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Influence of dietary nucleotides on liver structural
recovery and hepatocyte binuclearity in cirrhosis
induced by thioacetamide

M I Torres-L6pez, I Fernandez, L Fontana, A Gil, A Rios

Abstract
Intake of thioacetamide in drinking water
causes liver cirrhosis in rats, which exhibit
many changes similar to human disease.
Nucleotides play an important part in
major cellular functions, and recent
studies suggest that dietary nucleotides
may be considered 'semi-essential' nutri-
ents in situations when an inadequate
dietary supply may affect the growth of
tissues with a rapid turnover rate. The aim
of this study was to assess the effect of
dietary nucleotides on lesions in thio-
acetamide-cirrhotic rats, and to calculate
the proportion of mono and binucleated
hepatocytes in different experimental
groups. Rats were given cirrhosis by oral
intake of thioacetamide in the drinking
water (300 mg/I) for four months. One
group was treated with a standard
nucleotide free diet, and another group was
treated with the same diet supplemented
with 250 mg ofnucleotides per 100 g of diet
for one and two weeks. A striking reduc-
tion (mean (SEM)) in the proportion of
binucleated cells was seen in thio-
acetamide-cirrhotic rats (4.8 (1.3) v 21-4
(1.0)), showing a change in the mitotic
mechanism in focal lesions. Cirrhotic rats
that consumed a semipurified diet supple-
mented with nucleotides during two weeks
showed considerable histological regenera-
tion ofthe injured liver. These animals had
significantly higher proportion of binucle-
ated cells than did animals at the beginning
of the recovery period (8.2 (1.2) v 4.8
(1.3)). In the second week ofrecovery, both
types of diet (F=5.54, p<0.05) and the
previous administration of thioacetamide
(F= 142.82, p<0-001) had significant effects
on the percentage of binucleated hepato-
cytes.
(Gut 1996; 38: 260-264)
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Thioacetamide (TAA) induced cirrhosis in rats
is characterised by single cell necrosis, fibrosis,
nodular parenchyma, and disruption of the
vascular pattern.'-6 In a number of animal
models, TAA cirrhosis seems to resemble the
important features ofhuman disease.7-10

Severe protein energy malnutrition, common
in patients with advanced liver disease, can
seriously undermine the capacity for liver
regeneration and functional restoration.' 12

Disturbance in carbohydrate, protein, and lipid
metabolism are most relevant for, and respon-
sive to, nutritional supplementation. None the
less, an adequate supply of energy, protein, and
other nutrients is important for liver regenera-
tion. Nucleotides are the basic unit of nucleic
acids and play an important part in all major
aspects of metabolism.'3 Recent studies suggest
that dietary nucleotides may be considered
'semi-essential' nutrients in special situations
when an inadequate dietary supply may affect
the growth of tissues with a rapid turnover
rate. 13-16

Binucleated cells are present in a variety of
organs, including hepatocytes. The proportion
of binucleated liver cells depends on variables
such as species, age, growth, regeneration,
response to genotoxic or non-genotoxic car-
cinogens, and neoplasia.17 Jack et al 18 noted
the importance of hepatocyte hypertrophy in
contributing to the development of pre-
neoplastic lesions. Changes in the per cent of
binucleated and mononucleated hepatocytes
may be important in explaining the signifi-
cance of hypertrophy in changed hepatocytes.
A reduction in binuclearity apparently influ-
ences total nuclear and cellular ploidy. These
authors also reported a change in the regula-
tion of the mitotic cycle and, consequently, of
cell growth.'8

In this study we assess the effects of dietary
nucleotide administration on cirrhosis in rats,
to find out if an exogenous supply of these
nutrients benefits the optimal functioning of
hepatocytes and structural recovery in the
damaged liver. We also estimated the percent-
age of mono and binucleated hepatocytes in
liver tissues from different experimental
groups, in an attempt to determine the effect of
TAA, and the extent to which dietary supple-
mentation with nucleotides restored normal
numbers of these cells after TAA induced
cirrhosis.

