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ABSTRACT

Two nitrosated bile acid conjugates, A/-nitrosoglycocholic acid
and A/-nitrosotaurocholic acid, were examined for carcinogenicity
in a 2-year study with male Fischer rats using a 6-week p.o.

dosing protocol with a total of 300 mg compound/rat. Both
compounds were approximately equally carcinogenic and in
duced significant levels of hepatocellular carcinoma in 54 to 70%
of the animals at risk. Gastric tumors of the glandular and
aglandular stomach were observed in 12 to 13% of the treated
rats. Although the incidence was not significant, these levels
were much higher than those in historic controls. Malignant liver
and gastric tumors were not detected in vehicle control rats.
Alkaline phosphatase-positive foci, putative early mucosal alter

ations which may precede neoplasia, were found in approxi
mately 35% of the glandular stomachs of compound-treated rats

but not in those of control rats.

INTRODUCTION

The existence of W-nitroso compounds in the environment and

their implications for human cancer risk have been well docu
mented (9, 10, 18, 19). Although much of the research in this
area has been directed towards formation and biological activity
of the A/-nitrosamines, less effort has focused upon the N-
nitrosamides which are known to be potent direct-acting muta-
gens and carcinogens. Many A/-nitrosamides including methylni-
trosacetamide and certain nitrosourea, nitrosourethan, and nitro-

soguanidine derivatives are potent gastric carcinogens when
administered p.o. to rats (5, 19). The i.g.4 formation of nitrosam-

ides by the acid-catalyzed reaction of amides with nitrite has,

however, been suggested as a plausible etiological factor in the
development of gastric cancer in humans (13).

A major source of nitrosatable amides in the human environ
ment is the conjugated bile acids that are secreted in bile into
the small intestine by the liver. The bile acids are normally present
as cholic acid amides of glycine or taurine (1, 11). Most of the
bile acids are reabsorbed and recirculated, but approximately
500 mg/day are secreted in the feces with a similar amount
being synthesized to maintain a constant total amount of 2 to 4
g in the body. Since this bile acid "pool" circulates 2 or 3 times

during meals or 5 to 10 times/day, then theoretically, 10 to 40 g
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of bile acids may be secreted into the small intestine by the liver
daily.

It is unlikely that these amides would be A/-nitrosated by nitrite

(or other nitrosating agents) at the higher pH encountered in the
intestine (12). This reaction would occur more probably in the
acid environment of the stomach when certain clinical states,
such as gastric ulcer, predispose to the reflux of bile acids into
the stomach (16). Enterogastric reflux has been associated with
preneoplastic changes and carcinoma in the stomachs of pa
tients who have undergone Billroth II gastrectomies (4). Rats
which have undergone gastric resection exhibit increased gastric
tumor incidences with those types of operative procedures which
increase bile reflux (8). A bile salt (taurocholic acid) has also been
shown to promote gastric carcinogenesis in rats when adminis
tered in the diet following a 12-week regimen of A/-methyl-/V'-

nitro-W-nitrosoguanidine in the drinking water (17).

NOTC was formed when taurocholic acid was nitrosated with
nitrate in simulated gastric juice (21). The half-lives of NOGC and

NOTC are 2 to 4 hr at neutral pH; therefore, compounds formed
in the stomach could still be present in the contents of proximal
portions of the small intestine. Since NOGC and NOTC were
direct-acting mutagens in diploid human lymphoblasts and in

bacterial forward mutation and reversion assays (22), the possi
bility that they were also carcinogenic warranted investigation.
We therefore treated weanling rats with these compounds using
a limited p.o. dosing protocol to determine whether nitrosated
bile acid conjugates are carcinogenic to the stomach.

MATERIALS AND METHODS

Chemicals. NOTC, sodium salt (CA Registry No. 76757-84-1 ), and
NOGC (CA Registry No. 76757-85-2) were prepared by nitrosation of

the corresponding bile acid conjugates (Vega Biochemicals, Tucson, AZ,
or Sigma Chemical Co., St. Louis, MO) under acidic conditions according
to the method of Shuker ef al. (21 ). Both nitrosated conjugates were
homogeneous as determined by thin-layer chromatography and high-

pressure liquid chromatography (for conditions, see Ref. 21). The struc
tures of these compounds are shown in Chart 1.

Glass-distilled DMSO was obtained from Burdick and Jackson Labo

ratories, Inc., Muskegon, Ml, and stored under N2. The compounds were
made up daily in DMSO just before dosing with precautions taken to
avoid unnecessary exposure to light.

