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Diethylnitrosamine (DEN) and dimeth- 
ylnitrosamine (DMN) given orally can in- 
duce hepatic tumors in various experimental 
animals. DEN had tumorogenic action on the 
liver in rats ( 1, 10) , guinea pigs (2, 6 ) ,  and 
in hamsters (7). DMN induced hepatic tu- 
mors in rats ( I ,  8), and in hamsters ( 7 ,  5) .  
An interesting finding in DEN-treated guinea 
pigs was the presence of pre- and neoplastic 
lesions in bile duct epithelium (2). I t  was 
suggested that intrahepatic bile duct lesions 
might be the precursors of the carcinomas 
with adenomatous pattern (2 ) .  High inci- 
dence of cholangio-carcinomas in hamsters 
given DMN (1 1) seemed to indicate that 
both nitrosamines are carcinogenic for the bil- 
iary tract. However, the localization of neo- 
plasm in the gallbladder is not frequently 
found in DEN-treated animals: Over 100 
guinea pigs received DEN and most of them 
had lesions in intrahepatic bile ducts, but 
only in one animal gallbladder tumor was 
found (2) .  No gallbladder malignancy was 
found in 519 hamsters, treated with DMN 

We wondered, therefore, whether a chron- 
ic, nonspecific irritation of gallbladder mu- 
cosa, induced by an “experimental gallblad- 
der stone” will predispose nitrosarnine-treated 
animals to the appearance of gallbladder ne- 
oplastic lesions. 

The association of gallbladder carcinoma 
with gallstones in man appears to be of high 
incidence (9) and i t  is possible that an etio- 
logical relationship between the two condi- 
tions does exist. Various intracholecystic pel- 
lets were used previously (3) in an attempt 
to produce gallbladder tumors in animals. We 
found that only pellets containing a carcino- 
gen were able to induce biliary tumors in 
hamsters (3-5). However, we considered the 

(11). 

possibility that, in the presence of prolonged 
exposure to an oral carcinogen, specifically 
affecting the biliary tract, an intracholecystic 
foreign body may enhance the neoplastic 
transformation of gallbladder mucosa. 

Materials and Methods. Male hamsters 
(Mesocricetus auratus) having initial body 
weight 94 g (86-119) were used in this ex- 
periment. LY-ni trosodiethylamine ( DEN) 
and dimethylnitrosamine (DMN) , purchased 
from Eastman Organic Chemicals (USA) , 
were dissolved in tap water and given as sole 
drinking fluid, during the experimental peri- 
od. Respective dosage, per 1000 ml of water, 
was 0.159 ml for DEN and 0.02 ml for 
DMN. Surgery was done under sodium pen- 
tobarbital anesthesia (30 mg/kg of body wt). 
After median epigastric incision 1.5 cm long, 
the gallbladder was exposed, the fundus was 
incised (3), and a cholesterol pellet was 
placed inside. The incision was closed with 
6-0 silk. Muscles and skin were closed with 
4-0 chromic gut. Cholesterol pellets (12) 
were 3 mm long and weighed from 13 to 15 
mg. In  sham-operated hamsters, a similar 
procedure, with exception of the implant of 
pellets, was followed. The exposure to car- 
cinogen began 1 day after surgery. Hamsters 
were divided into the following groups: (i) 
normal controls, no surgery, no carcinogen; 
(ii) cholesterol pellets implanted, no carcino- 
gen; (iii) receiving DEN and having choles- 
terol pellets implanted; (iv) receiving DEN 
and sham operated; (v)  receiving DMN and 
having cholesterol pellets implanted ; (vi) 
receiving DMN and sham operated. 

Attempts to detect tumors by palpation 
were made but considered unreliable. It was 
decided to sacrifice the animals in small 
groups, when they were visibly ill. Some 
hamsters died spontaneously and were in- 
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FIG. 1. Atypical epithelial cells in a gallb1,adder of hamster, exposed t o  oral DMN and having 
intracholecystic pellet; H & E, X300. 

cluded in these groups. Any remaining 
treated animals were sacrificed at  the end of 
the 22nd week of treatment. Autopsies were 
concerned essentially with the livers and gall- 
bladders, according to the purpose of this 
experiment. These organs were fixed in 10% 
neutral formalin and stained routinely with 
hematoxylin and eosin (H & E) . 

Results. Table I summarizes the data on 
pathological findings in six goups of ham- 
sters. It shows that both nitrosamines used in 
this experiment produced hepatic tumors. 
Hepatocellular and cholangio-carcinomas 
found in our hamsters were identical to those 
described in detail by other investigators ( 1 ,  
2, 7, 8, 10, 1 1 ) .  Previously reported bile 
duct proliferation in nitrosamine-treated ani- 
mals (2 ,  11) were also present. We found, 
however, marked difference in the action of 
the two carcinogens on bile ducts. In  DEN- 

treated animals proliferating bile ducts usual- 
ly surrounded the regenerating hepatic nodu- 
les. Bile ducts were lined with cuboidal cells 
and areas of cystic formations were present. 
Bile duct proliferation in DEN-treated ham- 
s ters was merging into cholangio-carcinomas. 
These tumors showed budding of malignant 
cells from the ducts. 

