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With the aim of establishing bio-indices for the develop-
ment of multistep hepatotumorigenesis, rats were fed
water containing 0.01% diethylnitrosamine (DEN)ad libi-
tum for 13 weeks. This treatment with DEN only made it
possible to induce hepatic tumors in 100%. After the DEN
administration, several clinical symptoms were observed
including minor behavioral changes, brittleness of hair
and a decrease in water and food intake. The concentra-
tion of total serum protein and albumin in all treated
groups was significantly lower than in non-treated con-
trols (P<0.05). Increase of specific enzyme (AST, ALT and
GGT) activity (P<0.05), variable tumor size and
hepatomegaly of the liver was observed in all rats treated
with DEN for 10 weeks. Both hepatocellular carcinoma
and cholangiocarcinoma were found in the same livers at
the same time, and were prominently developed after 12
weeks. In case of carcinoma, some of the livers showed
more or less advanced states over the 12-15 weeks period.
In the present study, hepatocellular carcinoma was devel-
oped by treating DEN in only the drinking water, without
any other carcinogens or without partial hepatectomy.
These results indicate that DEN is a new carcinogen that
acts directly on it the liver, moreover, it might be very use-
ful for investigating hepatotumorigenesis.

Key words: Diethylnitrosamine, tumorigenesis, hepatocellu-
lar carcinoma, enzyme activity, rat.

Introduction

Hepatocellular carcinoma can be induced in the livers o
laboratory animals by a variety of chemicals [1, 3, 10, 13

14, 16, 17, 20, 23]. It has recently been reported that ; Al )
hproln‘eratlon, so it is of some importance to analyze

hepatoma can be induced by the administration of diet
ylnitrosamine (DEN) [9, 10, 15, 19].
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Among laboratory animals, the rat has a wide variety of
advantages, for example it has a short life span which
allows observation of DNA transformation from its initial
stage through to complete malignant cancer, in addition,
variable factors may be fixed artificially during the course
of experimentation. Several difficulties are encountered in
the study of human hepatocarcinoma, since it occurs via
several protracted processes, that obscure the detection of
the early stages of the hepatocarcigenic processes until its
later development by which time it is influenced by a vari-
ety of factors.

Carcinogenotoxic substances are widely employed to
develop cancers in specific organs of experimental ani-
mals, such as 1,2-dimethylhydrazine (DMH) [6] and
azoxymethane [24] which have been frequently applied to
evoke experimental cancers in the gastric intestinal organ,
and DEN [19], a genotoxic carcinogen that exclusively
resulted in liver cancer. Among these carcinogens, dieth-
ylnitrosamine (DEN) has been frequently used to study
hepatocarcinogenic processes, treatments and drug effects,
etc [18, 21]. Dunsforcet al [3] found the carcinogenic
effects of DEN and used it opportunistically to improve
cancer develpment in liver cells with enhanced multiplica-
tion caused by hepatocyte necrosis.

Chemical agents inducing hepatocarcinogenesis have
been administrated either as DEN alone or in combination
with acetylaminofluorene (AAF), ortic acid, phenobarbital
benzopyrene, N-amyl-N- methylnitrosamine and 00,

14, 17, 23]. The chemical has advantages at inducing hepa-
tocarcinogenesis, as it is able to induce hepatoma within a
§hort time and can be administered by a variety of meth-
ods. The administration of carcinogenic substances may
li)ring about changes in enzyme levels arising from clonic

enzyme activity variation quantitatively in order to under-
stand the processes involved [7, 8, 11, 12, 21].

In the present study, the development of a hepatocar-
cinogenesis model involved the administration of adminis-
tering only water containing 0.01% DEN for 6-14 weeks to
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an 8 weeks Sprague-Dawley rat strain, which involved nei
ther partial hepatorectomy nor the administration of carcii
nogenic promoters. f