Animals. Weanling male CDF Fischer rats (Charles River Breeding
Laboratories, Wilmington, MA) were housed singly in suspended wire
cages under controlled conditions of temperature and humidity with a
12-hr light-dark cycle. The animals were fed Certified Rodent Chow No.

5002 (Raltech, St. Louis, MO) and distilled water ad libitum.
Carcinogenicity Bioassay. Preliminary acute toxicity studies with

NOTC and NOGC indicated no mortality in 4-week-old rats 7 days after

a single p.o. dose of up to 500 mg/2 ml DMSO/kg body weight.
Because of limitations in both compound availability and solubility in

DMSO, 10 mg NOGC or NOTC in 50 p\ DMSO were administered by
gavage to 4-week-old (60 g) rats 5 days/week for 6 consecutive weeks
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Chart 1. Structures of NOGC (/) and NOTC (II).

(total dose, 300 mg in 1.5 ml DMSO). The control group received DMSO

only.
At the end of the dosing period, 4 animals were sacrificed from the

control and each treatment group for gross and histopathological evalu
ation. The remaining rats were housed without further treatment for up
to 112 weeks of age when significant morbidity among the treated
animals necessitated termination of the experiment.

Rats were killed by CO2 asphyxiation and subjected to complete
necropsy. The stomachs were opened along the greater curvature and
pinned flat on cardboard prior to fixation, along with other tissues, in

buffered formalin.
Histopathology. The formalin-fixed stomachs were examined for the

presence of alkaline phosphatase-positive foci, considered to be an

indicator of the later development of intestinal metaplasia, according to
the procedure of Morgan et al. (14).

The liver, stomach, tissue masses, and other grossly abnormal organs
were trimmed, sectioned, stained with hematoxylin-eosin, and subjected

to histopathological examination. Special care was taken to include any
alkaline phosphatase-positive foci in the preparation of the stomach

sections.
Rats with liver lesions were tabulated only once according to the most

severe lesion in the following order: hepatocellular carcinoma > adenoma
> hyperplastic nodule.

Statistical Procedures. Statistical analysis of tumor incidence, includ
ing correction for intercurrent mortality, was performed according to the
method of Peto ef al. (15). Computer Program BMDPIL life table and
survival functions were used for statistical evaluation of the cumulative
probability of death with hepatocellular carcinoma (3).

RESULTS

General Observations. No significant differences were noted
in animal weight gains during the 6-week dosing period between
control and NOGC- or NOTC-treated rats. The average weight

of the rats was approximately 60 g at the start of dosing and
205 g at the end resulting in a daily dose varying from 167 to 49
mg nitrosated bile acid/kg body weight during the course of
treatment. The average total dose for each compound was
approximately 2150 mg/kg body weight. Gross and histopatho
logical examination of tissues from rats sacrificed at the end of
the dosing period did not reveal any abnormalities.

Sixty-five % of the DMSO controls remaining after treatment

and the interim sacrifice survived to the terminal sacrifice at 112
weeks. No hepatocellular carcinomas were observed in these
animals, but 2 instances of lymphoma and one of lung adeno
carcinoma were diagnosed during the 47- to 112-week period.
The comparable survival rate for NOGC- and NOTC-treated rats

was 48 and 56%, respectively. Most of the premature deaths in
these treatment groups occurred in animals with hepatocellular
carcinoma. One leiomyosarcoma of the stomach (80 weeks) and
an ear duct squamous cell carcinoma (97 weeks) were also
recorded in NOGC-treated rats, and a lymphoma (99 weeks) and

a squamous cell carcinoma of the stomach (107 weeks) were
observed in NOTC-treated animals.

Liver Tumors. The cumulative probability of death from hep
atocellular carcinoma over the course of the experiment was
calculated by the product-limit (Kaplan-Meier) estimate (3), and

the data are presented in Chart 2. The first hepatocellular carci
noma was observed at 47 weeks of age in the NOGC group and
at 80 weeks in the NOTC group. The plot for NOGC was
significantly different from that of the DMSO control (pe = 0.10;
PM-C= <0.01), whereas the plot for NOTC was only marginally
different (pB = 0.054; pM-c = 0.053). There was no difference
between the NOTC and NOGC plot (pB = 0.250; PM.C= 0.271).

The incidence of malignant and benign tumors from this study
is shown in Table 1. The major finding is the significant elevation
of hepatocellular carcinomas in the NOTC (54%) and NOGC
(70%) treatment groups as compared to the absence of these
tumors in DMSO controls. There was no significant difference in
hepatocellular carcinoma incidence between the NOTC and
NOGC groups; the 2 compounds therefore appear to have
approximately the same potency as carcinogens. The gross and
microscopic appearance of typical liver tumors are shown in
Figs. 1 and 2.

