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INTRODUCTION

Silymarin is a substance which was
isolated in 1968 from the seeds of the
milk thistle (Silybum marianum L.
Gaertn), a species known in antiquity
as an efficacious and medicinal piant
(wagner et al., 1968). The chemical
structure of silymarin has been eluci-
dated and satisfactorily defined. Sily-
marin with refined techiques of chemi-
cal separation was found to be formed
of three compounds which are isom-
ers and have the empirical fromula
C25 H22 O1g (wagner et al., 1974).

The pharmacological and clinical
investigations proved that silymarin
had a general protective action on the
liver cells.

Silymarin was found to exert a

13

marked protective effect in different
forms ol liver damage e. g. carbon tet-
rachloride (Rauen and Schriewer,
1971 and Schriewer et al., 1973 a),
ethanol (Castigli et al., 1977)., ethioa-
cetamide (Schriewer et al., 1973b)
and thallium (Mourelle et al., 1988).

Although the value of the prophy-
lactic use of silymarin is generally ac-
cepted, yet it's use as a therapeutic
agent in trentment of already formed
hepatic damage is a point of contro-
versy. Some authors denied it's bene-
fit (Hoefler et al., 1987), while others
reported a pronounced therapeutic
value of silymarin (Castigli et al., 1977
and Lapis et al., 1986).

The aim of bresent study was to
evaluate the prophylactic versus the
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14 EVALUATION OF THE PROPHYLACTIC etc...

possible therapeutic use of silymarin
in experimental mode! of hepatic dam-
age.

MATERIAL AND METHODS
Drugs Used :

- Sodium phenobarbitone powder
(Alexandria - Co.).

- Carbon tetrachloride (Adwic - Co.)
each 1 ml. contains 1gm. carbon tet-
rachioride.

- Silymarin (Legalon tablets, Madous -
Co.) 35 mg. silymarin / tablet.

Animals Used :

60 male albino rats, almost of the
same age and wieghing 80-110gm
each were used throughout this study.
They were caged under similar hous-
ing conditions, kept on a diet of mik
and bread and were liberally supplied
with water.

Induction of Liver Cirrhosis in
Rais : :

Induction of liver cirrhosis was car-
ried out according to the method de-
scribed by Mclean et al., (1969) and
Tamayo (1983). Sodium phenobarbi-
tone was dissolved in tap water at a
concentration of 0.4 gm/L. This was
the only drinking water available to the
rats in which induction of liver cirrhosis
had to be carried out (Mclean et al,,
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1869 and Proctor and Chatammara,
1982). This drinking water was given
for one week before and one week af-
ter the first dose of carbon tetrachio-
ride (CCL4). After these two weeks,
the rats supplied by tap water for
drinking untill the and of the study.
The animals were injected intraperito-
neally with CCl4 three times weekly
for 10 weeks. Each rat received 0.1ml.
in the first two weeks, 0.15ml. during
the subsequent four weeks and 0.2
ml. for the remaining last four weeks.

Induction of liver cirrhosis was car-
ried out into 45 rats and the remaining
15 rats were left as non cirrhotic con-
trol group (Group I). The eirrhotic racs
were divided into three groups, each
of 15 rats and were treated as follows:

- Group () : cirrhotic control group :
Rats received no treatment and
gach rat was given 0.5ml. normal
saline orally by gastric tube.

- Group (I} : Each animal was given
silymarin 80 mg/kg (Paget and
Barnes, 1964) daily throughout the
CCL4 treatment to produce cirrhosis
(10 weeks).

- Group (IV) : Each rat was treated
with silymarin in dose of 80 mg/kg/
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day orally for 10 weeks after CCL4
induction of liver cirrhosis was com-
pleted.

At the end of the study, animals
were sacrificed, blood samples were
collected and sera were seperated for
determination of serum glutamic pyru-
vic transaminase (SGPT) and glutam-
ic oxalacctic transaminase (SGOT)
according to Reitmain and Frankel
method (1857), serum alkaline phos-
phatase {Belfield and Glodberg, 1971)
serum bilirubin (Jendrassik, 1960), to-
tal cholesterol (Flegg 1 973), triglyce-
rides (Frings and Dunn, 1970) and
free fatty acids (Duncombe, 1964).