Materials and Methods

Animals and treatment
Eighty 6 weeks old male rats weighing 120-150 g of the;
Sprague-Dawley (SD) strain were supplied by the Asa
Institute of Life Science, Korea. The animals were accli+
mated for 2 weeks and maintained under standardize:
environmental conditions, eg. lighting from 09.00 to 21.00;
h, temperature 204, and relative humidity 45-60% and fec
with commercial pellets. 0.01% DEN (Sigma Chemical
Co., USA) was continuously administered to rats viaj
drinking water for 14 to 16 weeks. No differences in the
caring conditions of control rats and the DEN treatec;
groups existed, except for the DEN dissolved in the drinkj
ing water. Each control group used 10 rats to compare wi
each DEN treated group. Rats were sacrificed to investi
gate their liver tissues on the same day after weeks 8, 9,
11, 12, 13, and 14 of DEN administration. Serum sample;
were collected to investigate serum protein and albumir
levels in both the DEN treated and the non-treated control
every week. The weight of each rat was taken before sact
fice, and the liver weight, number and diameter of all mac|
roscopically visible liver tumours, and the weights of:
tumours over 1 in diameter were recorded. Liver tissueFig. 1. Several foci and very small nodules on the peripheral
were taken from every lobe of the liver and fixed in 10%3areas in a rat treated with DEN at 10 weeks.
buffered formalin, for hematoxylin-eosin (H-E) sectioning \',:V'I?h %éﬂl\?ny persistant nodules in a rat at 11 weeks treated afte
as a routine procedure. The relative liver weight was calcurig 3. Numerous vacuoles are seen on the midzonal and
lated as the percentage ratio of liver to final body weightperipheral areas of hepatic lobules and oval cells were seen on
Asparate aminotransferase (AST) and alanine aminotranthe vaculated areas of hepatic lobules in a rat liver treated for 11

- . - . ‘weeks with DEN. H-E stai50.
ferase (ALT) activity were determined using a kit (Asan gjg "y Magnification of Figure 3. Numerous vacuoles and oval

Pharm Co., Korea) by the modified Reitman-Frankelcells were seen in the midzonal and peripheral areas of hepatic
method, and gamma-glutamyl transferase (GGT) was meiobules in a rat liver treated for 11 weeks with DEN. H-E stain,

sured according to a modification of the Orlowski method™ 100.
[7, 21].

was slightly lower, no significant difference was found
Statistical analysis over the experimental period. No differences between the
Data was evaluated using one-way analysis of variancBEN-nontreated control group were found over the experi-
(ANOVA: analysis of variance) and significance was testednent. Liver weights of the DEN-treated group increased

using Duncan's new multiple range test. significantly over the experimental period compared with
Results were considered significant when p<0.05. the negative controls. The increase of liver weight might
have been caused by small tumours and well developed
Results liver nodules. The ratio of liver weight/body weight was
lower in the control group during the course of the experi-
Clinical observations ment. The incidence of preneoplastic foci and enlarged

A variety of minor clinical signs were observed, for liver were not significant at the 8th week in the DEN
example behavioural changes, brittleness of skin hair at @dministrated group, while at the 10th week the incidence
weeks and a decreased food intake from the 7~9th weekd nodules was almost 100% in the treated groups (Fig. 1).
after DEN administration. The amount of food intake wasThereafter, the numbers became greater and their sizes
prominently lower, by one half, after 12 weeks of DEN increased (Fig. 2). No such defects were observed in the
administration. Even though the volume of urine excretectontrol group.
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Fig. 5. A large vesicle with proliferative oval cells on the periphery was seen in a rat liver treated for 11 weeks with DENn H-E stai
x50.

Fig. 6. Several proliferative oval cells with dense nuclei on the vacuolated necrotic areas in a hepatic lobule of a rat liweithreated
DEN for 13 weeks. H-E stair200.

Fig. 7. Vacuolated small or large eosinophilic hepatocytes in peripheral areas of hepatic lobules in a rat liver treated witdEN for
weeks. H-E stairs200.

Fig. 8. Large or small vacuolated polymorphological hepatocytes with eosinophilic nuclei and prominent nucleoli or mitotic features in
a rat liver treated with DEN for 13 weeks. H-E st&20O0.

AST, ALT and GGT activities ALT activities in the serum were also increased, and
The activity of serum AST gradually increased betweerhighest activity was observed on the 11th week, which

the 11th and 13th weeks of DEN administration. ASTthen slightly decreased (Table. 2). GGT activities were

activities were 461.2 IU/ml for the controls and prior to 37+19.2 1U/ml in the control groups, but the GGT activi-

the 11th week in the DEN administered group. Althoughties of the DEN treated groups weret22.5, 6&28.5, and

no significant weekly differences in AST activities were 72+36.9 IU/ml on 11th, 12th, and 13th weeks, respectively

observed among the DEN administered rats after the 11{fTable. 3). Both the concentration of serum total protein

week (Table. 1), a rapid increase was observed tee 127and serum albumin were significantly lower than the

56.3, 10&19.7, 10839.3 IU/ml on the 11, 12, and 13th respective controls.

weeks, respectively.
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Table 1.Changes of AST activities in DEN administrated rats

Duration of Activity
treatment (weeks) No. of rats used (IU/ml)
0 10 46:1.2

11 12 12#56.3*

12 15 10€&19.7*

13 12 10&39.3*

*Significantly (p<0.05) different from non-treated control group.

