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Abstract

Dimethylnitrosamine (DMN) is a potent hepatotoxin that can cause fibrosis of the liver. It’s ability to provide a
suitable rapid experimental murine model for early human cirrhosis was examined. The drug was administered to
adult male albino rats in order to document sequential pathological and biochemical alterations. Injury was produced
by intraperitoneal injections of DMN on three consecutive days of each week over a 3-week period. A rapid increase
in collagen content was documented, with linear increases occurring from days 7 to 21. Livers were examined for
histopathological changes on days 7, 14 and 21 following the beginning of exposure. Severe centrilobular congestion
and haemorrhagic necrosis could be observed on day 7. Centrilobular necrosis and intense neutrophilic infiltration
were observed on day 14. By day 21, collagen fiber deposition could be observed, together with severe centrilobular
necrosis, with focal fatty changes, bile duct proliferation, bridging necrosis and fibrosis surrounding the central veins.
A decrease in total protein and increase in DNA were also documented. DMN-induced liver injury in rats appears
to be a potential animal model for early human cirrhosis and the rapid deposition of collagen, and may serve as a
convenient procedure for screening antifibrotic agents. © 2001 Elsevier Science Ireland Ltd. All rights reserved.
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1. Introduction

Dimethylnitrosamine (DMN) is a potent hepa-
totoxin, carcinogen and mutagen (Haggerty and

Holsapple, 1990). Its hepatotoxicity was first re-
ported by Barnes and Magee (1954) following an
industrial accident. The toxicity produced by
DMN is mediated by its reactive metabolites and
not by the parent compound. Its metabolic half-
life is B10 min in rodents and about 20 min in
non-human primates (Anderson et al., 1992).
DMN targets primarily the liver, which contains
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the necessary enzymes for its metabolic activation.
Metabolism in the liver is by a microsomal mem-
brane-bound enzyme, cytochrome P-450IIE1
(Yang et al., 1985, 1990; Yoo et al., 1988). Activa-
tion and degradation of DMN produces formal-
dehyde and methanol, and the alkylating
intermediate reacts with nucleic acids and proteins
to form methylated macromolecules.

In the rat model, DMN administration causes
severe necrosis, but also deposition of extracellu-
lar matrix proteins in the liver, particularly colla-
gen (Ala-Kokko et al., 1987; Savolainen et al.,
1988). A detailed study on the role of intracellular
enzymes in collagen biosynthesis induced by
DMN has been reported Risteli and Kivirikko,
1976a,b. Glycoprotein metabolism has also been
investigated following DMN treatment (George
and Chandrakasan, 1996a). But a comprehensive
histopathological investigation of the temporal
pathophysiological changes in the liver following
sequential administration of DMN has not been
carried out previously. The present investigation
is aimed at studying such changes during DMN
administration using the male albino rat model.
We were particularly interested in developing a
model for the very early deposition of collagen
that might be useful as a rapid tool for screening
antifibrotic agents.

2. Materials and methods

2.1. Materials

DMN, L-hydroxyproline, Chloramine-T, de-
oxyribonucleic acid, diphenylamine, bovine serum
albumin, hematoxylin and eosin B were purchased
from Sigma Chemical, St. Louis, MO, USA.
Ethyl alcohol, formaldehyde and p-dimethy-
laminobenzaldehyde were obtained from E.
Merck, Darmstadt, Germany, and ethylene glycol
monomethyl ether (methyl cellosolve) from Fluka
AG, Switzerland. Trichloroacetic acid (TCA),
potassium sodium tartarate and Folin-Ciocal-
teau’s phenol reagent were the products of Loba
Chemie, Bombay, India. All other chemicals used
were of analytical grade.

2.2. Animals and treatment

Male albino rats of the Wistar strain were
approximately 3 months in age, weighing between
180 and 200 g. Animals were bred and maintained
in an air-conditioned animal house, with commer-
cial diet (Hindustan Lever, Bombay, India) and
water available ad libitum. They were housed in
polypropylene cages with a wire mesh top and a
hygienic bed of husk.

