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Polyurethane is being used increasingly in industry and everyday life [10]. Its use in medic ine  has also been 
reported. Polyurethane has begun to be used in r ep l acemen t  surgery [1, 2]. Sponge, including synthetic,  is often 

used as a container  for contracept ives  [9]. However, the molecu le  of this polymer contains a urethane group, which 

makes the study of its potent ia l  carcinogenic  ac t ion ex t remely  important .  

The ob jec t  of the present invest igat ion was to study the carcinogenic  act ion of polyurethane when introduced 

int ravaginal ly  into mice .  

E X P E R I M E N T A L  M E T H O D  

Experiments were carried out on virgin female  mice  of line CC57W, mostly in tac t  but in some cases castrated 

(in previous experiments,  following intravaginal  adminis trat ion of a carcinogen,  castrat ion acce le ra ted  the carc ino-  
genic process in the ep i the l ium of the cervix uteri). Castration was carried out 5-8 days before the beginning of the 
introduction of polyurethane.  The in i t ia l  age of the animals was 1.5-2 months. 

A smal l  p iece  of polyurethane sponge weighing about I m g  was inlroduced into the vagina (a t t empt ing  to 
p lace  it as deep as possible into the vagina) with ophthalmic  forceps twice a week for a period of 60-64 days. At 

the end of the exper iment  the animals  were ki l led with chloroform. 

The ma te r i a l  was fixed in 10% formalin solution and embedded in pgraffin wax. In 20 cases total  frontal sec-  

tions were cut  through the uterus and vagina along the long axis of the organ so that  the preparat ion contained the 
various parts of the uterus, the cervix,  and the vagina at the same t ime .  In the other cases, transverse sections were 
cu t - th rough  the middle  third of the vagina,  where the greatest changes took place.  The sections were stained with 
hematoxyl in-eos in ,  and in 20 cases in addit ion with hema toxy l in -muc ica rmine  (to de tec t  mucus in the epithelium). 

Only those cases in which h is to logica l  studies were carried out were taken into account. 

E X P E R I M E N T A L  R E S U L T S  

The results obtained are shown in the table.* 

Pathohistological  Changes in the Epithelium of the 

Cervix Uteri and Vagina of Mice Following 
Int ravaginal  Introduction of Polyurethane 

No. of 
Animals 

animals  

n tac t  60 
Castrated 1 g 

Tota l  7 g 

Pathohistological  changes 

focal  pap i l -  
in i t ia l  

ep i the l i a l  lomas 

29 11 17 
7 - 9 

Ii 2G 

The in i t ia l  changes in the epi the l ium (see table,  co l -  
umn 1) consisted mainly  of disturbances of maturat ion,  as re -  
vea led  by irregulari ty of the thickness of the different parts of 
the ep i the l ium and the formation of smal l  endophytic  ep i the -  
l i a l  processes; cases are included in column 2 of the table,  in 
which ep i the l i a l  processes, invading the underlying connect ive 
tissue par t icular ly  deeply  and forming side branches were pres- 
ent ince r ta in  parts of the mucous membrane of the vagina and cer-  
vix; column 3 contains cases in which exophytic  nodules of mixed 

*Al l  the pathohis tological  changes corresponded to those observed in the precancer period in experiments which 
have already' been comple ted  and described in which the carcinogenic  substance 9, 1 0 - d i m e t h y l - l , 2 - b e n z a n t h r a c e n e  
was introduced intravaginal ly  into mice .  Characterist ic  bifunct ional  changes also appeared in the epi the l ium [4, 5]. 
For this reason the same class i f icat ion of the pa tho log ica l  changes is used as was previously adopted by the author 
[4]. It corresponds to the general  c lass i f icat ion of precancerous changes proposed by L. M Shabad [7, 8]. 
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Fig. 1. Papilloma in the vagina of a mouse arising following intravaginal 
applications of polyurethane. The epithelium of the papilloma is strati- 
fied squamous, keratinizing. Hematoxylin-eosin. Magnification 70x. 

epithelial and connective tissue hyperplasia were found, morphologically similar to papillomas, but differing from 
the usual papillomas in a very characteristic feature: in some cases their epithelium showed signs of being stratified 
squamous, and to some extent keratinizing, while in other cases it was stratified squamous and prismatic (forming 
mucus) simultaneously (Figs. 1 and 2). The bifunctional nature of the epithelium of the papillomas was found in 12 cases. 