In DMN-treated animals the proliferating 
bile ducts were lined with atypical epithelial 
cells. These cells, present also in some gall- 
bladders of DMN-treated hamsters (Fig. 1 )  , 
showed abnormalities in nuclear polarity, 
crowding and variation in size and shape of 
nuclei, hyperchromatism and an increase in 
the number of mitotic figures. Only DMN- 
treated animals had carcinomas in their gall- 
bladders. These were found in 68% of ani- 
mals, having cholesterol pellets in gallblad- 
der. In  only one animal of the DMN series 
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FIG. 2 .  Papillary adenocarcinoma of gallbladder in a hamster, exposed for 9 weeks (to oral DMN 
and having intracholecystic pellet; H & E, X300. 

having no cholesterol pellet, gallbladder car- 
cinoma was diagnosed. From 13 gallbladder 
tumors, 5 were of the papillary variety (Fig. 
2 ) ,  and 8 were diagnosed as poorly differenti- 
ated tumors. A detailed description of gall- 
bladder tumors in hamsters was given previ- 
ously ( S ) ,  and will not be repeated in the 
present preliminary report. A separate study 
on histopathology of DMN induced changes 
in biliary tract and gallbladder carcinomas is 
now in preparation. 

Discussion. It appears from this prelimi- 
nary study that the presence of an in- 
tracholecystic foreign body, combined with 
exposure to an oral carcinogen specifically 
affecting the biliary tract, did indeed enhance 
the neoplastic transformation of hamster’s 
gallbladder. Both carcinogens studied in- 
duced hepatic cellular and cholangio- 
carcinomas. Both had a very marked effect 

on the Proliferation of bile ducts. These re- 
sults agree with previously reported studies 
on postni trosamines hepatic tumors ( 1 1 ) . 
However, a very marked difference was ob- 
served in their action on bile ducts. I n  DEN- 
treated hamsters, essential component of he- 
patic pathology were regenerating nodules 
surrounded by proliferating bile ducts. No 
gallbladder carcinomas were found in DEN- 
treated hamsters. 

In DMN-treated animals, marked dysplas- 
tic changes were observed in the intrahepatic 
bile ducts and were associated with bile duct 
proliferation. 

I t  is probable the DMN-induced epithelial 
dysplasia of bile ducts and gallbladder rep- 
resents an important premalignant trans- 
formation. I t  is unlikely that this is an acci- 
dental finding. Gallbladder pellet alone had 
no carcinogen effect even after 40 weeks fol- 
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lowing pellet implantation. Such a pellet did 
not enhance gallbladder malignancy in DEN- 
treated hamsters, in which no epithelial dys- 
plasia occurred in bile ducts. One can con- 
clude that the presence of experimental gall- 
bladder stones did enhance malignant trans- 
formation of gallbladders in hamsters exposed 
to the carcinogen DMN, which is able to 
induce epithelial dysplasia of bile duct and 
gallbladder epithelium. 

Summary. Hamsters having or not surgi- 
cally implanted intracholecystic cholesterol 
pellets were given carcinogen diethylni trosa- 
mine (DEN) or dimethylnitrosamine 
(DMN), dissolved in drinking water. Ex- 
posure to these carcinogens lasted from 8 to 
22 weeks. No gallbladder tumors were found 
in DEN-treated hamsters, having or not in- 
tracholecystic “experimental stones.” In 
68% of hamsters exposed to DMN and hav- 
ing gallbladder pellets, adenocarcinomas were 
found. Only one gallbladder tumor was de- 
tected in DMN-treated animals who had no 
gallbladder pellet. I t  was concluded that “ex- 
perimental ,gallbladder stone” enhanced the 
malignant transformation of gallbladder mu- 
cosa in DMN-treated hamsters. I t  was con- 
sidered probable that dysplasia of bile duct 
and gallbladder epithelium observed only in 
DMN-treated animals represents a premalig- 
nant lesion. Presence of this premalignant 
lesion associated with nonspecific irritation of 
gallbladder mucosa by a “stone” may be 

considered an important etiological factor 
contributing to gallbladder malignancy in 
hamsters. 

Mr. G. Chmura, Mrs. E. Dimitrov and Mr. K. 
Lazenby are thanked for their very valuable techni- 
cal assistance. 

~~~ ~ 

1. Argus, M. F., and Hoch-Ligeti, C., J. Nat. 
Cancer Inst. 27, 695 (1961). 
2. Argus, M. F., and Hoch-Ligeti, C., J. Nat. 

Cancer Inst. 30, 533 (1963). 
3. Bain, G. O., Allen, P. B. R., Silbermann, O., 

and Kowalewski, K., Cancer Res. 19, 93 (1959). 
4. Bain, G. O., Gort, J., Pawluk, W., Retzer, O., 

Husain, S. and Kowalewski, K., Acta Gastro- 
Enterol. Belg. 24, 125 (1961). 
5. B,ain, G. O., and Kowalewski, K., Can. J. Surg. 

4,338 (1961). 
6. Druckrey, H., and Steinhoff, D., Naturwissen- 

schaften 49, 497 (1962). 
7. Herrold, K. M., and Dunham, L. J., Cancer Res. 

23, 773 (1963). 
8. Magee, P. N., and Barnes, J. M., Brit. J. 

Cancer 10, 114 (1956). 
9. McLaughlin, C. W., Jr., Surgery 56, 757 

(1964). 
10. Schmahl, D., Preussmann, R., and Hamperl, 

H., Naturwissenschaften 47, 1 (1960). 
11. Tomatis, L., Magee, P. N., and Shubik, P., J. 

Nat. Cancer Inst. 33,341 (1964). 
12. Wieder, R., and Shimkin, M. B., J. Nat. 

Cancer Inst. 32, 957 (1964). 

Received Sept. 2, 1970. P.S.E.B.M., 19’71, VQI. 136. 