The DMN was injected intraperitoneally in
doses of 1 ml (diluted 1:100 with 0.15 M sterile
NaCl) per 100 g body weight. The injections were
given on three consecutive days of each week for
a period of 3 weeks. Control animals received the
same volume of 0.15 sterile NaCl. Animals were
injected without anaesthesia. Treated animals
were sacrificed on days 7, 14 and 21 from the
beginning of exposure. Some control animals were
sacrificed at the beginning of the experiment, and
some together with the treated animals on days 7,
14 and 21 and the pooled value was used as
control. The control and the 7th day group com-
prised 12 rats each, while the 14th and 21st day
group consisted of nine and seven rats respec-
tively. All rats were anaesthetized with diethyl
ether before sacrifice.

The livers were rapidly removed, rinsed in cold
saline and weighed in the wet state. A portion of
liver was fixed for histopathology, and the re-
maining tissue stored at −70°C until assayed.
The body weight and liver weight of the animals
in each group were measured. The morphological
and behavioral changes were also monitored after
administration of DMN. Ascitic fluid was col-
lected before sacrifice. Body weight was measured
only after removal of the ascitic fluid.

2.3. Biochemical analyses

Liver tissue was homogenized in a teflon/glass
homogenizer (Remi, Bombay, India) using cold
1.15% KCl solution at 4°C. The final concentra-
tion of the homogenate was adjusted to 100 mg
tissue/ml. The total protein present in the liver
homogenate was determined by the method of
Lowry et al. (1951). Bovine serum albumin in 0.1
N NaOH was used as standard.
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The DNA present in the liver tissue was ex-
tracted by the method of Schneider (1957). In
brief, 2 ml of 10% liver homogenate in 1.15% KCl
was mixed with 2.5 ml of ice cold 10% TCA and
centrifuged at 5000 rpm for 10 min. The sediment
was suspended in 2.5 ml of ice cold 10% TCA and
centrifuged again. The sediment was then sus-
pended in 5 ml of 95% ethanol at 70°C. It was
stirred for 5 min while maintaining the tempera-
ture and centrifuged after cooling. This procedure
was repeated twice for complete removal of inor-
ganic phosphorus. The residue was suspended in
2.5 ml of 5% TCA and warmed for 15 min at
90°C with occasional stirring. It was centrifuged
after cooling and the supernatant was collected.
The residue was resuspended in 2.5 ml of 5% TCA
and the extraction was repeated. The combined
TCA extracts obtained from individual livers con-
stituted the DNA fraction.

The DNA present in the liver extract was esti-
mated according to the method of Burton (1956).
In brief, 1 ml of the DNA extract was mixed with
2 ml of diphenylamine reagent and heated in a
boiling water bath for 10 min. The optical density
was measured at 600 nm spectrophotometrically.
DNA standard was prepared from highly poly-
merized calf thymus DNA.

Total collagen present was determined by esti-
mating the hydroxyproline content, an imino acid
characteristic of collagen. Estimation was accord-
ing to the method of Woessner (1961). A known
weight of the fresh liver tissue was hydrolyzed in
6 N HCl (final conc.) in sealed tubes at 110°C for
16 h. The hydrolyzed samples were evaporated to
dryness over a boiling water bath to remove acid
and the residue dissolved in distilled water and
made up to a known volume. It was decolorized
with activated charcoal and filtered through
Whatman filter paper. For the determination of
hydroxyproline, 1 ml of the clear filtrate was
mixed with 1 ml of freshly prepared chloramine-T
solution and allowed to stand for 20 min. It was
then mixed with 1 ml of 3.15 M perchloric acid
and incubated for 5 min. Finally, 1 ml of freshly
prepared p-dimethylaminobenzaldehyde was
added, mixed well and placed in a water bath at
60°C for 20 min. Absorbance was measured using
a Shimadzu UV-160A spectrophotometer at 560

nm. The total collagen content in the liver tissue
was calculated by multiplying the hydroxyproline
content by the factor 7.46 as postulated by Neu-
man and Logan (1950).

