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A series of experiments was devised to determine possible modifying effects of stress, aspirin, and sodium 
taurocholate on the activity of N-methyl-N'-nitro-N-nitrosoguanidine (MNNG) in the Buffalo rat stomach. 
MNNG is a well known, direct-reacting carcinogen, and has been a reliable agent for the experimental 
production of gastric adenocarcinoma. The authors were able to produce adenocarcinomas in rats, but 
found a great number of gastric leiomyosarcomas. These occurred only in the groups given MNNG in 
combination with stress, aspirin, or sodium taurocholate, and did not occur in experimental groups given 
either MNNG, stress, aspirin, or sodium taurocholate alone, and did not occur in the control group. 
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HE 1967 report of Sugimura and Fujimura on gastric T adenocarcinoma developing in the Wistar rat after 
the continuous administration of N-methyl-N'-nitro-N- 
nitrosoguanidine (MNNG) provided a reliable experi- 
mental model for inducing and studying this malignancy.' 
Many inve'stigatofs have utilized this model to study the 
experimental pathogenesis and developmental histopa- 
thology of gastric adenocarcinoma in rats,*-'  hamster^,^ 
and  dog^.^.^,'^ 

We designed a series of experiments to determine pos- 
sible modifying effects of stress, aspirin (ASA), and sodium 
taurocholate (NaTC) on the activity of MNNG in the 
Buffalo rat stomach. We anticipated confirmation of the 
work of Sugimura and Fujimural and others cited above, 
and were surprised to find that leiom yosarcoma developed 
more often, in this experiment, than adenocarcinoma. 

Materials and Methods 

Young male Buffalo rats, approximately 8 weeks of 
age and averaging 150 g in weight, were maintained on 
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laboratory chow (Rodent lab chow #500 I ,  Ralston Purina, 
St. Louis, MO) for the entire experiment. Eight experi- 
mental groups were devised. 

Group 1 

Twenty-four rats were maintained only on laboratory 
chow and water ad libitum with an average consumption 
of 315 ml/week. Twelve of these died spontaneously, 
without macroscopic evidence of tumor, between 280 
and 396 days after the start of the experiment. Animals 
were killed for the purpose of examination between 383 
and 560 days after the start of the experiment; six rats 
were more than 500 days. 

Group 2 

Twenty-three rats were maintained on the group I 
(control) regimen and, in addition, were subjected to 
stressful stimulus by being placed in a restraining cage 
which prevented movement. This was done for 24-hour 
periods, twice weekly, for as long as 80 weeks. During 
these 24-hour stress periods, they were food-and-water 
restricted. The average water consumption was 294 ml/ 
week. One animal was lost. Ten others were only mac- 
roscopically examined. All of the rest were macroscopi- 
cally and microscopically studied, eight after 567 exper- 
iment days. 

Group 3 

Fifteen rats were maintained on the control diet (group 
1 )  and also acetylsalicylic acid (ASA) in doses of 3250 
mgm/liter water given ad Iibilum. The average water con- 
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sumption was 182 ml/week. Thirteen rats were examined 
macroscopically and microscopically. Twelve were ex- 
amined after more than 350 days of experiment, of these 
eight had more than 500 days. 

Group 4 

Fifteen rats were given group 1 (control) diet and, in 
addition, 5.0 mMol (2.68 g)/L sodium taurocholate 
(NaTC) was given dissolved in water. The average water 
consumption of this group was 350 ml/week. One rat 
was lost after 357 days. All others were macroscopically 
studied: 1 I ,  all of which had more than 450 experiment 
days, were also subjected to histologic examination. 

Group 5 

Twenty-four rats were maintained on laboratory chow 
and were given deionized water to which MNNG (Aldrich) 
was added ( 167 ug/ml). The average water consumption 
was 182 ml/week. Six rats died between 1 12 and 266 
days. Two rats were lost. Sixteen rats survived 3 15 to 504 
days and were examined macroscopically and micro- 
scopically. 

Group 6 

Twenty-four rats were given MNNG, as in group 5, 
and, in addition, were subjected to the stressful stimulus 
administered to group 2 rats. Seven of the rats were not 
alive more than 252 days and, at that time, had no ev- 
idence of tumor. Animals were killed from 301 to 560 
days after the start of the experiment and examined. Av- 
erage water consumption was 161 ml/week. 