Methods
Female Wistar rats were maintained under
standardised conditions in our laboratory. The
animals were divided into two groups: one
group was treated with 300 mg/l TAA dis-
solved in drinking water (provided ad libitum);
the other group, which served as the control,
was given water without TAA. For three
months all animals were fed a standard chow
diet, then a semipurified control diet was sub-
stituted and given for one month (Table I).
Composition of semipurified diet complied
with ILAR rules.19
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TABLE I Semipurified control diet composition (Research Department ofPULEVA, Spain) Number of mononucleated and binucleated

Composition g Chemical composition %

Calcium caseinate 225-5 Proteins 20
Cellulose 50 Carbohydrates 67-18
Sugar 150 Lipids 10
Corn starch 446-27 Minerals 2-4
VKO 100 Vitamins 0-0129
Minerals* 24 DI-Methionine 0.3
Vitamins* 0-129 Choline chloride 0.11

Expressed as kg of diet. VKO: mixture of olive oil (66%), soya oil (23%), and medium chain
triacilgl cerides from refined coconut oil (1 1%). *Mineral and vitamin values as specified by
ILAR.1

All animals were housed and treated in
accordance with the recommendations of the
American Physiological Society.20

After four months, six control and seven
TAA treated animals were killed to evaluate
the changes produced by the administration of
TAA. At this time, treatment with TAA was
stopped and the rest of the animals in the TAA
and control groups were divided into the
following groups:

(a) Control group - the control group was
divided into two subgroups. In one (control-
control), the animals received the semipurified
diet for one (CC1, n=5) or two weeks (CC2,
n=7). In the other (control-nucleotide), rats
were given the semipurified diet supplemented
with 50 mg each of AMP, IMP, CMP, GMP,
and UMP per 100 g feed during one (CN1,
n= 5) or two weeks (CN2, n= 7).

(b) TAA group - the TAA group was also
divided into subgroups. In the TAA-control
subgroup, the animals received the semipuri-
fied diet for one (TC1, n=8) or two weeks
(TC2, n=9). In the TAA-nucleotide sub-
group, the semipurified diet was supplemented
with 50 mg each of AMP, IMP, CMP, GMP,
UMP per 100 g feed during one (TN1, n=9)
or two weeks (TN2, n= 10).

Histological studies
After the animals were killed, the liver was
immediately removed and samples were taken
from the left lobe. Tissue was fixed in 3%
glutaraldehyde in cacodylate buffer (0.1 M,
pH 7.3), and postfixed in 1 /5% osmium
tetroxide. The samples were then dehydrated
in acetone and embedded in Epon 812 resin.
Semithin sections (1 ,im) stained with
toluidine blue were used for light microscopic
examination.

Underlying cirrhosis and fibrosis were con-
firmed histologically in all cases.

TABLE II Body weight and liver weight/body weight ratio in rats with cirrhosis induced by
oral intake of TAA forfour months, and after one and two weeks of recovery andfeeding
with either a semipurified control diet or a diet supplemented with nucleotides

Body weight Liver weight/body weight
Group (g) X1O3

TAA 212-4 (14-9)*§ 40.5 (0.0)*§
Control 304.3 (12-0) 22-2 (0.0)
Experimental groups 1 Week 2 Weeks I Week 2 Weeks

TAA-nucleotides 260-7 (9.5)tlIiI 281-5 (8.4)t§t§ 33.9 (0.0)t¶tI1 30-2 (0°0)tII
TAA-control 237-9 (10.3)4§ 255-4 (7.0)tIIt1I 32.7 (0.0)t¶til 33.9 (0.0)t§T¶
Control-nucleotides 392-6 (23 0)*11 381-7 (24.1)*11 25-0 (0.0) 27-1 (0.0)
Control-control 335-0 (12-8) 357-3 (15.5)*¶ 23-9 (0.0) 26-5 (0.0)

Results are expressed as mean (SEM).
*Significance v control; tsignificance v thioacetamide; *significance between experimental TAA
group after recovery and its control group. §p<0-001; 11p<0O01; lp<005.

hepatocytes
Sections measuring 1 p.m thick were stained
with toluidine blue and used to count mono
and binucleated hepatocytes in each animal.
All counts were made with a grid fitted in the
eyepiece of the microscope at 63X magnifica-
tion. Three random fields in each of 10 sec-
tions were counted, and the mean values were
calculated for each animal.