Arithmetic mean and standard error were cal-
culated for the biochemical data. The results were
statistically evaluated using one-way analysis of
variance (ANOVA). The control mean values
were compared with the treated mean values on
days 7, 14 and 21 of the experiment using the least
significant difference method. The value of P B
0.01 was considered statistically significant.

2.4. Procedures for histopathology

Immediately after sacrifice, the liver tissue was
quickly removed and a portion was instantly fixed
in 10% phosphate buffered formalin (prepared by
dissolving 3.5 g anhydrous sodium phosphate
monobasic and 6.5 g anhydrous sodium phos-
phate dibasic in 100 ml of 40% formaldehyde and
made up to 1 l with water). Fixed liver samples
were embedded in paraffin blocks and sections of
5 mm were prepared. Sections were stained with
hematoxylin and eosin (H&E) or with Mallory
trichrome stain and examined under a Nikon
Labophot microscope (Nikon Corporation,
Marunouchi 3-chome, Chiyoda-ku, Tokyo 100,
Japan).

3. Results

3.1. Beha6ioral changes, food consumption, and
mortality rates

There were no morphological or behavioral
changes up to the 10th day of DMN treatment.
Treated animals then began exhibiting behavioral
changes. Grooming no longer occurred. Food and
water intake was much decreased. Extreme
lethargy and prostration were observed in the
later stages of treatment. Animals exhibited pilo-
erection suggesting extreme sensitivity to ambient
temperature. Eyes were pale, and some animals
had labored respiration.

None of the rats died in the 7-day treatment
group. Among the 14th day group of animals,
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25% of the rats died and by the 21st day, the death
rate was 42%. The study could not be prolonged
because of the marked mortality rate after day 21.

3.2. Gross postmortem examination, body and
li6er weights

Postmortem examination revealed massive hep-
atic necrosis. Up to 40% decrease in body weight
and 60% decrease in liver weight were recorded.
Animals were also jaundiced. Heart, kidney, lungs
and spleen were pale, and enlargement of kidney
and spleen were also evident. Livers were hard and
granular, reduced in size, with diffuse hyperemia.
The lobes were partially fused with strictures and
nodulation.

Ascites was not present in rats sacrificed on the

seventh day. Ascites was present in all animals
however that died during the course of treatment.
Among rats sacrificed on the 14th day, ascites was
present in 40%, and on the 21st day, in 70% of
animals. The volume of ascitic fluid ranged from 10
to 60 ml, with maximum volume observed in the
21st day group.

The percentage changes in liver weight and body
weight of the animals during DMN treatment are
shown in Fig. 1. A significant decrease in body
weight (P B 0.001) was observed only on the 14th
and 21st day of DMN treatment. In control ani-
mals, the mean liver weight was 43.6 mg/g body
weight. On the 7th day of DMN administration,
the liver weight increased, up to 49.6 mg/g body
weight, but it then decreased, with a maximum
decrease on the 21st day (24.89 mg/g body weight).

Fig. 1. Percentage changes in liver weight and body weight of animals during DMN-treatment. The values given are mean and
standard deviation (* PB0.001 by ANOVA).
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Table 1
Total protein, DNA and collagen content in the liver during DMN-induced liver injury in ratsa

Day 7 (n=12) Day 14 (n=9)Parameters assayed Day 21 (n=7)Control (n=12)

Protein 130.1294.48*165.4593.86 141.8696.12* 134.5695.42*
3.0690.15** 3.6590.18*2.5890.13 3.8590.21*DNA
1.7790.06*Collagen 2.6590.09*0.9890.04 3.7390.15*

a All values are expressed as mg/g liver wet weight. Values are mean9standard errors.
* PB0.001.
** PB0.01 (by ANOVA).

