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ABSTRACT

Hepatotoxicity is an injury to liver that is associated with impaired liver function caused by exposure
to a drug or another non-infectious agent. latrogenic hepatotoxicity and their end stage liver cirrhosis
are in the sphere of interest of scientists and clinicians. Long term use, especially in high dose, of tetracy-
cline antibiotic may cause adipose liver dystrophy with accumulation of reactive oxygen species and lipid
peroxidation due to mainly mitochondrial dysfunctions. Continuous efforts were done to understand the
role of oxidative stress in the pathophysiology of these inflammatory liver diseases. The well decumented
scavenging activity (an antioxidant effect) of herbal agents namely; Silymarin, Liv-52 and Diphenyl
Dimethyl Bicarboxylate (DDB) may explain the protection afforded by these substances against hepato-
toxic agents. The efficacy and the mechanism of these hepatoprotective agents were judged in this study.
Oral administration of tetracycline (500 mg/kg orally) for 5 days in rats produced significant increase in
both serum alanine aminotransferase (ALT) and aspartate aminotransferase (AST) levels as a markers of
liver parenchymal toxicity and produced significant increase of liver malondialdhyde (MDA) level and
significant depletion of both superoxide dismutase (SOD) activity and glutathione (GSH) concentration in
liver homogenate compared with normal rats. Histopathologically, tetracycline treatment in the above
regimen produced a picture of microvesicular steatosis. Co-administration of tetracycline with either sily-
marin, Liv-52 or DDB orally for S days produced significant decrease in serum ALT and AST and pro-
duced significant decrease in MDA and significant increase in both SOD activity and GSH content of liv-
er homogenate compared with tetracycline alone treated group. These herbal agents produced variable

degrees of improvement in histopathological changes induced by tetracycline treatment.

INTRODUCTION ever, hepatic injury is not an infrequent

occurrence (Thiim and Friedman, 2003).

Liver is an important target of drugs Long-term use of tetracycline artibio-
toxicity, xenobiotics and oxidative stress tics, especially high doses, may be asso-
(Jaeschke et -al.,, 2002). With the wide- ciated with severe hepatotoxicity in
“spread use of antimicrobial agents, how- form of fatty liver in both rats (Mikhail et
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al,, 19@6) and human (Hunt and Washing-
ton, 1994).

There are many direct and indirect
mechanisms of drug-induced liver cell in-
jury. For which, bile acid-induced liver
cell injury during cholestasis, pathophy-
siological effects of mitochordrial dysfunc-
tion and cell damage by intracellular gen-
eration of reactive oxygen species (ROS)
and nitrogen species by mitochondria.
ROS are able to modulate apoptotic and
necrotic cell death pathways by affecting
redox-sensitive enzymes and organelles
e.g. mitochondria (Jaeschke, 2000). Mito-
chondria are prominent targets for hepato-
toxicity of many drugs (Jaeschke et al.,
2002). Lipid peroxidation (LPO) is the re-
sult of an interaction between free radicals
of diverse origin and unsaturated fatty ac-
ids in lipid (Poli et al., 1998). Severe im-
pairment of mitochondrial fatty acid -
oxidation causes microvesicular steatosis
characterized by accumulation of tiny lip-
id vesicles in the cytoplasm of hepatocytes
(Fromenty and Pessayre, 1995). Several
drugs inhibit f-oxidation, including tetra-
cycline derivatives (Labbe‘et al., 1991).

Experimental and clinical studies sug-
gest . that xenobiotic hepatotoxicity with
variable depletion of antioxidants can be
avoided or ameliorated by administration
of some antioxidants (Stehbens, 2003). Si-
lymarin is a flavonoid that has been ex-
tracted from seeds and fruit of Silybum
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marianum and was. introduced as hepa-
toprotective agent (Fraschini et al., 2002).
Liv-52 is an indogenous drug and is re-
ported to improve the hepatic cell func-
tion, acts as hepatic stimulant, anabolic
and as a corrective and curative in many
hepatic disorders including cirrhotic and

* toxic liver (Bharadia et al., 1986). Previous

studies revealed that Diphenyl Dimethyl
Bicarboxylate  (DDB)
against liver injuries induced by hepato-
toxicants e.g. carbon tetrachloride (CCl4),
D-galactosamine, acetaminophen in rats
and mice (Kim et al., 1999) and clinical
trials on chronic viral hepatits patients
demonstrated that DDB markedly im-
proved the impaired liver function (Zhang
et al., 1987).

could protect

The aim of this study was to find out
the possible prevention or improvement
of tetracycline hepatoxicity by some hepa-
toprotective herbal agents namely, Sily-
marin, Liv 52 and DDB. Also, the oxida-
tive stress parameters Weré measured to
clarify their mechanisms of action.