The liver was carefully dissected
and removed. The liver specimens
were tixed in 10% neutral formalin, de-
hydrated, cleared and embeded in
paraffin. Sections were cut at 5 U,
stained with haematoxylin and eosin
for histopathological examination.

RESULTS

As illustrated in table (1), CCL4 ad-
ministration alone produced significant
elevation of serum SGOT, SGPT, al-
kaline phosphatase, bilirubin, free fatty
acids and significant fall of serum total
cholesterol and triglyceride in compar-
ison to non cirrhotic control group

(P<0.001). Meanwhile the prophylactic
use of silymarin in group (Ill) com-
pletely prevented these CCL4 induced
changes; since all the parameters es-
timated were more or less similar to
control non cirrhotic group (P>0.05).

As shown in table (2) administra-
tion of silymarin to cirrhotic rats
(Group 1V) produced significant de-
crease in serum levels of SGOT,
SGPT, alkaline phosphatase, bilirubin
and free fatty acids and significant rise
of serum triglyserides and total cho-
lesterol in comparison to untreated cir-
rhotic group (P<0.001). However,
most of these estimated parameters
were still significantly different from
the values observed in the non cirrhot-
ic control group, i. e. the CCL4 in-
duced changes were partially but not
completly corrected.

Histopathological Findings :

Macroscopic Findings :

Most of the animals in group |l
(only CCL4 treatment) and group IV
(Silymarin therapy after CCL4 treat-
ment) showed fine nodular surface
and firm consistancy of the liver.
Meanwhile, all animals of group |
(control non treated) and most of the
animals in group Ill (concurrent sily-
marin and CCL4 treatment) showed
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more or less normal appearance of liv-
ar

Microscopic Findings :

The liver of control non treated
group revealed normal lobular archi-
tecture without significant pathological
changes (Fig. 1) On the other hand,
ten out of fifteen rats in group i
(Cirrhotic control, only CCL4 ftreat-
ment), showed picture of complete liv-
er cirrhosis in the form of variable
sized regenerating liver cells nodules
surrounded by fibrous tissue heavily
infiltrated by lymphocytes. The hepa-
tocytes showed marked hydropic de-
generation with ballooning and areas
of necrosis, while portal tracts and
central veins lost their regular spacing
(Fig. 2). Focal areas of fatty change
were present in some animals. Three
of the remaining five rats showed pic-
ture of hepatitis with developing cir-
rhosis. The liver cells appearec; swol-
len and have formed groups. The
architecture was destroyed and curv-
ing septa extending from portal tracts
between the groups of liver cells were
noticed, (Fig, 3). The other two rats
showed massive liver cell necrosis in-
volving almost all liver cells in all lo-
bules with only a few surviving peri-
portal hepatocytes (Fig. 4).
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in group Il (concurrent silymarin
and CCLg treatment) eleven out of fif-
teen rats had more or less normal liv-
ers with no significant pathological
changes (Fig. 5). The remaining four
rats showed the picture of cirrhosis,
but however, it was of mild activity.

The regenerating nodules were focaily

present with much decrease in the
amount of surrounding stroma as well
as of the lymphocytic infiltration. Only
mild hydropic degeneration without
necrosis of hepatocytes was observec
(Fig.6). On the other hand, in group {1V
which was treated with silymarin after
induction of liver cirrhosis, nine rats
out of fifteen showed the picture of
complete cirrhosis, but of moderate
degree of activity as the lymphocytic
infiltration and the amount of stroma
surrounding the regenerating nodules
were slightly decreased than in the
only CCL4 treated group (Fig. 7). The
remaining six rats showed histopatho-
logical lesions ranged from only ne-
crotic changes to the picture of devel-
oping cirrhosis.

DISCUSSION
In the present study, long term ad-
ministration of CCL4 caused histopath-
ological changes in rat's liver which
were similar to cirrhosis in man. Simi-
lar findings were reported by De Heer
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et al., (1980) and Tamayo (1983).
These histopathological changes were
accompanied with biochemical chang-
es that indicated deterioration of liver
functions including significant eleva-
tion of serum activities of SGOT,
SGPT and alkaline phosphatase and
the concentration of bilirubin and free
fatty acids (F. F. A.) together with sig-
nificant fall in serum total cholesterol
and triglycerides. These biochemical
changes were in agreement with
those reported by schriewer et al.,
(1973a) and Mourelle et al., (1989).