3.3. Biochemical alterations, including collagen,
DNA, and protein

Protein and DNA contents of these livers was
performed to provide reasonable denominators
for the predicted increase in total collagen deposi-
tion in the course of the reaction to toxic liver
injury. The total protein content in the liver dur-
ing DMN administration is shown in Table 1. The
protein content was significantly reduced (P B
0.001) in liver tissue on all days after DMN

treatment. (Fig. 1). The effect of DMN on liver
DNA is demonstrated in Table 1. When com-
pared to control values, a significant increase
(P B 0.001) was observed in DNA content on the
7th, 14th and 21st days following administration
of DMN.

Total collagen content in the liver was
markedly increased (P B 0.001) on all the days of
DMN administration (Table 1). There was a lin-
ear increase in collagen content in the liver be-
tween the beginning of DMN-treatment up to day
21, the last day of observations. The increase on
the 21st day was about 4-fold compared to un-
treated control values.

3.4. Histopathology

The control livers showed normal lobular archi-
tecture with central veins and radiating hepatic
cords. After 7 days of DMN treatment, there was
diffuse centrilobular congestion with marked di-
latation of central veins. Extensive necrosis and
haemorrhage were prominent at this early stage.
Mild bile duct hyperplasia was also observed. In
two cases, there was centrilobular necrosis (Fig.
2(A)) with marked neutrophilic and mononuclear

cell infiltrates (Fig. 2(B)). After 14 days, centrilob-
ular necrosis was present uniformly with the at-
tendant neutrophil and mononuclear cell
infiltrates. Mild bile duct hyperplasia was evident.
The 21-day specimens demonstrated many
changes frequently observed in human alcoholic
cirrhosis. There was centrilobular necrosis with
collapse. Hydropic and focal fatty changes were
observed as well (Fig. 2(C)). Apoptosis-like
changes and dysplasia were frequent (Fig. 2(D)),
as well as fibrosis. The extent of fibrosis was
further documented using Mallory trichrome
staining of the 21-day livers. Accumulation of

Fig. 2. H&E-stained sections of rat liver following varying
lengths of DMN treatment. (A) DMN, 7 days. Centrilobular
hepatocyte necrosis and dilatation of central veins (40× ). (B)
DMN, 14 days. Centrilobular hepaocyte necrosis and neu-
trophilic infiltration (100× ). (C) DMN, 21 days. Eosinophilic
debris (arrow-head) within cytoplasm of hepatocytes, and
enlarged hepatocyte nuclei suggestive of regeneration (arrow)
(400× ). (D) DMN 21 days. Apoptotic (arrow-head) and
dysplastic (arrow) liver cells (400× ).
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Fig. 3. Mallory trichrome-stained rat liver sections following
21 days of DMN treatment. (A) Bridging necrosis and early
fibrosis between central vein and portal tract (100× ). (B)
Fibrosis with bile duct proliferation (150× ). (C) Bridging
fibrosis with collagen fiber deposition (200× ).

This apparent decrease may not have been en-
tirely due to a true decrease in the absolute
amount of liver protein, but could rather be at-
tributed to significant increases in total liver
weight observed on day 7. Edema is one of the
five cardinal signs associated with acute inflamma-
tion, and is the basis of the swelling and increase
in total liver weight at this early time point.
Enhanced hyaluronan deposition and its associ-
ated water of hydration appears to be associated
with this increase in liver size (manuscript in
preparation).

Accumulation of connective tissue proteins, es-
pecially collagen, have been reported in DMN-in-
duced liver injury (Ala-Kokko et al., 1987;
George and Chandrakasan, 1996b). Of particular
importance however, is that enhanced collagen
could be detected here from the very onset of
DMN treatment, with an 81% increase in collagen
content on day 7, the first time point at which
measurements were made, There was a linear
increase in collagen throughout the period of
DMN administration, with a nearly 4-fold in-
crease observed in total collagen content by day
21 (Table 1).