MATERIAL AND METHODS

Drugs used :

1. Tetracycline Hydrochloride: it was
purchased from Sied Pharmaceutical
Co., Egypt.

2. Silymarin: it is a flavonoids com-
pound. It is mixture of three structu-
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ral components; silibinin, silydianine
and silychristine. Silymarin was pur-
chased from Sedico Pharmaceutical
Co., Egypt.

3. Liv 52 (India): Each Liv-52 tablet con-
tains: Exts. Capparis spinosa, cichori-
um intybus, solanum nigrum, cassia
occidentalis, Terminalia  arjuna,

Achillea milefolium, Tamarix gallica

and Mandur bhasma. It was obtained

from Himalaya drug Company.

4. DDB: It is Diphenyl Dimethyl Bicar-
boxylate (dimethyl-4,4'-dimethoxy-
5,6,5',6'-dimethyllene dioxybiphenyl-
2,2'-dicarboxylate). It is a synthesized
derivative of schizandrin C, an active
component isolated from the tradi-
tional Chinese herb fractuse schi-
zaandrea. It was obtained from Pe-

king Pharmaceutical Factory (Beijing,
China).

Animals used:

Experiments were carried out on 50
male Albino rats, weighted 150-200 gm
each. The animals were housed in plastic
cages at room temperature. They were al-
lowed free access to tap water and were
fed stock pallets ad libitum.

The study duration was 5 days and rats
were classified into equal 5 groups (10
rats each) as follows:

Group I: Each rat in this group re-
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ceived orally 0.5 ml of vehicle daily. This
group was served as negative control

group.

Group II: Each rat in this group re-
ceived orally tetracycline hydrochloride in
a dose of 500 mg/kg daily (Porokhniak,
1987). This group. served as positive con-
trol group.

Group III: Each rat in this group re-
ceived Silymarin orally in the dose of 50
mg/kg daily (Boigk et al., 1997), six hours
after tetracycline administration.

Group IV: Each rat in this group re-
ceived Liv-52 orally in dose of 50 mg/kg
daily (Patney et al., 1973), six hours after
tetracycline administration.

Group V: Each rat in this group re-
ceived DDB orally in dose of 50 mg/kg
daily (Kim et al., 1999), six hours after tet-
racycline administration.

All drugs and vehicle were suspended
in 1% starch gel and given by oral gavage
at volume of 0.5 ml for each rat. Hepatop-
rotective drugs were given six hours after
tetracycline administration to avoid drug-
drug interactions. On the 6th day at the
end of the study food was withdrawn
overnight after the last dose of drugs treat-
ment, then rats of all groups were sacri-
ficed and blood was collected from carotid
arteries of rats. The sera were separated
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and kept in -20°C till the time of estima-
tion of serum alanine aminotransferase
(ALT), serum aspartate aminotransferase
(AST)as markers of parenchymal cell dam-
age. After rats scarification the livers were
excised gently and quickly and divided
into two parts. One part of each liver was
preserved in 10% neutral buffered formal-
in for subsequent histopathological exami-
nation. The other part of each liver was
used for estimation of tissue free radical in
liver homogenate. Measurement of liver
free radical was done via direct method by
measuring malondialdehyde (MDA) or by
indirect method via measuring the antioxi-
dant enzymes; glutathione (GSH) level
and superoxide dismutase (SOD) activity.

Determination of serum alanine and
aspartate aminotransferase (ALT and
AST):

Serum ALT and AST were determined
according to method described by Berg-
meyer and Horder (1980) using the com-
mercial spectrophotometric kits purchased
from BioMeérieus, France.

Preparation of liver homogenate:

- 0.5 gm of the 2nd part of liver tissue
was homogenized with Tris-HCl (5
mmol/L containing 2 mmol/L EDTA
PH 7.4) by sonication using soniprep
150 ultrasonic disintegrator at high
power for 5 min. in ice jacket to obtain
cell homogenate (Stacey and Klaas-
sen, 1981).
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- Homogenate were centrifuged at 1000
x g for 10 min. at 4°C. Supernatant
were used for the assay of GSH, MDA
and SOD after calculation of the exact
wet weight per mol (Wang et al,
2005).

Measurement  of  Malondialdehyde
(MDA) in liver homogenate (TBA test) :

The Thiobarbituric acid test (TBA) is
probably the most widely used single as-
say for the measurement of lipid peroxida-
tion. MDA concentration (nm/mg wet
weight) was measured according to meth-
od described by Draper and Hadley(1990).

Measurement of GSH level and SOD
activity in liver homogenate:

GSH concentration. (nM/mg  wet
weight) was determined according to
method described by Beulter et al. (1963).
SOD activity was measured according to
method described by Nishikimi et al.
(1972) which based on % of inhibition us-
ing the ability of the enzyme to inhibit
phenazine methosulphate-mediated re-
duction of nitroblue tetrazolium dye.