Table 2.Changes of ALT activities in DEN administrated rats

Duration of Activity
treatment (weeks) No. of rats used (IU/ml)
0 10 252.5
11 12 5@2.5*
12 15 343.2*
13 12 352.5*%

*Significantly (p<0.05) different from non-treated control group.

Table 3.Changes of GGT activities in DEN administrated rats
Activity(IU/ml)

Duration (weeks) No. of rats used

0 10 3719.2

11 12 7221.5*
12 15 6828.5*
13 12 7236.9*

*Significantly (p<0.05) different from non-treated control group.

Pathological findings

Hepatocellular vacuolization was observed at the periph-
eral zone of some hepatolobules at 10 weeks, then these
vacuoles appeared to agglomerate to form small vesicles at
11 weeks (Fig. 3-5). Finally hepatocelluar vacuolization
developed in almost all liver cells and progressed to necro-
sis at 13 weeks (Fig. 6, 7). Liver cells with large vacuoles
tended to be crowded in focal areas later, and some lobules
were transformed into round cells or eosinophilic polyhe-
dral large cells. The nucleoli and eosiniphilic karyoplasm
of large cells were enlarged from 10 weeks after the
administration of DEN, and nucleoli and eosinophilic
karyosomes were distinct and concentrated, there was evi-
dence of mitosis but hepatocellular degeneration, necrosis,
and proliferation were distinct during the later weeks (Fig.
7, 8). These small round shaped oval cells and eosinophilic
polyhedral large cells were believed to be precusors of
hepatocarcinoma and hepatocarcinoma cells, respectively.
The epithelial cells of bile ductules in the some hepatic
lobules were transformed into vacuolated nucleic cells and
were proliferated focally. These cells were evaluated to be
cholangiocarcinoma cells. Hepatocellular carcinoma and
cholangiocarcinoma developed simultaneously in the same
liver and seemed to be markedly developed after 12 weeks,
but the development of carcinoma in some livers on the
same weeks was variable.

Discussion
A variety of alterations in clinical symptoms were

observed including, a loss of weight, decline of water and
food intake, and rough hair with depilation. The results of

A small number of greyish-white foci or nodules of autopsy made it possible to distinctly observe liver enlarge-

tumours developed on the surfaces of livers from 8 weeksnent and the generation of tubercular tumour tissues from
but were developed on all livers examined after 9 weeksl0 weeks. Tumour tissues, of approximately 5mm in diam-
The numbers of developed tumors per rat liver wereeter, were distributed after 12 weeks, which indicated the
approximately 20 at 13 weeks and 50~60 at 15 weeks. Thaerogress of hepatoma since the liver tissues were tubercu-
diameter of large tumours was 3~9 mm at 13 weeks anlised and became rigid.

7~15 mm at 15 weeks, higher numbers of tumours were In the present study, a number of new proliferative
developed on the visceral surfaces than on the diaphragmaller circular masses, surrounding tubercles in necrotic
matic liver surfaces. The diameter of the largest tumouportions, was first observed, and this was suspected as the
was 35.8 mm at 12 weeks. The parenchymae of livers weiigitation of malignant cancer.

found to be fragile. The interlobular connective tissues of DEN showed similar effects as aminoazo dyes by devel-
livers had proliferated by microscope examination by theoping necrosis, hyperplasia, hyperbasophilia and tumor. It
early 8 week. Vaccuolated or fatty degenerated liver cellsvas bioactivated of by cytochrome P450, and necrosis and
were focally and widely distributed during the later stagessteatosis was induced near surrounding central vessels of

Table 4.Development of tumors in the livers of rats given DEN treatment

Period after first DEN treatment (weeks)

8 9 10 11 12 13 14 15
Diameter(mm) of
tumors or foci 0.515 24 23 34 35 39 25 59
No. of tumors> 35 510 1020 47 18, 27,12 50,55 o