Hyperplastic nodules of the liver were detected at essentially
the same incidence in all rats, although a marked increase in size
and number of these lesions was readily apparent only in animals
receiving NOGC and NOTC. A low incidence of hepatocellular
adenomas (approximately 10%) was found only in the nitrosated
bile acid treatment groups, and benign tumors of the bile duct
(cholangiomas) occurred only in NOGC-treated rats.
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Stomach Tumors. Although benign and malignant stomach
tumors were not observed in control animals, they were recorded
in animals treated with NOTC or NOGC at a statistically insignif
icant incidence of 12 and 13%, respectively (Table 1). There was
no apparent relationship between treatment and site of the
tumors since there were examples from both the glandular
(adenocarcinoma) and aglandular (squamous cell carcinoma) por
tions of the stomach. With the single exception of one gastric
adenocarcinoma in an NOTC-treated rat, the other 4 malignant

stomach tumors were detected only upon microscopic exami
nation.

Glandular hyperplasia of the stomach mucosa was diagnosed
in 35 to 45% of the rats in each of the control and treatment
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Chart2. Cumulative probability of death with hepatocellular carcinoma. A,
DMSO control; â€¢,NOTC; O, NOGC. ps are designated pB and pÂ»*,according to
the test used to analyze the data.

groups. There was a lesser incidence (15 to 20%) of gastritis
and ulcÃ©ration,which occurred in the aglandular portion of the
stomach. These lesions therefore were seemingly not associated
with exposure to NOGC or NOTC.

Micrographs of stomach sections illustrating features of squa
mous cell carcinoma, mucosal hyperplasia, and adenocarcinoma
are shown in Figs. 3 to 6.

A variety of tumors at sites other than the liver and stomach
were also present in the control and treated rat groups and are
listed in Table 1. The majority of these tumors were lymphomas
and occurred in all animal groups. There was no indication of
trends or statistical significance with regard to these miscella
neous tumors. It is noteworthy that tumors were not found in
the duodenum or any other portion of the gastrointestinal tract.

Intestinal Metaplasia. The presence of alkaline phosphatase-

positive foci as a possible histochemical marker of early intestinal
metaplasia in stomachs clearly showed a correlation with nitro-

sated bile acid treatment. Approximately 35% (NOTC, 35%;
NOGC, 36%) of the stomachs from the treated rats exhibited
phosphatase activity, whereas it was not detected in control
rats. The majority of the positive foci were located in the antral
mucosa. There did not, however, appear to be any connection
between these foci and the presence of glandular hyperplasia or
gastritis.

DISCUSSION

The results of this study clearly indicate that NOGC and NOTC
are hepatocarcinogens in the rat following a 6-week p.o. dosing

regimen. To our knowledge, this is the first demonstration that
nitrosated derivatives of naturally occurring amides are carcino
genic.

No significant differences in hepatocarcinogenicity were noted
between essentially equivalent doses of NOGC and NOTC,
although a higher incidence of hepatocellular carcinoma was
evident in the NOGC treatment group (70 versus 54%). Animals
treated with NOGC also appeared to develop hepatocellular
carcinoma more rapidly with a higher probability of death. No

Table 1

Incidence of lesions for animals terminated at 47 to 112 weeks

No. of rats

Liver Stomach tumors Other tumors Total tumors

Tumors

Compound

Malignant Benign
No. of (hepatocellu-

rats lar carcinoma) Adenoma Other
Hyperplas-
tic nodules Malignant Benign Malignant Benign Malignant Benign

DMSO
NOTC
NOGC18

24
230(0)"

13Â°(54)
16" (70)0(0)

3(12)
2(9)0(0)

0/0)
2y<9)5(28)

5(21)
4(17)0(0)

2e (8)
3* (13)O.(0)

1 (4)
0(0)4"

(22)

3? (12)
3/(13)1Â°(6)

2" (8)

0(0)4(22)

14'J58)
19"* (83)6(33) 8(33)

7(30)

Numbers in parentheses, percentage.
6 Two lymphomas; 1 mesenterio lymphosarcoma; 1 lung adenocarcinoma plus a squamous cell carcinoma of the skin.
c One mammary gland adenoma.
a Significantly different from DMSO controls, at p < 0.001.
8 One squamous cell carcinoma; 1 adenocarcinoma.
' One papillonÂ».
9 Three lymphomas.
" One mammary gland adenoma; 1 keratoacanthoma.
' Significantly different from DMSO controls, at p < 0.03.
' Two cholangiomas.
* One squamous cell carcinoma; 1 adenocarcinoma; 1 leiomyosarcoma (aglandular stomach).
' One lymphoma; 1 ear duct squamous cell carcinoma; 1 s.c. leiomyosarcoma.
mSignificantlydifferent from DMSO controls, at p < 0.002.
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difference was apparent with respect to benign liver adenomas
and hyperplastic nodules in the NOGC and NOTC treatment
groups.