In sections from cirrhotic rats the fibrous
septae were not taken into account. To
estimate the number of mono and binucleated
hepatocytes in each group, we calculated the
relative proportions of each cell type in each
animal with the formulas number of mono-
nucleated cells/number of binucleated
cellsX 100, and number of binucleated cells/
total number of hepatocytesX 100.

Statistical analysis
All results are expressed as the mean (SEM). A
one way analysis of variance (ANOVA) was
used to compare TAA treatment v the control
factor. A two way ANOVA was used to evalu-
ate the combined effects oftwo variables (TAA
treatment and diet).21 Comparison of the
means was done using 'a posteriori' Bonferroni
test; p<0 05 was considered statistically
significant. All data were evaluated for statis-
tical significance with BMDP software.22

Results
Water intake by TAA treated rats was signifi-
cantly lower than in control animals (12.92
(0.33) v 29.52 (0 82) ml/day). In addition,
food intake was slightly lower in the experi-
mental TAA group (18.60 (0.40) v 20-21
(0.53) g/day). During the second week of
recovery, intake of the semipurified diet
increased significantly in the experimental
group (21.27 (1.48) g/day in group TC2 v
16-77 (0.44) g/day in group CC2), although
the difference in food intake between the sub-
groups given the nucleotide supplemented
diets did not reach significance (20.03 (0.09)
g/day in group TN2 v 16.69 (3.51) g/day in
group CN2).
The degree of liver hypertrophy induced by

TAA was evaluated on the basis ofbody weight
and the liver to body weight ratio (Table II).
After four months of TAA administration,
body weight was lower, and the liver to body
weight ratio higher, in TAA fed rats. An
increase in body weight was seen in all TAA
treated animals after one and two weeks of
recovery, but they failed to reach their corres-
ponding control values. The liver to body
weight ratio in previously TAA treated animals
that were treated with different diets remained
high, except in the TN2 group.

Histologicalfindings
Cirrhosis with extensive organic injury was
detectable four months after the beginning of
the experiment. The liver of TAA treated
animals showed a generalised nodular
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Figure 1 Light micrographs of rat livers (A) controlgroup (B) TAA group In the

group treated with TAA fibrous septa, ductular proliferation, and inflammatory cell

infiltration of the portal tract are seen. (Original magnification X 8 .)

appearance. Regenerative parenchymatic
nodules were seen surrounded by septa of
fibrous tissue. There was a considerable
increase in bile canaliculi, fat storing cells, and
Kupffer cells (Fig 1).
The layers of connective tissue were

thickened, and the parenchymal areas were

considerably reduced. The hepatocytes
seemed to be larger and structurally abnormal,

with an irregular, voluminous nucleus and
prominent nucleolus. The cytoplasm con-
tained large numbers of fat droplets (Fig 1).

Rats that consumed the diet supplemented
with nucleotides during two weeks after treat-
ment with TAA showed appreciable histological
regeneration of the injured liver. In this group
we saw a considerable reduction in the extent of
fibrous septae, and an increase in the surface
occupied by normal hepatic parenchyma.

In rats given the control diet for two weeks,
recovery was evident, but structural improve-
ment was less complete than in animals that
received nucleotide supplements (Fig 2). One
week was found to be too short a period for
there to be significant changes suggestive of
hepatic recovery.