Toxic injury of liver by CCL4 is ac-
tually the result of it's metabolic con-
version by a complex of enzymes of
the hepatocytes smooth endoplasmic
reticulum to a highly reactive halo-
alkane (CCL3) and chloine (CL) free
radicals. These free radicals react with
molecular oxygen to form peroxides
which can also serve as free radicals
(Anderson & Kissane, 1977). All the

-formed free radicals in turn could in-
teract with unstaturated fatty acids in
lipid-containing cell membranes and
organells causing peroxidation, which
changes the physicochemical proper-
ties of the membrane lipids so that
they can no longer maintain their bio-
logical functions (Zimmerman, 1978).
This inevitably results in an outflow of

enzymes from hepatocytes with sub-
sequrnt rise in serum SGOT, SGPT,
and alkaline phosphatase activities,
(Mac Sween et al., 1987).

Electron microscope studies had
shown that CCL4 caused serious
structural damage of endoplasmic re-
ticulum and somewhat later of the mit-
ochondria with subsequent impair-
ment of their functions (Judah et al.,
1970). The impairment of functions of
endoplasmic reticulum should lead to
diminution of protein synthesis includ-
ing lipid acceptor proteins with subse-
quent accumulation of lipids in the liv-
er as triglycerides, since these can be
secreted from the liver into the blood
only as lipoproteins (Schriewer et al.,
1973 a and Schriewer & Lohmann,
1976). This could explain the reduc-
tion of serum total cholesterol, trigly-
cerides and the fatty change of hepac-
tocytes demonstrated in the present
study following administration of
CCL4. Mitochondrial injury disturbs
their capacity to conserve energy by
generation of ATP and loss of ion
pumping function of the cell mem-
brane. Therefore, the cell undergoes
progressive swelling which starts in
the early phase of CCL4 injury and lat-
er becomes more manifest when the
cells lose their capacity' to prevent
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passive inward diffusion of sodium
ions and water (Anderson & kissane,
1977), This provides an explanation
for hydropic degeneration with bal-
looned hepatocytes observed in the
present study after CCL4 administra-
tion. Mitochondria also lose other
functions, among which is their capac-
ity to oxidize fatty acids which may be
still another mechanism leading to ac-
cumulation of lipid in hepatocytes and
enhances the development of fatty
changes (Schriewer & Lohmann, 1976
and Anderson & Kissane, 1977). This
could also explain the increase of ser-
um level of free fatty acids reported in
the present study.

The CCL4 degenerative changes
of hepatocytes will result in cell death
(necrosis) which with frequent repeat-
ed administration of CCL4 progresses
to cirrhosis due to long continued loss
of liver cells, accompanied by replace-
ment fibrosis infiitrated by lymphocy-
tes and compansatory liver cell hyper-
plasia with regenerating nodule
formation (Anderson, 1980).

In this study simultaneous silymar-
in administration during the time of in-
duction of CCLy4 liver cirrhosis largely
improved the histopathological chang-
es since induction of cirrhosis was
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prevented in most animals who had
more or less normal livers and in the
few rats who developed cirrhosis the
fibrous tissue around the regenerating
nodules as well as the lymphocytic in-
filtration were much less. At the same
time the degenerative changes were
less obvious and the liver cells necro-
sis was disappered. Moreover, the bi-
ochemical abnormalities were com-
pletely normalised compared to the
cirrhotic control (only CCL4 treatment)
group. These results confirm the earli-
er studies that demonstrated the
prophylactic biochemical effect of sily-
marin in CCL4 induced liver cirrhosis
(Rauen & Schriewer, 1971 & 1973
and Schriewer et al.,, 1973 a, b;.
These findings could be explained by
both lipotropic effect with diminution of
toxic fatty change in the liver and nec-
rotropic effect i. e. it prevents cell nec-
rosis (Schriewer & Lohmann, 1976).
Through these effect silymarin could
prevent CCL, induced degenerative
changes and limit the necrosis of hep-
atocytes and supress the initiation of
the hepatic cirrhosis.