It is clear from the table that in the group of intact mice papillomas appeared in 17, and endophytic foci of 
proliferation in 11 of 60 cases; initial changes were present in 29 animals (in 3 mice the mucous membrane of the 
vagina appeared normal). In the group of castrated mice papillomas were found in 9 and initial changes in 7. In 
this group no animals without pathological changes were found. The number of castrated animals was small and it 
was, therefore, difficult to compare the rate of development of the pathological changes in the two groups of ani- 
mals (castrated and intact). Foci of proliferation were also found in the mice with papillomas. 

Altogether, pathological changes were found in 73 of 76 cases, including changes so severe that they corre- 
sponded, in their morphological signs, to precancerous changes following administration of a carcinogen (foci of 
proliferation and papillomas) in 37 of 76 cases, i.e., in about half the animals. 

In all the investigated mice inflammatory changes were present in the wall of the vagina in the form of mod- 
erate infiltration of leukocytes. 

Because of the experimental conditions, only the morphological character of the pathological changes in the 
epithelium caused by intravaginal application of the polyurethane sponge was studied. These changes were similar 
:o the precancerous changes observed during the first three stages of the process of carcinogenesis following admin- 
istration of 9,10-dimethyl-l,2-benzanthracene [4, 5]. However, the rate of development of the pathologicalchanges 
was different in this case. For instance, application of the polyurethane sponge, continuing for two months, led only 
to the appearance of papillomas (in both intact and castrated animals), whereas at the end of this period in the ex- 
periments with the carcinogen, malignant tumors were frequently present. The problems of the subsequent fate and 
the nature of the pathological changes caused by polyurethane have not yet been solved and more prolonged experi- 
ments are necessary for this purpose. 

The introduction of the polyurethane sponges was accompanied by the development of inflammatory foei of 
infiltration in the underlying connective tissue, whereas, no inflammatory changes were present during the inl~a- 
vaginal application of the carcinogen [4, 5]. The carcinogen evidently suppressed them [3, 6]. 

Prior to the clinical application of polyurethane, during experiments on animals lasting 1 year (implantation of 
polyurethane sponge beneath the mammary glands of mice FI1], replacement of a defect in the musculoaponeurotic 
layer of the anterior abdominal wall of rabbits with a porous polyurethane plate [2]), no tumors developed. The use 
of polyurethane sponge for speeding the union of the fragment in experimental fractures of the mandible also did not 
lead to the appearance of tumors [14]. 
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Fig. 2. Papilloma of the vagina of another mouse, also arising following 
intxavaginal applications of polyurethane. Hematoxylin-eosin. I - M a g -  
nification 60x; II--magnification 120X. The epithelium of the papilloma 
showed evidence of being stratified squamous and prismatic at the same 
time (on staining with mucicarmine mucus is seen in the pale cells). 

More recently, however, in more prolonged experiments lasting about 2 years [12, 13], implantation of poly- 
urethane beneath the skin and in the abdominal cavity of rats has given rise to tumors. The formation of tumors 
was observed following implantation of polyurethane in various physical s ta tes -as  plates, powder, or foam. The 
view has been expressed [12, 18]that parenteral administration of polyurethane is dangerous; it is also considered 
that workers inhaling polyurethane dust at work should remain under medical  supervision. The present results cor- 
respond to some extent with this information. Both show the need for definite awareness of the risk of cancer when 
polyurethane is used in medical  practice. Its use in contraceptives, or in replacement,  plastic or reparative surgery 
must be considered premature. 

Systematic intravaginal applications of polyurethane in mice (in the form of a synthetic sponge) thus led in 
the Course of two months to the appearance of pathological changes morphologically similar to precancerous changes 
observed following application of a powerful carcinogenic substance (9, 10-dimethyl- l ,2-benzanthracene)  intra- 
vaginally. .  These results are in agreement with reports in the literature suggesting the carcinogenic action of poly- 
urethane when administered parenterally. 
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All abbreviations of periodicals in the above bibliography are letter-by-letter translitera- 
tions of the abbreviations as given in the original Russian journal. Some or all of this peri- 

odical l i terature may  we l l  be avai lable  in E n g l i s h  translation.  A complete list of the cover-to- 
cover English translations appears at the back of the first issue of this year. 
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