Binucleated and mononucleated cells
A significant decrease in the percentage of
binucleated cells, with a corresponding
increase in the percentage of mononucleated
cells, was seen in the TAA group (Table III).

In animals treated with TAA and subse-
quently fed either a semipurified diet or a diet
supplemented with nucleotides, we did not see
significant changes in the relative proportions
ofmono and binucleated hepatocytes after one
week with respect to the start of the recovery
period. In group TN2 animals, however, the
percentage of mononucleated cells after two
weeks was significantly lower than at the begin-
ning of the recovery period, so that the propor-
tion of binucleated cells had almost doubled.
At the second week of recovery both the type of
diet and the previous administration of TAA
had significant effects on the percentage of
binucleated hepatocytes (Fdiet=5 54, p<0-05,
FTAA= 142-82, p<0001).

Discussion
Treatment of rats with TAA at doses and for
periods similar to those used in this study
cause cirrhosis-like hepatic lesions with histo-
logical and metabolic characteristics similar
to those of human cirrhosis of different
origins.7-'0 In this study liver injury induced by
TAA was characterised by the presence of
cellular necrosis and parenchymal nodularity;
the increase in liver weight was mainly caused
by non-parenchymal tissue, most of which
consisted of connective tissue and vascular
lumina. Our findings suggest that dietary
supplementation with nucleotides influences
the recovery from changes in body weight and
liver weight caused by nodular cirrhosis.
The liver, especially in rats, has a consider-

able capacity for regeneration, which occurs
as surviving hepatocytes undergo mitosis to
offset the loss of cells caused by hepatotoxic
agents. Research interest has centred on the
mechanisms of regeneration, and it has been
suggested that they may be specific, to some
degree, for cellular proliferation aimed at
restoring the initial number of cells and re-
establishing hepatic function.23
The selective destruction of liver cells after

TAA is given was followed by proliferative
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TABLE III Relative proportions ofmono and binucleated hepatocytes in rats with cirrhosis
induced by oral intake of TAA forfour months, and one and two weeks after withdrawal of
the hepatotoxic agent andfeeding with either a semipurified diet or a diet supplemented
with nucleotides

Group % Mononucleated % Binucleated

TAA 95-2 (3.0)*11 4-8 (1-3)*11
Control 78-6 (2-3) 21-4 (1.0)
Experimental groups 1 Week 2 Weeks 1 Week 2 Weeks

TAA-nucleotides 95-0 (1.6)t11 91-8 (2.6)jatI1 5.0 (07)11 8-2 (l12)ta*t1
TAA-control 93.4 (2.6)t 93-6 (3.0)tII 6.6 (1 1)tII 6 4 (13)tII
Control-nucleotides 79-6 (1.8) 77-8 (1l9)§a 20-4 (0.8) 22-2 (0.9)5a
Control-control 76-8 (3.1) 81-2 (2.3) 23-2 (1-4) 18-8 (1 0)

Results are expressed as mean (SEM).
*Significance v control; tsignificance v TAA; *significance between experimental TAA group
after recovery and its control group; §significance v control-control 2 weeks.
IIp<O-001; ¶p<O01; ap<o.05.

processes, as shown by the finding of dediffer-
entiated populations of hepatocytes.

Michalopoulos et al have suggested that
obstruction of hepatocyte proliferation may be
programmed phenotypically, or may result
from internal signals.24

Changes in the population of binucleated
cells suggest that mitosis is changed in the
cirrhotic liver. A reduction in the number of
binucleated cells may also affect total and
cellular ploidy. Diez-Fema'ndez et al have
recently described relations between genomic
DNA ploidy and parameters of liver damage
during necrosis and regeneration induced by
intraperitoneal administration of TAA.23
Although the role of mitotic mechanisms
remains speculative, the results of our study
confirm that a reduction in the number of
binucleated cells is consistently seen in TAA
induced nodular cirrhosis. This cell population
may decline because of a decrease in the rate of
formation of binucleated hepatocytes, and
because of the disappearance of existing
binucleated cells.13