Ito cells are primarily responsible for the in-
creased collagen synthesis in the injured liver
(Weiner et al., 1992; Gressner and Bachem, 1992).
During hepatic necrosis, these cells become acti-
vated (Burt, 1993). The activated Ito cells behave
like myofibroblasts, and initiate vigorous collagen
synthesis (Tanaka et al., 1991; Enzan et al., 1995).
No specific identification of Ito cells were made in
the present study, but the enhanced collagen de-
position is presumed to reflect increased Ito cell
activity. The decreased synthesis of collagenolytic
enzymes by the impaired hepatocytes may have
further contributed to the accumulation of colla-
gen in these liver.

DMN is a particularly potent hepatotoxin.
Doses as small as 20 mg/kg cause massive liver
necrosis and death in many species (Hashimoto et
al., 1989). Exposure to repeated lower doses of
DMN causes subacute and chronic liver injury
with varying degrees of necrosis, fibrosis and
nodular regeneration (Magee and Barnes, 1967).
DMN occurs in trace amounts in tobacco smoke
condensates (Rhoades and Johnson, 1972; Mc-

smudged eosinophilic material could be seen (Fig.
2(C)), suggestive of Mallory’s hyaline.

There was bridging necrosis and early fibrosis
between portal tract and central veins (Fig. 3(A)).
All the 21st day liver sections demonstrated fibro-
sis with well-formed collagen fibers around central
veins, as well as duplicated bile ducts (Fig. 3(B)).
A higher magnification (200× ) of the bridging
necrosis and fibrosis is presented in Fig. 3(C), in
contrast to the 100× shown in Fig. 3A.

4. Discussion

In this model of toxic liver injury, an apparent
loss of total protein was observed (Fig. 1). The
maximum decrease was on day 7 as per the liver
wet weight ratio. The decrease of total protein
(Table 1) corroborates a previous report (Ala-
Kokko et al., 1987). A general inhibition of
protein synthesis has been reported after DMN
administration in rat liver (Magee, 1958; Heath,
1962) that may be partly responsible for dimin-
ished protein levels. The proteins measured are
predominantly non-collagenous proteins. The syn-
thesis of collagenous proteins occurs in proliferat-
ing non-hepatic (Ito) cells during the process of
fibrosis (Weiner et al., 1992; Gressner, 1995).
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Cormick et al., 1973) and may be involved in
the etiology of lung cancer. The carcinogenicity
of DMN is also well established (Magee, 1989;
Magee and Barnes, 1967; Tsutsumi et al., 1993).

DMN-induced liver injury in rats is a repro-
ducible and potentially valuable animal model
for studying human hepatic cirrhosis. The histo-
pathological changes observed correlate with the
alterations observed in human alcoholic cirrho-
sis. After 21 days, massive centrilobular necrosis
was observed with well developed fibrosis sur-
rounding central veins. Occasional bridging was
also found. The mortality rate observed in the
present study is consistent with previous reports
(Jenkins et al., 1985; Chowdhury and Taylor,
1989). Increased portal pressure and decreased
liver blood flow as well as ascites have been
reported previously following DMN administra-
tion in rats (Jenkins et al., 1985).

An increase in liver weight was observed by
the 7th day of DMN treatment (Fig. 1) as is
often observed clinically in the early stages of
cirrhosis. A significant decrease in liver weight
then occurred, as has also been reported
(Chowdhury and Taylor, 1989), with a decreased
liver weight to body weight ratio (Ala-Kokko et
al., 1987). Detoxification of DMN takes place in
the liver by the microsomal cytochrome P-
450IIE1 group of enzymes (Yang et al., 1985,
1990; Yoo et al., 1988; Tsutsumi et al., 1993). In
this connection, it is important to note that an
induction of liver enzymes, especially the synthe-
sis of cytochrome P-450IIE1 enzyme systems, is
observed in ethanol-treated rats (Tsutsumi et al.,
1993). An induction of cytochrome P-450IIE1
enzyme activity is also observed in human liver
following ethanol ingestion, with a correspond-
ing increase in encoding mRNA levels (Taka-
hashi et al., 1993). An induction of liver activity,
especially the synthesis of cytochrome P-450II
group of drug metabolizing enzyme systems, is
also observed in phenobarbitone-treated animals
(Bhat and Padmanaban, 1979; Kumar and Pad-
manaban, 1980; Lake et al., 1993). However in
the later stages, liver weight is reduced because
of decreased protein synthesis, massive cell ne-
crosis and collapse of liver parenchyma. The rel-
ative starvation of the experimental animals may

have also contributed to the decrease in liver
weight.