Both nitrosated bile acid conjugates were bacterial mutagens,
being about equally potent in forward mutation and reversion
assays in Salmonella typhimurium (22). NOGC was, however, a
potent mutagen in a diploid human lymphoblast assay, being
approximately 9000 times more potent than NOTC, although
cytotoxicity of these 2 compounds was comparable. Thus, this
differential response in the human cell mutation assay was not
apparent in the rat carcinogenicity bioassay.

The major rationale for testing the nitrosated bile acid conju
gates for carcinogencity was to determine whether the stomach
(particularly the glandular portion) was a target organ. It was,
therefore, of interest that incidence of the observed stomach
tumors was not statistically significant. However, tumors from
both the glandular and aglandular stomach were observed only
in the NOTC and NOGC treatment groups at incidences (12 and
13%) many times higher than those spontaneously observed in
the male Fischer rat. The incidence of stomach tumors in over
8000 historical control Fischer rats of both sexes in the National
Cancer Institute/National Toxicology Program 2-year carcino-

genesis bioassays was sufficiently low (<2%) to preclude listing
in the summary by Haseman (7). Goodman ef al. (6) reported
malignant gastric tumors in only 4 of 1794 (0.2%) and 3 of 1754
(0.2%) control male and female Fischer rats, respectively. Three
of these tumors (43%) were squamous cell carcinomas originat
ing in the glandular stomach, 2 (29%) were glandular stomach
tumors (adenocarcinoma and basal cell carcinoma), and the
remaining 2 tumors (29%) were sarcomas of unstated origin.
Spontaneous gastric tumors were also extremely rare (1 tumor
in 1464 animals) in a separate compilation of other life span
studies with control Fischer rats (20).

The fact that mucosal hyperplasia of the glandular stomach
and gastritis and ulcÃ©rationof the aglandular stomach were
observed in a substantial number of control and treated rats may
indicate that some degree of mechanical trauma was sustained
during dosing. This trauma may have predisposed the animals
to the induction of stomach tumors following concurrent expo
sure to the direct-acting nitrosamides, NOTC and NOGC. This

is supported to some degree by other observations of a com
paratively low incidence of ulcÃ©ration(0.8%) and squamous cell
hyperplasia (1.5%) in stomachs of aging control male Fischer
rats (6). On the other hand, there was no evidence of gross or
histopathological damage to the stomach in rats sacrificed im
mediately following the dosing period. Further studies in which
rats would be dosed with compound administered in the drinking
water would be necessary to eliminate the possibility that trauma
associated with dosing by stomach tube effected tumor forma
tion.

The presence of alkaline phosphatase-positive foci in the antrat

mucosa of the stomach as an indicator of intestinal metaplasia
was clearly associated with treatment with NOGC and NOTC.
The lack of correlation with glandular hyperplasia or gastritis
indicated that functional changes in alkaline phosphatase activity
occurred before histological changes were detectable. Although

it has not been established that either alkaline phosphatase
activity or intestinal metaplasia is indicative of the preneoplastic
state, epidemiological and experimental studies have indicated
that gastric adenocarcinoma and intestinal metaplasia are de-

velopmentally related (2).
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Fig. 1. Gross appearance of a multicentric hepatocellularcarcinoma typical of those observed in the NOTC- and NOGC-treated rats. All tobes were involved with

nodules of tumors varying from small foci to confluent nodules 2 to 3 cm in diameter.
Fig.2. Trabecular carcinoma typical of the liver tumors encountered in this study. H & E, x 250.

Fig.3. Invasivesquamous cell carcinoma of the forestomach observed in a NOGC-treatedrat. A segmentof the squamousepitheliumcan be observed at the bottom.
H&E, X100.

Fig.4. Glandularhyperplasiaof gastric mucosa observed in NOTC-and NOGC-treatedrats. These focal areas, which appearedto have no zonal preference,probably
preceded neoplastic changes. H & E, x 250.

Fig. 5. Low-power view of an adenocarcinomaof the glandular stomach from a NOTC-treated rat. There is invasion of tissue in the stalk and at the base of the
polypoid tumor. H & E, x 25.

Fig. 6. High-power view of the gastric adenocarcinoma.Note irregular glandular structures filled with mucous secretion, nuclear pleomorphism,reactive cell infiltrate
in the stroma, and frequent mitotic figures. H & E, x 400.
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