Group 7 

Twenty-one rats received MNNG, as in group 2, and 
also received ASA, as in group 3. One rat was lost at 357 
days. The 20 other rats were examined between 245 and 
462 days; the 17 studied microscopically as well as mac- 
roscopically had more than 300 days of experimental 
diet. Average water consumption was 168 ml/week. 

Group 8 

Twenty-nine rats were given MNNG, as in group 2, 
and, in addition, also were given NaTC as in group 4. 
Two rats were lost at day 245. All others were examined 
between I75 and 456 days after the start of the experiment. 
The 2 1 rats examined macroscopically and microscopi- 
cally had 294 to 456 days of experiment. The average 
water consumption was 196 ml/week. 

The esophagus, stomach, and proximal small intestine 
of all rats were opened along the line of the greater cur- 
vature of the stomach. The stomachs were measured along 

both lesser and greater curvatures and tumors and tumor- 
like changes were measured both in terms of the dimen- 
sions of the lesions and in relation to anatomic landmarks. 
Representative sections were taken for histologic studies 
from the cardioesophageal junction, midfundus, and py- 
loric regions in all rats, and one or more sections were 
taken from all lesions. Tissues were fixed in 4% buffered 
formalin, embedded in paraffin, and, after sectioning, 
stained with hematoxylin and eosin (H & E) and, in some 
cases, the Masson’s trichrome method to demonstrate 
muscle fibers and connective tissue. Selected tissues were 
postfixed in osmium tetroxide and processed for exam- 
ination with the JEM lOOCX transmission electron mi- 
croscope (Jeol, Ltd., Tokyo, Japan). 

Results 

The results are summarized in Table 1. The single 
most frequent morphologic abnormality was leiomyo- 
sarcoma of the stomach, histologically confirmed in 15 
rats. All of the leiomyosarcomas were nodular gastric 
masses, with varying degrees of ulceration (Fig. 1). They 
were from 1.5 cm to 5.5 cm in greatest dimension. The 
diagnosis of leiom yosarcoma was established by the rec- 
ognition of highly cellular, nonencapsulated, and infil- 
trating tumors composed of interlacing bundles of spindle- 
shaped cells with recognizable myofibrils, varying 
amounts of eosinophilic cytoplasm, and fusiform nuclei 
(Fig. 2). Infiltration, in most cases, extended into the 
muscularis propria. The interlacing tumor fascicles tended 
to be irregular with considerable cellular pleomorphism, 
uneven nuclear membranes, prominent nucleoli, and at 
least two mitoses per 10 high power fields (HPF). Although 
there were scattered rounded or polygonal eosinophilic 
cells in a number of tumors, only one of the tumors 
showed features of leiomyoblastoma.” The smooth mus- 
cle character of representative tissues was confirmed ul- 
trastructurally (Fig. 3). All of the rats developing leio- 
myosarcoma had been maintained on the MNNG diet 
in combination with either stress (group 6), ASA (group 
7), or NaTC (group 8). Leiomyosarcomas were found as 
early as day 369 in group 7, day 370 in group 8, and day 
473 in group 6. Leiomyosarcoma did not develop in any 
other experimental group or in the control group. Infil- 
trating gastric adenocarcinoma developed in eight rats 
and epithelial dysplasia, varying from moderate to severe, 
and including noninfiltrating (“in situ”) malignant 
change, was present in 13 rats: 2 of the rats with ade- 
nocarcinoma also had epithelial dysplasia. These rats all 
received MNNG, either alone (group 5) ,  or in combi- 
nation with one of the other experimental agents (groups 
7 and 8). 