Dietary supplementation with nucleotides
influenced the percentage of binucleated
hepatocytes not only in TAA induced nodular
cirrhosis, but also in the non-pathological state,
especially after two weeks of recovery. In rats
fed for two weeks on a diet supplemented with
nucleotides, the proportion of binucleated cells
increased. Although the relative proportions of
cell types did not recover the normal values
found in control animals, they were nearly
double the proportions obtained in TAA treated
rats after four months. These results suggest
that nucleotides affect the regulation of the
mitotic cycle, and thus influence cell growth.
The mechanism by which dietary

nucleotides influence tissue repair remains
unclear. One hypothesis is that dietary
nucleotides may affect the intracellular
nucleotides pool and the rate of nucleic acids
synthesis. Ohyanagi et al have shown that
nucleotides increase the growth of cultured
hepatocytes,16 and Ogoshi et al have seen that
intravenous mixtures of nucleosides and
nucleotides promote hepatic regeneration of
70%/ of hepatectomised rats or liver injury
induced by D-galactosamine.15 In addition,
dietary nucleotides increase glycogen bio-
synthesis in the liver.14 Our working group
recently found that dietary nucleotides
enhance the aggregation of hepatocyte

ribosomes to form polysomes, and increase the
intracellular pool of acid soluble nucleotides in
adult rats. Moreover, Palombo et al have
reported that dietary nucleotides contribute to
maintain the hepatocyte concentrations of
ATP in cold ischaemic rats.25

In conclusion, our findings show the benefi-
cial effects of dietary nucleotides on hepatocyte
repair in rats with liver cirrhosis. In animals
given a nucleotide supplemented diet, the liver
showed widespread evidence of structural
repair of cellular damage, for example, the dis-
appearance of nodules and fibrous septae, and
tended to recover normal numbers of binucle-
ated cells. Changes suggestive of recovery
became apparent after as little as two weeks on
the nucleotide supplemented diet. The degree
of structural recovery, however, depends on
several factors, with diet being only one of the
most important.
Our results suggest that studies in humans

with liver cirrhosis will provide further infor-
mation on the potentially beneficial effect of
dietary nucleotides on hepatic structure and
function.
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English.

1 Gupta DN. Production of cancer of the bile duct with
thioacetamide. Nature 1955; 175: 257.

2 Anghileri LJ, Heidbreder M, Weiler G, Dermietzel R.
Hepatocarcinogenesis by thioacetamide: correlations of
histological and biochemical changes, and possible role of
cell injury. Exp Cell Biol 1977; 45: 34-47.

3 Popper H. Pathological aspects of cirrhosis. Am J Pathol
1977; 87: 228-58.

4 Dasgupta A, Chatterjee R, Chowdhury JR. Thioacetamide-
induced hepatocarcinoma in rats. Oncology 1981; 38:
249-53.

5 Becker FF. Thioacetamide hepatocarcinogenesis. J Natl
Cancer Inst 1983; 71: 553-8.

6 Muller D, Sommer M, Kretzschmar M, Zimmermann T,
Buko VU, Lukivskaya OJ, et al. Lipids peroxidation in
thioacetamide-induced macronodular rat liver cirrhosis.
Arch Toxicol 1991; 65: 199-203.

7 Perez-Tamayo R. Is Cirrhosis of the liver experimentally
produced by CC14 an adequate model ofhuman cirrhosis?
Hepatology 1983; 3: 112-20.

8 Zimmermann T, Muller A, Machnik G, Franke H,
Schubert H, Dargel R. Biochemical and morphological
studies on production and regression of experimental liver
cirrhosis induced by thioacetamide in Uje: WIST rats.
Z Versuchstierkd 1987; 30: 165-80.

9 Mullen KD, McCullough AJ. Problems with animal models
of chronic liver disease: suggestion for improvement in
standardization. Hepatology 1989; 9: 500-3.

