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SUMMARY

Studies have shown that prostaglandin E2 (PG E2) can
prevent liver necrosis due to several agents. Dimethyl
sulfoxide (DMSO) is also known with its cytoprotective
efficiency. To determine the degree of cytoprotective ef-
fectivenesses of these two agents, 20 female rats were
divided into 5 groups.

Livers of rats treated only with carbon tetrachloride
showed severe necrosis. In groups pretreated with
prostaglandin E2 and dimethyl sulfoxide, degree of
necrosis was very low. Especially prostaglandin E2
could perform this cytoprotection very well.

It is concluded that these two cytoprotective agents
could prevent carbon tetrachloride-induced liver cell
necrosis in the rats at different degrees.

Key Words: Carbon tetrachloride, prostaglandin E2,
dimethyl sulfoxide, cytoprotection.

INTRODUCTION

Prostaglandins are 20-carbon oxygenated fatty acids
present in most mammalian cells and tissues (1).
Beside several actions, they are known to protect many
tissues against a variety of damaging agents (2-4).
Thus, they perform cytoprotection.

On the other hand, dimethyl sulfoxide is known having
beneficial therapeutic effects (3, 7). It is reported that it
may act as analgesic and anti-inflammatory agent when
applied to the skin; it also acts as a diuretic and may
inhibit blood coagulation. Dimethyl sulfoxide is also
known to be a cytoprotective agent (5-7).

In this study, we want to describe how prostaglandin E2
and dimethyl sulfoxide could prevent the necrosing
effect of carbon tetrachloride and we intend to compare
the cytoprotective degree of these two agents.

MATERIALS AND METHODS

20 female Wistar albino rats of 180-200 gr average
body weight were used in this study. All rats were
accomodated in the same room and fed a regular diet
and water ad libitum. Rats were divided into 5 groups: In
group | (n-4), animals were sacrified after 24 hours
following i.p. injection of saline solution (6 ml/kg). In
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group Il (n=4), animals were injected a single dose of
carbon tetrachloride i.p. (6 mg/kg). In group Il (n=4),
rats were pretreated with prostaglandin E2 (20 ug/kg)
i.p. given 1 hour before i.p. carbon tetrachloride (6
mg/kg) administration. In group IV (n=4), rats were
injected a single dose of i.p. dimethyl sulfoxide (4
ml/kg). In group V(n=4), rats were pretreated with
dimethyl sulfoxide i.p. (4 ml/kg) given 1 hour before i.p.
carbon tetrachloride (6 mg/kg) administration.

In all experimental groups, rats were decapitated after
24 hours following the carbon tetrachloride injection.

For light microscopic examinations, liver tissue
specimens were fixed in Bouin's and 10% formalin
solutions. The sections from paraffin blocks (4-5 p.) were
stained with Haematoxylin and Eosin and Periodic acid-
Schiff dyes. Then, they were investigated at Olympus
BH-12 light microscope. For ultrastructural
examinations, tissue specimens were fixed in 2.5 %
phosphate-buffered glutaraldehyde and then postfixed
in 1% Os04 solution for 1 hour. The sections taken from
Vestopal W blocks (400-600 AQ) were stained with
uranyl acetate and Reynold's method. All sections were
examined at Jeol 100 C electronmicroscope.

RESULTS

In group 1 (control group), at light microscopical level,
hepatocytes with rounded nuclei, sinusoids and
sinusoidal walls were in their normal structures (fig. 1).
At the ultrastructural examination of that group,
rounded hepatocyte nuclei, mitochondria with cristae,
granular and agranular endoplasmic reticulum, Golgi
complex, few lipid droplets and glycogen granules were

noted (fig. 6).

In group I, a severe fatty degeneration in hepatocytes
and cell infiltration in parenchyme was quite evident (fig.
2). In Periodic acid-Schiff stained sections, a decrease
in glycogen content within hepatocytes was revealed. In
electronmicrographs of that group, wide perinuclear
spaces around hepatocyte nuclei were seen. Golgi
complex cisternae together with those of the
endoplasmic reticulum seemed to be quite enlarged. A
loss both in ribosomal content and mitochondrial matrix
were noticed together with a severe lipid accumulation
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and decreased glycogen content within the hépatocyte
cytoplasm (fig. 7 and 8).