The anti-hepatotoxic activity of sily-
marin against the lesions preduced by
CCL,4 was also evident when the drug
was given after liver cirrhosis had oc-
cured i. e. as therapeutic agent. The
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rise in serum transaminases, alkaline
phosphatase, bilirubin and free fatty
acid and the fall in serum triglycerides
and total cholesterol levels were sig-
nificantly far less in animals treated
with silymarin after CCL4 than in con-
trols given CCL,4 but not treated. Com-
pared with the non cirrhotic animals,
this improvement of the biochemical
change although significant was not
complete. Also, the histopathological
changes were partially corrected in si-
lymarin treated animals in the form of
diminution of the amount of stroma
surrounding the regenerating nodules
and the accompanied lympocytic infil-
tration as compared with cirrhotic con-
trol (Only CCL4 treatment) group.
However, silymarin did not completely
reverse the picture of cirrhosis in-
duced by CCL,4 and the improvement
produced was not as much as that
was observed in animals given sily-
marin prophylactically during CCLy
administration. Alrhough Hoefler et al.
(1987) denied any therapeutic benefit
of silymarin, its potential therapeutic
value had been reported by many au-
thors (Rauen & Schriewer, 1971: Cas-
tigh et al., 1977 and Lapis et al.,
1986).

They reported that silymarin result-
ed in reduction of the amount of col-

lagen measured biochemically in ex-
tracts p‘repare'd from cirrhotic livers. In
the present study based on histopath-
ological assessment we also observed
diminution of the amount of stroma
around the regenerating nodules. In
addition, these authors assumed that,
in cases of toxic liver damage all the
cells of the liver can be classified into
three catigories. Some are still intact,
others are degenerated cells and oth-
ers are necrotic. By it's prophylactic
action, silymarin can protect the intact
cells i. e. prevent initiation of the pro-
cess of the degenerative changes and
hinder the development of liver cirrho-
sis at an early stage. By it's therapeu-
tic action, silymarin can reinvigorate
the degenerated cells i. 6. interrupts
the loss of hepatocytes and retards
the progress of cirrhotic changes. In
the deveiopment of cirrhosis irregular
liver cell hyperplasia and fibrosis inter-
fere with blood flow to such an extent
that, whatever the initial cause of inju-
ry, hepatocyte loss (necrosis) contin-
ues as a result of ischaemia and the
cirrhotic changes beome progressive
and a vicious circle of necrosis (with
subsequent cell hyperplasia and fibro-
sis) ischaemia necrosis set up
(Anderson, 1980). Accordingly, sily-
marin which could reinvigorate the de-
generated cells could prevent further

MANSOURA MEDICAL JOURNAL



20

ischaemic necrosis, interrupts this vi-
cious circle and diminishes the rate of
progression of cirrhotic changes. This
assumption is in agreement with the
results of the present study where sily-
marin normalized the biochemical ab-
normalities and largely corrected the
histopathological changes of CCL4 in-
duced liver cirrhosis when given
prophylactically and produced a partial
but significant improvement when giv-
en therapeutically. This point is worthy
to be considered in clinical use of sily-
marin as early as possible in treat-
ment of any hepatic disease or on ex-
posure of liver to any hepatotoxic
agent.

The basic mechanisms of the hep-
atoprotective lipotropic and necrotrop-
ic effects of silymarin can be attributed
to several factors viz : Silymarin large-
ly restores the normal ultrastructure of
hepatocytes. Electron microscope
studies have shown that silymarin ex-
erts demonstrable preventive and
therapeutic effects on mitochodrial
and endoplasmic reticulum damage
produced by CCL4 (Themann, 1969).
Silymarin direct protective action on
the liver might be achieved by stabili-
zation of intracellular organells and
cell membranes. The integrity of these
cellular membranes maintain the met-
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abolic, detoxicating and synthetic
functions of the cells. (Vogel &
Temme, 1969 and Muriel & Mourelle,
1990 a,b). This could explain, at least
in part, how silymarin improved the bi-
ochemical as well as the histopatho-
logical changes induced by CCL4 in
the present study.