10 Kretzschmar M, Machnik G, Muller A, Splinter F-K,
Zimmermann T, Klinger W. Experimental treatment of
thioacetamide-induced liver cirrhosis by metenolone
acetate. A morphological and biochemical study. Exp
Pathol 1991; 42: 37-46.

11 Latifi R, Killam RW, Dudrick SJ. Nutritional support in
liver failure. Surg Clin North Am 1991; 71: 567-78.

12 Muller MJ, Reiger A, Willmann 0, Lautz HU, Balks HJ,
Von Zur Muhlen A, et al. Metabolic responses to lipid
infusions in patients with liver cirrhosis. Clin Nutr 1992;
11: 193-206.

13 Gil A. Role of dietary nucleotides in artificial nutrition.
J Clin Nutr Gastroenterol 1989; 2: 67-70.

14 Ogoshi S, Iwasa M, Yonezawa T, Tamiya T. Effect of
nucleotide and nucleoside mixture on rats given total par-
enteral nutrition after 70% hepatectomy. JfPEN 1985; 9:
339-42.

15 Ogoshi S, Iwasa M, Kitagawa S, Ohmori Y, Mizobuchi S,
Iwasa Y, et al. Effects of parenteral nutrition with nucleo-
side and nucleotide mixture on D-galactosamine-induced
liver injury in rats. JPEN 1988; 12: 53-7.

16 Ohyagani H, Nishimatsu 5, Kanbara Y, Usami M, Saitoh
Y. Effects of nucleosides and a nucleotide on DNA and
RNA syntheses by the salvage and the novo pathway in
primary monolayers cultures of hepatocytes and
hepatoma cells. JPEN 1989; 13: 51-8.

17 Kachi K, French SW. The connection between the nuclei of
binucleated hepatocytes: an ultrastructural study.
J Submicrosc Cytol Pathol 1994; 26: 163-72.

18 Jack EM, Bentley P, Bieri F, Muakkassah-Kelly SF, Staubli
W, SuterJ, et al. Increase in hepatocyte and nuclear volume
and decrease in the population of binucleated cells in

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://gut.bm

j.com
/

G
ut: first published as 10.1136/gut.38.2.260 on 1 F

ebruary 1996. D
ow

nloaded from
 

http://gut.bmj.com/


264 Torres-Lopez, Fernandez, Fontana, Gil, Rios

preneoplastic foci of rat liver: a stereological study using the
nucleator method. Hepatology 1990; 11: 286-97.

19 ILAR. Control of diets in laboratory animal experimenta-
tion. Nutr Abstract Rev: Livestock Feeds and Feeding 1979;
49: 413-9.

20 Council of Europe (1982). European convention for the pro-
tection of vertebrate animals used for experimental and other
scientific purposes. Addendum III. Strasbourg: 9 July 1982.

21 Zar JH. Biostatistical analysis. 2nd ed. Englewood Cliffs:
Prentice-Hall, 1984.

22 Dixon WJ, Brown MB, Engelman L, Jennrich RI. BMDP
statistical software manual. Berkeley: University of
California Press, 1990.

23 Diez-Femrndez C, Bosca L, Fernandez-Sim6n L, Alvarez
A, Cascales M. Relationship between genomic DNA
ploidy and parameters of liver damage during necrosis and
regeneration induced by thioacetamide. Hepatology 1993;
18: 912-8.

24 Michalopoulos GK. Liver regeneration: molecular
mechanisms of growth control. FASEB Jf 1990; 4:
176.

25 Palombo JD, Bowers JL, Clouse ME, McCullough A,
Forse RA, Bistrian BR. Hepatic utilization of exo-
genous nucleotide precussors for restoration of ATP
after cold ischemia in rats. Am J Clin Nutr 1993; 57:
420-7.

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://gut.bm

j.com
/

G
ut: first published as 10.1136/gut.38.2.260 on 1 F

ebruary 1996. D
ow

nloaded from
 

http://gut.bmj.com/