In group lll, minimal fatty degeneration and cell
infiltration were observed within the liver parenchyme
(fig. 3). Normal glycogen content of the hepatocytes
were determined at Periodic acid-Schiff stained
sections. At electronmicroscopical level, only a slight
dilation in agranular endoplasmic reticulum was
present. Other organelles seemed to be normal with an
obvious glycogen content in rosette form and few lipid
droplets (fig. 9).

In group 1V, the hepatocytes were observed to reflect
normal histology at both light and
electronmicroscopical levels (fig. 4 and 10).

In group V, some fatty degenerations and a slight cell
infiltration were observed at light microscopical
examinations. Glycogen content was noted slightly
decreased in Periodic acid-Schiff stained sections. At
the ultrastructural level, while some hepatocytes
seemed to be normal; dilated perinuclear spaces,
ribosomal loss in granular endoplasmic reticulum, a
decrease in glycogen and lipid droplets were present in
cytoplasms of other hepatocytes (fig. 11). So, various
degrees of cellular degeneration were evaluated within

that group.

DISCUSSION

The aim of this study was to investigate how
prostaglandin E2 (PG E2) and dimethyl sulfoxide could
prevent the degenerative effect of carbon
tetrachloride.

As it is well known, carbon tetrachloride and some other
agents are used in order to produce severe
degeneration in liver for best understanding of how
cytoprotective agents work (8-11). For this purpose, we
used a high dose of carbon tetrachloride (6 mg./Kg.) in
this study.

In group treated only with carbon tetrachloride our
findings such as variations in hepatocytes sizes,
intense fatty degeneration and a decrease in glycogen
content were parallel with those of some studies (3, 8,
11-13). At the ultrastructural examinations, extremely
dilated endoplasmic reticulum membranes, loss in
ribosomal content, swollen and degenerated
mitochondria, many lipid droplets, decrease in
glycogen showed similarities with the findings reported
in some studies (11,14,15). We also noticed the close
relationship of the lipid droplets with Golgi complex.

In many studies (14, 16-18), a biochemical approach
was done in order to explain the mechanism of toxic
effect of carbon tetrachloride. It was mentioned that, the
mechanism was due to the enzymatic activation of
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carbon tetrachloride to a CCI. free radical within the
membranes of endoplasmic reticulum. That
phenomenon was followed by chlorométhylation,
saturation, peroxidation and destruction of unsaturated
fatty acids of endoplasmic reticulum membranes. So,
endoplasmic reticulum was said to be the target side for
carbon tetrachloride (19, 11). We have already noticed
in group Il extremely dilated endoplasmic reticulum
membranes as a morphologic reflection of those
events. In some studies (19, 17, 18, 14)), it was
concluded that carbon tetrachloride-induced necrosis
resulted in an increase in surface tension. Then, a
following loss in ribosomal content was mentioned. We
also observed that loss at the ultrastructural
examination of group Il.

A high increase in lipid droplets within hepatocyte
cytoplasms in group Il was related in some studies (3, 8,
12, 16) to the increased triglyceride synthesis and
decreased oxydation of fatty acids as a result of
mitochondrial degeneration.

In group lll, our evaluations implied that prostaglandin
E2 could protect liver tissue from carbon tetrachloride-
induced necrosis. In many studies (1,2, 4, 11, 20-24),
this protective effect of prostaglandin E2 was evaluated
and it was concluded that a stabilization process of
lysosomal and plasma membranes of hepatocytes
exists. But, this cytoprotective mechanism was not
clearly understood (2, 5, 1, 11).

In group IV, we administered only dimethyl sulfoxide (4
ml/kg) to the rats. In that group, there was no
morphological change within the liver tissue. This
means, in this dose range, dimethyl sulfoxide had no
toxic effect on liver cells. Similar results were reported in
related studies (5, 4, 20).