The membrane stabilizing effect of
silymarin can be attributed to reduced
membrane phospholipid turnover and
membrane lipid peroxidation due to
some antioxidant properties of sily-
marin (Mourelle et al., 1988 and Mu-
riel & Mourelle, 1990 a,b). The mem-
brane lipid peroxidation in case ci
CCLg4 toxicity is due to formation oi
highly reactive free radicals e. g.
CCLj, CL and peroxides (Anderson &
Kissane, 1977).

Silymarin by virtue of it's capacity
as a radical acceptor could prophylac-
tically prevent lipid peroxidation and
therapeutically inhibit it (Feher et al.,
1989). Again, this could partly explain
why silymarin has superior efficacy as
a prophylactic than as a therapeutic
agent in treatment of liver damage.

Several studies indicated that sily-
marin could intervene directly in cell
metabolism not only through preserva-
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tion of intracellular organelles but also
acts at a nuclear level,

It stimulated the synthesis of ribo-
somal R. N. A. within the nucleus
(Sonnenbic her et al., 1976).

Finally experimental and clinical
evidences suggested that immunomo-
dulatory activity of silymarin might be
involved in the hepatoprotective action
of the drug and improves the de-
pressed immunoreactiviiy in cirrhosis
i-ang et al., 1988 and Feher et al.,
1989).

It could be concluded that, silymar-
in exerts both prophylactic and thera-
, peutic effects in hepatic disorders.
However, it's prophylactic action is
more superior to it's thera peutic val-
ue. This point could stress the use of
silymarin as early as possible in man-
agement of any liver disease or on ex-
posure of liver to any hepatotoxic
agent.

SUMMARY
‘The present work was conducted
to evaluate the prophylactic and possi-
ble therapeutic effects of silymarin in
experimental liver cirrhosis. 60 albino
rats were included in this study, they
were divided into four equal groups.

The first group was non cirrhotic and
served as control, the other three
groups were rendered cirrhotic by in-
traperitoneal injection of carbon tetra-
chloride every other day for 10 weeks.
The second group was chosen as an
cirrhotic control and received saline,
the third group was given silymarin or-
ally (80 mg/kg/day) throughout the in-
duction of cirrhosis and the fourth
group was given silymarin orally (80
mg/kg/day) for 10 weeks after induc-
tion cirrhosis. For laboratory evalua-
tion of functional state of liver, serum
glutamic oxalacetic transaminase
(SGOT), glutamic Pyruvic transami-
nase (SGPT), Alkaline phosphatase,
bilirubin, free fatty acids, triglycerides
and total cholesterol were estimated.
In addition, histopathological study of
liver was performed.

Simultaneous administration of si-
lymarin with CCL,4 throughout the in-
duction of cirrhosis (Group 1ll) i. e. as
prophylactic agent produced marked
improvement in the histopathological
changes of liver and completely nor-
malized the biochemical abnormalities
of CCL, induced liver cirrhosis. On the
other hand, administration of silymarin
for the same period after cirrhosis
(Group IV) i.e. as a therapeutic agent
produced partial improvement of the
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histopathological changes and signifi-
cant but not complete correction of the
biochemical abnormalities.

The results of the present study in-
dicate that silymarin has both propy-
lactic and therapeutic effects. Howev-

er, it's prophylactic use exerts a more
hepatoprotective effects than it's ther-
apeutic use. This point is worthy to be
considered in the clinical use of sily-
marin as early as possible in the man- -
agement of any hepatic disease or on
exposure of the liver to any injurious
agent.

Table (1) : Prophylactic effect of silymarin on serum biochemical changes in rats with induced liver

cirrhosis.
Saline 0.5mi.L.P Every | CCL4 Every Other Day Siiymarin 80 mg/kgnvday Orally for
Test Other day for 10 weeks I. P. For 10 Weeks 10 week Simuitansously with CCL4
(Group 1) ( Group 1) Admin:strsation (Group Ill)
Mean +S.E. Mean 3+S. E. -] Meanz S. E. P =]
(n=15) (n=15) {n=15)
Serum glutamic pyruvic 4204 3.48 7604+ 456 <0.001 | 46832151 N.S. | <0001
transaminase (1. U./ ml).
Serum glutamic oxalacetic 680.4 £ 3.51 101.66 £+ 2.81 |<0.001 5060+1.3 N.S. | <0001
transaminase (1. U./ ml).
Serum alkaline phosph. 40.16 1.8 58.16 188 |<0.001 4480+042 N.S. | <0.001
(Lu./L)
Serum Bilirubin 0.176 +£0.008 066 +0.04 <0001 | 0.295:002 N.S. | <0.001
(mg/100mi.)
Serum total cholesterol. 1123 223 73412 < 0.001 11.722.1 N.S < 0.001
{mg/100mi.)
Serum Trigiycerides. 93.3+£1.33 75314 <0001 | B9.66+1.47 N.S. | <005
(mg/100ml.)
Serum free fatty acids. 766+ 06 15.16 206 <0001 | 6.6+0.38 N.S. | <0.001
(mg/100ml.
S. E. = Standard error of the mean. N.S.=P>005 n = Number of animals.