Centrilobular necrosis is characteristic of toxic
liver injury. Fatty degeneration and centrilobular
necrosis are reported in carbon tetrachloride
(Kawasaki et al., 1994) and in ethanol-induced
liver injury (Caulet et al., 1989; Inomata et al.,
1987). Centrilobular heamorrhagic necrosis and
mononuclear infiltration are also observed in
DMN-induced liver damage (Butler and Hard,
1971; Jezequel et al., 1989). In the present study,
severe centrilobular congestion and centrilobular
necrosis with intense neutrophilic infiltration
were present uniformly by day 14 of DMN ad-
ministration. Mallory bodies are a key feature of
alcoholic liver disease (Vyberg and Leth, 1991;
Charels and Kloppel, 1991). Such changes in
hepatocytes are considered a histologic marker
of alcohol-induced liver damage (McCormick et
al., 1973). In the DMN-induced liver injury
model reported here, classic Mallory bodies were
not observed, though there was the accumula-
tion of intracellular smudged eosinophilic mate-
rial (Fig. 2(E)) suggestive of Mallory’s hyaline,
though no such staining was observed within vi-
able cells.

Apoptosis is considered a mechanism for cell
death in DMN-induced liver injury (Neuman
and Logan, 1950; Hirata et al., 1989). In the
present investigation, changes suggestive of
apoptotis were observed. Apoptosis occurs not
only during normal tissue modifications (Kerr et
al., 1972; Cohen, 1994), but also in many patho-
logical processes. It is characterized by cell
shrinkage with hyperchromatic nuclear fragmen-
tation, and biochemically, by chromatin cleavage
into nucleosomal oligomers (Trump and
Berezesky, 1992; Bufa et al., 1993; Savolainen et
al., 1988). The DMN-induced liver injury in rats
described here was associated with apoptosis,
similar to that found in human beings with hep-
atic fibrosis and alcoholic cirrhosis. An increase
in the number of apoptotic bodies are reported
in alcoholic liver disease (Yacoub et al., 1995;
Goldin et al., 1993) indicating that apoptosis
may also be the mode of cell death in ethanol-
induced liver damage.

Dysplasia is a premalignant change of hepato-
cytes characterized by enlargement and multinu-
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cleation, nuclear hyperchromatism and multiple
nucleoli. The condition is associated with cirrho-
sis, liver cell carcinoma and viral hepatitis. Dys-
plasia is common in experimental animals during
the induction of liver tumors by chemical carcino-
gens. In the present investigation some degree of
dysplasia was observed on the 21st day of DMN
administration.

Bridging necrosis is an indication of severe liver
damage, and is associated with poor prognosis
(Cooksley et al., 1986; Trump and Berezesky,
1992). The necrosis and bridging fibrosis in
DMN-induced liver injury is consistent with such
severe liver damage. The liver necrosis found in
many of the animals causes collapse of the par-
enchymal framework of the liver, which histologi-
cally can resemble fibrotic changes. However,
trichrome staining indicated that new collagen
bundles were being deposited, as was confirmed
by the biochemical analyses.

In conclusion, DMN induced liver injury in rats
reflects changes that occur in human hepatic
fibrosis, and displays many of the features, such
as portal hypertension, ascites, as well as a num-
ber of other histopathological and biochemical
abnormalities. Of major importance however is
that this is a model for the early onset of collagen
deposition, the major protein of the fibrosis and
key to the process of cirrhosis. It is an appropriate
animal model for studying mechanisms of hepatic
fibrosis, and may provide a model for the rapid
screening antifibrotic agents.
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