No evidence of a neoplastic process could be found in 
control rats (group I),  in the rats subjected to stress but 
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TABLE I .  Results of Experimental Groups 

Experimental group (no. of animals) Leiomyosar BSCP Adenocar ED Schwan Neurosar UWT Unre 

Control diet ( I  2) 0 0 0 0 0 0 0 12 
Control diet + stress ( 13) 0 0 0 0 0 0 0 13 
Control diet + ASA ( I  3)  0 0 0 0 0 0 0 13 
Control diet + NaTC (4) 0 0 0 0 0 0 0 I I  
Control diet + MNNG (16) 0 2 2 2 0 I 0 9 
Control diet + MNNG + stress ( I  7) 2 I 0 2 I 0 I I I  
Control diet + MNNG + ASA (16) 7 3 4 4 0 0 I 2 
Control diet + MNNG + NaTC ( 2  I ) 6 0 2 5 0 0 0 9 

Total 15 6 8 13 I I 2 80 

Leiomyosar: Leiom yosarcoma: BSCP: Benign spindle cell proliferation; 
Adenocar: Adenocarcinoma: ED: epithelial dysplasia: Schwan: Schwan- 
noma; Neurosar: Neurosarcoma; UWT: ulcer, without tumor; Unre: 

maintained on a control diet (group 2), or in those rats 
whose diets were supplemented only with either ASA 
(group 3) or NaTC (group 4). For this study, metastases 
were not evaluated. 

Four of the rats who developed gastric leiomyosarcoma 
also developed gastric adenocarcinoma. In addition, six 
of the rats with leiomyosarcoma had varying degrees of 
epithelial dysplasia. One rat, in group 5 ,  developed an 
undifferentiated malignant spindle cell tumor, with rare 
areas of rosette-formation, which we classified as a neu- 
rosarcoma, and one rat, in group 6, developed a tumor 
histologically indistinguishable from a schwannoma. 

A benign spindle cell proliferation, generally consisting 
of fibroblasts and capillaries, indistinguishable from gran- 

FIG. I .  Representative macroscopic appearance of gastric leiomyo- 
sarcoma (E: esophagous; S: stomach; L: leiomyosarcoma). 

unremarkable; ASA: aspirin; NaTC: sodium taurocholate: MNNG: 
N-methyl-N-nitro-N-nitrosoguanidine. 

ulation tissue, lacking significant numbers of smooth 
muscle cells as demonstrable with chromotrope aniline 
blue (CAB) staining, and not always associated with mu- 
cosal ulceration, was evident in six rats. It was also found 
in one rat with leiomyosarcoma and, in areas, merged 
imperceptibly into the malignant process. Degrees of 
spindle cell dysplasia, consisting of decreased capillary 
component, increased spindle cell component, and pleo- 
morphism of spindle cells, could be recognized. Although 
the spindle cell proliferation did not include recognizable 
smooth muscle cells, there was, in this one case, an area 
of transition to the frankly malignant process. 

Discussion 

Leiomyosarcomas of the human stomach are rare, 
compromising about 1% of tumors''.'' and are generally 
large, lobulated. nonencapsulated fleshy masses, with 
varying degrees of hemorrhagic necrosis, and cystic 
change. Histologically, leiomyosarcomas are cellular tu- 
mors consisting of interlacing bundles of elongated cells 
with generally eosinophilic cytoplasm and fusiform nuclei. 
The determination, and grading, of malignancy in smooth 
muscle tumors of the stomach is based on evaluation of 
degree of cellularity, pleomorphism, presence of mitotic 
activity, and other cytologic features."-14 

Benign and malignant mesenchymal tumors of the 
stomach have been induced in animals given MNNG 

or in combination with other chemical 
 substance^,'^.^' physical agents," surgical modification of 
gastric secretory activity," or after the mechanical pro- 
duction of gastric ulcers.16 These tumors have been var- 
iously described as leiomyomatous tumor,* leiomy- 
0ma,4.5,8 le iomy~sarcorna,~,~.~ f ib r~sa rco rna ,~ ,~ , '~  heman- 
giosarcoma,16 spindle cell proliferation, l 9  spindle cell 
~ a r c o m a , ~ . ' ~  neurinoma," and sarcoma. I 5 . l 7  In general, 
the mesenchymal tumors have not received emphasis, 
and there has not been detailed histologic descriptions of 
most of these tumors. 