Histopathological exammination:

The fixed liver in 10% neutral buffered
formalin was embedded in paraffin wax; 5
um section were cut and stained with hae-
matoxylin and Eosin (HX & E ) using con-
ventional method. Liver section was ex-
amined for signs of hepatotoxicity
induced by tetracycline and for signs of
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improvement by treatment with Sylimar-
in, Liv 52 or DDB concomitantly with tet-
racycline treatment.

RESULTS

Biochemical effects of Silymarin, Liv-
52 or DDB treatment on tetracycline in-
duced liver injury :

As shown in table (1) oral administra-
tion of tetracycline at a dose 500 mg /kg
orally for 5 days in rats produced signifi-
cant (P <0.001) increase in both serum
ALT and AST (223 + 2.1 and 452 + 3.8
IU/L, respectively) compared with nor-
mal rats (11.3 + 1.01 and 31.3 + 2.2; respec-
tively).

Coadministration of tetracycline in
same dose regimen with either Silymarin
(50 mg/kg/day) or Liv-52 (25 mg/kg/
day) or DDB (50 mg/kg/day) orally for 5
days produced significant (P<0.01) de-
crease in serum ALT and AST (15.1 + 1.4
and 38.1 + 1.7 or 14.2 + 1.2 and 36.2 or 13.8
+ 1.3 and 35.5 + 2.8, respectively) com-
pared with rats received tetracycline alone
for 5 days.

As shown in table (2) oral administra-
tion of tetracycline in above mentioned
dose and duration to rats produced signif-
icant increase of liver MDA (P<0.018) (5.6
+ 0.37 uM/mg wet weight) and significant
depletion of both SOD activity (P<0.001)
and GSH concentration (P< 0.05) (25.43 +
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0.83 and 45.25 * 1.72, respectively) in liver
homogenate compared with normal rats
(4.33 +£ 0.33, 69.75 + 0.83 and 59.42 + 1.14,
respectively). '

Coadministration of  tetracycline oral-
ly with either *Silymarin or Liv-52 or
DDB orally in above mentioned regi-
men to rats produced significant restore
(P<0.001) of liver SOD activity (53.38
+1.98 or 58.01 + 1.18 or 56.72 + 2.3, re-
spectively) and significant increase
(P<0.006 - 0.001) for liver GSH concentra-
tion (53.39 + 2.03 or 54.18 + 0.83 or 59.46 +
1.03, respectively) and produced signifi-
cant decrease (P<0.025 - 0.002) of MDA
level (4.51 + 0.26 or 4.09 + 0.17 or 44 +
0.25, respectively) in liver homogenate
compared with tetracycline alone treated
group (Table 2).

Histopathological changes of Silymar-
in, Liv-52 or DDB treatment on Tetracy-
cline induced liver injury:

Histopathological examination of liver
lobules and portal tract in rats which re-
ceived tetracycline alone (500 mg/kg/day
for 5 days) showed degeneration of pe-
ripheral hepatocytes in form of marked
vacuolization with scattered signet ring
cells (picture of microvesicular and macro-
vesicular steatosis) (Fig. 2) and showed fo-
cal necrosis of intralobular hepatocytes,
the site of which is indicated by accumula-
tion of inflammatory cells (Fig. 3). Portal
tract showed severe to moderate mono-
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nuclear cells infilteration with spillover
hepatic parenchyma (Fig. 4) .

Administration of Silymarin for 5 days
concomitantly with tetracycline orally in
the above regimen produced variable de-
grees of improvement in histological
changes induced by tetracycline, in the
form of focal necrosis of hepatocytes, mild
degree of degeneration in form of hydro-
bic degeneration and mild portal inflam-
mation (Fig. 5). There was a picture of nor-
mal liver cells in about 30% of these
treated rats.

This improvement was markedly seen
in the groups that received Liv-52 orally
for 5 days together with tetracycline com-
pared with histopathological changes in
tetracycline alone treated group. There
were milder lesions in form of focal de-
generative changes with mild portal in-
flammation in 60% of rats in this treated

group (Fig. 6).

While co-administration of DDB with
tetracycline orally for 5 days produced
complete improvement in histological
changes induced by tetracycline alone ad-
ministration, so the histological picture of
these rat livers was near normal histologi-
cal appearance in about 50% of treated
rats (Fig. 7) with focal microvesicular stea-
tosis and mild to moderate portal tract in-
flammation in the other 50% of treated
rats.
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DISCUSSION

The xenobiotic hepatotoxicity ranging
from a subclinical anicteric state to severe
necroinflammatory hepatitis and cirrhosis
depends on the nature, dosage and dura-
tion of exposure to the xenobiotic and the
available antioxidant defence in the liver.
Hepatic metabolisms of biological toxins,
industrial poisons and medicinal agents
involves disturbed hepatic cell biochemis-
try with augmented generation of reactive
oxygen species and free radicals and re-
dox imbalance with secondary change to
proteins, nucleic acids, lipids and carbohy-
drates (Stehbens, 2003).