P = Significance of the difference between the means of the test group and control group.
P = Significance of the difference between the means of the test group and CCL 4 reated group.

Phosph. = Phosphatase.
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Table (2) : Therapeutic effect of silymarin on serum Eioéhamicaf changes in rats with induced liver

cirrhosis.
Saline 0.5mi.|.P Every CCLy Every Other Day |. Silymarin 80 mg/kgm/day Orally for
Test Other day for 10 weeks P. For 10 Weeks 10 waeks after CCLy
(Group i) { Group i1} Adnministrsation (Group V)
Mean +S. E. Mean +S.E. P Mean: S E. p pi
(n= 15) {n=15) (n=15)

Serum glutamic pyruvic 42.00 £3.48 76.01+ 456 <0.001 533+232 <005 | <0.001
transaminase (1. U./ mi).
Serum glutamic oxalacetic 60.40 1+ 351 101.66+ 281 |.0.001 8283149 <0.01 <0.01
transaminase (I. U, / mi),
Serum alkaline phosph. 4016 +1.8 58162188 0001 | 4554166 <005 | <o0.001
(Lu./L)
Serum Bilirubin 0.176 +0.008 0.66 + 0.04 < 0.001 0.44: 0,038 <0.001 | <0.001
(mg/100mi)
Serum total cholesteroi. 1123 223 734+1.2 <0.001 108.311.8 N.S. <0.001
{mg/100ml.)
Serum Triglycerides. 93.3+1.33 753114 < 0.001 984+ 12 N.S. <0.001
{mg/100ml.)
Serum free fatty acids. 766+06 15.16 0.6 < 0.001 10£0.57 <005 | <0.001
(mg/100mi,)
S. E. = Standard error of the mean, N.S.=P>0.05 n = Number animals.

P =Significance of the difference between the means of the test group and control group |.
P! = Significance of the difference between the means of the testgroup and CCL 4 treated group.

Phosph. = Phosphatase,
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Fig. 1 : Section In liver of control rat Fig. 3 : Section In liver of rat given
showing normal architecture CClL4(cirrhotic control) show-
(Hx. & E. x 150). ing developing cirrhosis.
Curving septa extending
from portal tracts between
groups of liver cells (Hx. & E.

Section in liver of rat given
.CCL4 only (cirrhotic control)
showing liver cirrhosis. The
lobular architecture is lost
and replaced by variable Fig. 4 : Section in liver of rat given

sized liver cells nodules sur- CCL4 (cirrhotic control)
rounded by fibrous tissue showing massive necrosis
stroma heavily infiltrated by involving almost all liver cells
lymphocytes. The hepatocy- in a lobule with only a few
tes showed marked hydropic surviving periportal hepatoc-
degeneration with ballooning ytes (Hx. & E. X 150).

and subsequent cell death

(Hx. & E. X 200).
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Fig. 5 : Section in liver of rat given FIg. 7 : Section In liver of rat given si-

concurrent CCL4 and silv- lymarin after induction of liv-
marin showing preservation er cirrhosis showing slight
of more or less normal archi- decrease of both fibrous tis-
tecture (Hx. & E. X 150). sus stroma and l[):_.rmphccytic
infiltration (Hx. & E. X 150).

Fig. 8 : Section in liver of rat given
concurrent CCL4 and sily-
marin and who developed
cirrhosis showing marked
decrease in the amount of fi-
brous tissue stroma around
the liver cells nodules as well
as lymphocytic infiltration
(Hx. & E. X 150).
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