alone2,4.5.9.10. 15.16 



No. 5 EXPERIMENTAL LEIOMYOSARCOMA - Cohen et al. I09 1 

Adenocarcinoma has almost always been the major 
tumor produced in experiments using MNNG as a car- 
cinogen in Wistar rats. The notable exception to this was 
the work of Mori and associates, in which the possible 
promoting effect of vagotomy and pyloroplasty on MNNG 
induced carcinogenesis was evaluated.” They found that 
more than 60% (23/38) of the animals subjected to va- 
gotomy and pyloroplasty and given MNNG developed 
tumors of the glandular stomach; 78% (1 8/23) of these 
were classified as “spindle cell sarcoma.” Further, in the 
group of 25 hamsters subjected to sham operation and 
given MNNG, there were five cell sarcomas (20%) and 
no adenocarcinomas. MNNG-treated animals have also 
developed malignant mesenchymal tumors in the small 
intestine I ,5.9.10.16-20 and the 
N-methyl-N’-nitro-N-nitrosoguanidine, an acylalkyl- 

nitrosamine, is an active carcinogen which can directly 
react with multiple sites in the DNA molecule,” and 
which is carcinogenic in all species in which it has thus 
far been t e ~ t e d . ’ ~ . ~ ~  Deionized water was used to assure 
stability of the MNNG solution.*’ MNNG does not re- 
quire metabolic activation to induce carcinogene~is,~~ and 
will induce tumors at sites of app1icati0n.l.~~ It is apparent, 
however, that MNNG can cause malignancy at sites other 
than those of initial application. Many reports cite the 
development of malignant tumors distal to the stomach, 
after intragastric instillation or ad libitum ingestion, as 
well as after intraperitoneal i n j e c t i ~ n . ~ * ~ . ~ ’ ~ ~ ’ * ~ ~  It is of in- 
terest that many of these tumors are sarcomas. Indeed, 
grafted gastric mucosa, not in the digestive pathway, was 
shown to develop tumors after mice ingested MNNG.” 
This is clear evidence that MNNG, or a derivative, can 
act as a carcinogen through the blood stream. These tu- 
mors were histologically diagnosed as leiomyosarcomas. 

Our experiments show that, in the Buffalo rat, when 
MNNG is combined with agents that may modify gastric 
secretion or the gastric mucosal bamer, leiomyosarcomas 
develop. MNNG-induced tumors have been shown to 
develop in stressed rats, but were not histologically stud- 
ied.26 It would seem that the effect of MNNG is altered 
by stress, ASA, or NaTC, and that the result of this is 
more likely a malignant smooth muscle tumor than an 
adenocarcinoma. 

Can we exclude the possibility that strain variation has 
affected the expression of carcinogenicity in our experi- 
ments. Bralow and associates found the Buffalo rat re- 
sistant to the effects of MNNG.27 In addition to finding 
leiom yosarcoma as the most commonly induced tumor, 
we also had a greater number of adenocarcinomas than 
previously reported in the Buffalo rat.27 Although we did 
find two instances of adenocarcinoma in our group 5 
rats, given only MNNG in addition to the control diet, 
leiom yosarcoma developed only in those animals receiv- 

FIG. 2. Photomicrograph of gastric leiomyosarcoma (H & E, original 
magnification X 100). 

NaTC. We cannot explain the precise pathogenesis of the 
leiomyosarcoma. The effects of stress, ASA, and NaTC 
on the gastric mucosa vary, but all share the property of 
altering the normal gastric mucosal bamer in some way, 
with resultant increase in mucosal permeability. We can 
postulate, but have not proven, that the increased mucosal 
permeability permits the more rapid diffusion of unde- 
graded MNNG from the lumenal surface into the wall 
permitting carcinogenic activity directly on smooth mus- 
cle cells. In an acid milieu, MNNG is degraded into N- 
methyl-N’-nitroguanidine, an inactive s u b s t a n ~ e . 4 ~ ~ ~  The 
chemical sequelae of MNNG acting in the presence of 
ASA and NaTC are not known. It may be that MNNG 
is not changed into another carcinogen in the settings of 
our experiments and that the gastric mucosal bamer is 
not altered, and we may be forced to conclude that the 
development of leiomyosarcoma is a reflection of strain 

FIG. 3. Electron micrograph of leiomyosarcoma, showing microfila- 
ing MNNG in combination with either stress, ASA, or ments, dense bodies, and-basal lamina (arrow) (X6200). 
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susceptibility of the Buffalo rats we used. However, even 
if we determine that strain variation has been a factor, 
it is nonetheless clear that these experimental models are 
valid and potentially useful. 
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