In group V, pretreated with dimethyl sulfoxide,
especially ultrastructural eavluations implied a less
degree of cytoprotection compared with group |l
pretreated with prostaglandin E?. While some
hepatocytes seemed to be intact; in others, lipid
droplets, mitochondrial degeneration and absence of
glycogen granules suggested that dimethyl sulfoxide
could not perform its cytoprotective effect in the whole
liver tissue. In studies where higher doses of dimethyl
sulfoxide were used, a good cytoprotection was
reported (24 - 26). It is declared that dimethyl sulfoxide
performs it through decreasing the toxic effects of free
radicals.

We can conclude that PGE2 has a strong cytoprotective
effect. Dimethyl sulfoxide effect is thought to be dose-
dependent. We think a higher dose may provide further
cytoprotection and we aim to investigate it in further
studies.
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FIGURE 1: In control group micrograph, portal triad (Ppa), liver parenchymal cells, sinusoids and
Kupffer cells (arrow) are seen. Haematoxylin-Eosin staining. X 200.

FIGURE 2: In carbon tetrachloride injected group, fatty degeneration (arrow), swollen
hepatocytes and cell infitration in the liver parenchyme are observed. Haematoxylin-Eosin
staining. X 200.
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FIGURE 3: In liver of the rat pretreated with PG E2, no necrosis is observed. Vc: Central vein.
Haematoxylin-Eosin staining. X 200.

FIGURE 4: In liver of rat treated only with dimethyl sulfoxide, a normal liver histology is observed.
Vc: Central vein; Ppa: Portal triad. Haematoxylin-Eosin staining. X 200.
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FIGURE 5: In group pretreated with dimethyl sulfoxide, fatty degenerations in some hepatocytes
(arrow) are observed. Haemotoxylin-Eosin staining. X 200.

FIGURE 6: In control group, hepatocytes, sinusoids (Si) and bile canaliculi (Sk) are seen. Nu: Nucleus; Mi;
Mitochondrion; GER: Granular endoplasmic reticulum; SER: Agranular endoplasmic reticulum; G: Golgi
complex; Gl: Glycogen. X 10.000.
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FIGURE 7: In group treated with carbon tetrachloride, extremely hypertrophied endoplasmic reticulum
membranes (ER) and dilations at the perinuclear spaces (arrow) are present. X 10.000.

FIGURE 8: In group treated with carbon tetrachloride, hepatocyte nucleus (Nu), nucleolus (Nk), giant lipid
droplets (Li) and their relationship with Golgi complex are observed. X 10.000.
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FIGURE 9: In group pretreated with PG E2 before carbon tetrachloride administration, nucleus (Nu),
nucleolus (Nk), mitochondria (Mi), well developed granular endoplasmic reticulum (GER) and glycogen in
rosette form (arrow) are present. X 13.200.

FIGURE 10: In group treated only with dimethyl sulfoxide, no necrosis in liver cells is observed. Nu: Nucleus;
Nk: Nucleolus; Mi: Mitochondrion; G: Golgi complex; GER: Granular endoplasmic reticulum. X 13.200.
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FIGURE 11: In liver of rat pretreated with dimethyl sulfoxide before carbon tetrachloride administration, some
lipid droplets (Li), poorly developed granular endoplasmic reticulum (GER) and glycogen particles (arrow)

are seen. Nu: Nucleus; Mi: Mitochondrion. X 10.000.

REFERENCES

1.

2.

10.

11.

12.

13.

. Dixit V. et al.: Effects of prostaglandin

RobertA. et al. Cytoprotection by prostaglandins. Gast-
roenterol 1979; 77: 761-767.

Abecasis M, et al. Hepatic cytoprotection by
prostaglandins: Theories unlimited. Hepatology 1988;
8:969-978.

. Akahori A, et al. Time course of biochemical and

histological alterations following a single feeding of
carbon tetrachloride to mice. Japan J Exp Med 1983;
53; 199-209.

on brain
edema and liver histopathology in galactosamine-
inducedfulminant hepaticfailure rat model. Biomat Art
Cells Art Org 1987; 15:559-573.

