol with molecular weights ranging 
from 25,000 to 300,000. It is used as a binder, film former, and visco- 
sity increasing agent. As of January 1996, it was used in 37 cosmetic 
formulations. It is approved for use as an indirect food additive. 

Polyvinyl alcohol administered subcutaneously to Lewis rats was al- 
most exclusively localized in the glomerular mesangium. Macrophages 
played a primary role in its uptake. Polyvinyl alcohol was  identified as 
a nonimmunogenic polymer. 

Two samples of polyvinyl alcohol each with a reported purity of 100% 
(and unknown molecular weights) had oral LD50 values in male albino 
rats of >10 g/kg body weight and >21.5 g/kg body weight, respectively. 
Various lesions and hypertension were noted in rats following repeated 
subcutaneous or intravenous dosing. Anemia, glomerulonephritis, and 
central nervous system depression developed in beagle dogs following 
repeated intravenous dosing. In one snbchronic dermal study, increasing 
irritation was found in female rats following repeated exposure to 13% 
Polyvinyl Alcohol. Other animal studies found no evidence of irritation 
or sensitization. 

Polyvinyl alcohol was nonmutagenic in the Ames and micronucleus 
assays as well as in an assay using Chinese hamster cells. The IARC 
working group categorized Polyvinyl Alcohol as a Group 3 agent, "not 
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classifiable as to (its) carcinogenicity in humans". Subcutaneous injec- 
tions of 1.4% Polyvinyl Alcohol did not affect the rate of type B ret iculum 
cell sarcoma (RCS) in SJL/J  mice. 

Polyvinyl Alcohol was not an ocular i r r i tan t  in either in vivo animal  
studies or in a clinical study. In an RIPT assay, 5.00% Polyvinyl Alcohol 
did not induce sensitization and no significant dermal i rr i ta t ion was 
noted. 

DISCUSSION 

In assessing the safety of Polyvinyl Alcohol, the CIR Expert  Panel was 
concerned over an absorbance peak at  325 nm in a commercial grade 
Polyvinyl Alcohol (Haskell Laboratories 1960). As this peak was not 
noted in a laboratory-created solution of radioactive Polyvinyl Alcohol, 
the Panel was of the opinion tha t  the absorption peak would not be 
found in cosmetic material .  Recent data  confirms the absence of UV 
absorbance in Polyvinyl Alcohol preparations (CTFA 1995b). 

The Panel noted tha t  a peel-off facial mask containing 13% of the 
ingredient  caused increasing dermal irr i tat ion in female rats  in a sub- 
chronic study (CTFA 1977b). However, clinical studies did not indicate 
s imilar  irritation. In an RIPT study, 13% Polyvinyl Alcohol had a low 
incidence of irr i tat ion during induction (three of 100 panelists each had 
one instance of a "barely perceptible" reaction), and no evidence of sen- 
si t ization upon challenge (CTFA 1976). Further, a cumulative i rr i ta t ion 
study using 12 panelists  and 13% Polyvinyl Alcohol reported a total irri- 
tat ion score of 10 out of a possible 756 maximum (Hill Top Research, Inc. 
1984). The bulk of animal data supported tha t  Polyvinyl Alcohol was safe 
a t  higher  concentrations. No changes were found in rabbits following a 
single dermal exposure or in albino rats  following short-term dermal 
exposure to undiluted Polyvinyl Alcohol (CTFA 1995c; 1975). The Panel 
holds the opinion tha t  the ingredient  does not present a reproductive 
or developmental toxicity risk. No ocular irr i tat ion was noted in rabbits 
following inst i l lat ion of undiluted Polyvinyl Alcohol (Knight and Link 
1979; CTFA 1995b). The Panel concluded tha t  Polyvinyl Alcohol was 
safe as used in cosmetics. 

The Panel is aware of an ongoing study under the National Toxicology 
Program and expects to review this conclusion when those results  are 
available. 

CONCLUSION 

Based on the available data, the CIR Expert  Panel concludes Polyvinyl 
Alcohol to be safe as used in cosmetic formulations. 
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