1.5 mm in diameter
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smooth endoplasmic reticulum [4, 5, 22]. The decrease dhduced hepatocellular degeneration around the central
body weight observed in hepatoma is a symptom commolobule in the liver tissue, and these degenerated liver cells
in malignant tumours [9, 15]. In this experiment, bodythen became the precursors of hepatoma by histopatholog-
weight and liver weight also decreased in DEN adminisdical observation. These precursors were called neoplastic
trated rats. The weight of liver compared with the bodytubercules, degenerated lesions and proliferative tubercles
weight was somewhat lower but not to the extent previby Farber et al [4]. In 1989, Dunsford et al [3], reporting on
ously reported [9, 15]. hepatocellular vacuolization in animals treated with DEN
The serum enzyme activities were highly increased irobserved that vacuolar liver cells appeared from 5 weeks
terms of all hepatoenzyme activities compared with theand increased in size and number up to 9 weeks. In addi-
control, which is similar to results obtained with hepatoxiction, in the present study, hepatocellular vacuolization was
and hepatocarcinogenesis substances. observed as a small number of surrounding hepatolobules
Hepatospecific enzymes were activated when hepatocest 10 weeks, they then appeared to mass at the periphery
lular damage gave rise to abnormalities of liver function,and the centre and formed small vesicles at 11 weeks,
and these enzymes were remarkably increased ilastly hepatocelluar vacuolization developed in almost all
hepatoma. In 1984, Simonsen et al [21]. reported that thedwer cells and progressed to necrosis at 13 weeks.
enzymes exhibit high levels in the abnormally functioning With respect to nuclear variation in liver cells, the nuclei
liver, thus establishing them as an index of liver functionof the central lobular liver cells and cytosol appeared as
recovery degree; these enzymes include, of AST, ALT]arge polymorphic cells in study by Tamaebal [23] in
GGT and alkaline phosphatase (ALP) in liver transplantl994. However, in our present study, nuclei and basophilic
patients. In 1992 and 1994, Kim et al [11, 12]. reportedkaryoplasm were enlarged from 10 weeks after the admin-
greatly increased AST, ALT, and ALP enzyme levels inistration of DEN, and nuclei and eosinophilic karyosomes
serum, after inducing hepatocellular tumours by adminiswere distinct and concentrated, with evidence of mitosis
trating CCJ in rat. but hepatocellular degeneration, necrosis, and proliferation
It became clear that the DEN had not only carcinopredominated in the following weeks, and tumour cells
genecity, as a potent alkylating agent, but also powerfuleveloped in the lesions.
toxicity. In our current study, the high levels of AST, ALT In terms of the development stage of small tubercular
and GGT led to hepatocellular degeneration and the didesions after DEN administration, Dunsfoed al. [3] in
similarity between the DEN administrated group and thel989 reported having conducted a histological examina-
control were evident in liver disease and hepatitis. tion that a variety of small tumors were formed, and
AST and ALT activities in blood serum are generally among them ovally shaped cells notably proliferated, these
accepted as an index of liver damage and this tendency é&lls were presumed to be the precursors of hepatocarci-
also known to be distinct in rodents. ALT is recognised tonoma cells. In 1992, Leet al [15]. reported that trabecu-
be a highly liver specific enzyme. On the other hand, ASTar tissues were formed and that the size of hepatocells
might be a non-specific index because it was distributedvere variable at 10 weeks, and tumor cells aggregated to
not only in the liver but also in the heart, skeletal muscleform a spindle-shaped long nucleus insular. In this study,
kidney and brain [9, 21]. The analysis of ALT and AST oval cells were viewed as precusors of carcinoma cells.
simultaneouly, nevertheless, proved significant. ALT activ-Large eosinophilic polyhedral cells and the vacuolated
ity is known to increase in liver cells induced to necrosis bynucleic cells of ductules were believed to be carcinoma
the agents other administration of than 2,2'-Azobis (2-amieells. These three type cells were identified at 11 weeks
dinopropane) dihydrochloride (AAPH), such as chloro-and observed to develop in the liver tissues of all rats at 13
form and acetaminophen [8]. However, care must be takeweeks. In conclusion, this study was able to develop
when these enzymes are used as a diagnostic index. Eviemors by treating DEN only through drinking water with
though it was believed advisable to evaluate the activitiesther carcinogens and without performing hepatorectomy.
of AST and ALT 2 hours after administration, the ALT However, work remain to be done on the immunehis-
activity differed in pattern slightly by increasing gradually tochemistry and the detection of glutathione S-transferase
for 48 hours, and then over reached to the detection limipositive hepatocytes [2, 10], and on the development of a
That is why more exact verification was left to histopatho-carcinogenic idex an identification of carcinogenic index
logical examination was necessary. The reported activity oand a functional analysis for free radical assay.
GGT is known to vary. However, its activity is likely to
have a high diagnostic value with respect to acute andcknowledgements
chronic hepatitis [5, 7, 8, 21]. Its activity increased contin-
uously during our study. The effect of carcinogenesis on This study was financially supported by Grant-in-Aid of
the free radicals concentration needs further examination.genetic engineering research (NO.1998-019-G00033) of
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