. Aslam HS. The effect of dimethyl sulfoxide on

cholesterol and bile acid metabolism in the rats. Pro Soc
Exp Bio and Med 1987; 186:205-210.

. Eldeib M., Reddy CS. Mechanism of dimethyl sulfoxide

protection against the teratogenicity ofsecalonic acid D
inmice. Teratology 1988; 38:419-425.

Jeffery E.H, Hascek W.M. Protection by dimethyl
sulfoxide against acetaminophen-induced hepatic, but
not respiratory toxicity in mouse. Toxicol Appl Pharma-
col 1988;93:452-461.

.Bernacchi A. S., et al.: Further studies on the late

preventive effects o fthe anticalmodulin trifluoperazine
on carbon tetrachloride-induced liver necrosis. Exp and
Molec Pathol 1988; 43: 286-300.

. Francavilla A. et al. A dog modelfor acetaminophen-

inducedfulminant hepaticfailure. Gastroenterol 1989;
96:470-478.

Jaszewski R, Crane S. Failure ofa cytoprotective dose of
arbacet to heal acute gastric ulcers. Amer. Jour, o f Gast-
roenterol 1988; 83: 734-737.

Stachura J. et al. Prostaglandin protection of carbon
tetrachloride-induced liver cell necrosis in the rat. Gast-
roenterol 1981; 81: 211-217.

Bhathal PS., et al. Strain differences in mice in carbon
tetrachlo ride-induced liver injury. British Journal Exp
Pathol 1983; 64:524-533.

Gorla N. et al. Studies on the mechanism of carbon
tetrachloride induced liver injury. Br J Exp Path 1983;
64:387-395.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Reynolds E. et al. Liver parenchymal cell injury. Lab In-
vest 1971, 25: 269-277.

Tyson C, Story D. L, Stephens RJ. Ultrastructural
changes in isolated rat hepatocytes exposed to different
carbon tetrachloride concentrations. Biochem. and
Biophysical Research Commun 1983; 114:511-517.
Hernandez R.M .et al. Effects o f adenosine on liver cell
damage induced by carbon tetrachloride. Biochem.
Pharmacol 1984; 33:2599-2604.

Recknagel R.OA new direction in the study of carbon
tetrachloride hepatotoxicity. Life Sci. 1983; 33: 401-
408.

Recknagel R.O. Lipoperoxidation as a vector in carbon
tetrachloride hepatotoxicity. Lab Invest 1966; 15:132-
148.

Paul B, Rubinstein D. Metabolism of carbon
tetrachloride and chloroform by the rat. Lab Invest
1963; 141:141-148.

Ferguson W. et al. Protective effect ofprostaglandin EI
on lysosomal enzyme release in serotonin-induced
gastric ulceration. Ann Surg 1973; 177: 648-654.
Houvenaghel A, Wechsung E. Influence of
prostaglandins on blood flow through the superior
mesenteric artery in the pig. Arch Int Pharmacodyn
1977; 30:332-334.

Jaszewski R, Crane S. The effect of 15(R)-15-Methyl
prostaglandin E2 on the healing of aspirin or
nonsteroidal antiinflammatory drug-induced gastric
mucosal lesions. Am J Gastroenterol 1987; 82:140-144.
Lancaster C, Robert A. Intestinal lesions produced by
prednisolone: prevention by 16, 16-dimethyl
prostaglandin E Am J Pathol 1978; 235: 703-708.
Reinhart W. H. et al. Influence of long-term 16, 16
Dimethyl Prostaglandin E2 treatment on the rat
gastrointestinal mucosa. Gastroenterol 1983; 85:
1003-1010.

Salim A. S. Role of oxygen-derived free radicals in the
mechanism of chronic gastric ulceration in the rat:
implicationsfor cytoprotection. Digest. 1989; 43:113-119.
Terano A. et al. Role of superoxide and hydroxyl
radicals in rat gastric mucosal injury induced by
ethanol. Gastroenterol Jpn 1989; 24:488-493.

148