In the present study, some herbal hepa-
toprotective agents namely; Silymarin,
Liv-52 and DDB were used to assess their
potential protective effect against tetracy-
cline hepatotoxicity.

In this study administration of tetracy-
cline for 5 days caused disorder of the liv-
er functions as evidenced by significant in-
creasing activity of serum ALT and AST.
Elevations in serum enzyme levels (ALT
and AST) were taken as indicators of liver
injury which is due to pronounced dys-
trophic changes of hepatocytes, followed
by membranes injury that results in in-
crease of cell enzymes discharge (Bjorns-
son and Olsson, 2005). Moreover, MDA
level was increased significantly in liver
homogenate manifesting an increase of
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primary and secondary products of lipop-
eroxidation (LPO) in homogenates of the
liver. Meanwhile, tetracycline produced
significant reduction of SOD activity and
GSH levels in liver homogenates that re-
flect the level of natural interior free radi-
cal scavengers, which are known to serve
as antioxidative enzymes in cells (Pessaye
et al., 2001).

These results were consistent with re-
sults of previous studies. Shakaun and Vi-
sotski (1984) and Shakaun et al., (1985) re-
ported that toxic doses of tetracycline
produced activation of LPO and malondi-
aldehyde in the liver homogenate and ele-
vation of alanine and aspartate amino-
transferase enzymes in the blood of albino
rats. Moreover, Porokhniak (1987), men-
tioned that tetracycline caused disorder of
liver functions evident from elevation of
transaminases in the rat blood serum. Fur-
thermore, in human study, Hunt and
Washington (1994), found that tetracycline
induced hepatitis, characterized by pro-
longed jaundice, severe pruritis and mod-
erate increased transaminase values in fe-
male patients. Recently, Kaplowitz (2004)
stated that hepatic injury induced by high
dose of tetracycline was associated with
moderate elevation of the ALT and AST
levels. ’

As regard the histopathological changes
induced by tetracycline in this study there

was picture of microvascular steatosis.
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This data was consistent with the previous
studies. Long term chemotherapy with
high doses of tetracycline may cause adi-
pose liver dystrophy. Accumulation of ad-
ipose in the liver, induced by tetracycline,
is the result of oxidation of cell membrane
phospholipids which causes the accumu-
lation of toxic hydroperoxides and other
products of LPO in the liver (Shakaun and
Visotski, 1984; Porokhniak, 1987; Silva and
Rocha, 1995).

Furthermore, Maddrey (2005), reported
that tetracycline is one of the drugs which
is responsible for microvesicular steatosis
in liver with the presence of small fatty
vesicles filling the cytoplasm of the hepat-
ocyte (foamy hepatocyte). This lesion may
be attributed to interference with f-
oxidation of fatty acid by mitochondria.
Moreover, Machado et al., (2003) showed
intense diffuse vacuolization with many
small, medium and large vacuoles in hep-
atocytes and dilated sinusoids, foci of ne-
crosis and foci of inflammation after tetra-
cycline treatment. Recently, Kaplowitz
(2004), in human study, said that high
dose of tetracycline showed microvesicu-
lar steatosis on liver biopsy.

In this study administration of either Si-
lymarin, Liv-52 or DDB with tetracycline
produced significant lowering of ALT and
AST levels and MDA level, while it pro-
duced significant restore or increase of
hepatic GSH level and SOD activity
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compared with that in the group received -

tetracycline only.

The hepatoprotective effect of the above
mentioned herbal drugs in the present
study was consistent with several experi-
mental and clinical studies, which demon-
strate well-pronounced hepatoprotective
effects against a wide variety of hepatotox-
ins (Halim et al., 1997). Mechanistic stud-
ies in rodents and in cell culture have
shown that Silymrin is a strong antioxi-
dant capable of scavenging free radicals
(Basaga et al., 1997) which may be due to

its silybin's chemical structure (Medina

and Moreno-Otero, 2005). It has been
shown in rats that silibinin protects neona-
tal hepatocytes from cell damage pro-
duced by many hepatotoxins which devel-
op oxidative stress (Campos et al., 1989;
Davila et al., 1989). The oxidative stress is
associated with a reduction in the amount
of reduced glutathione (GSH) in the liver;
which exerts important protective activity
against chemically induced oxidative
stress (Valenzuela et al.,, 1985). In rats
treated with Silymarin, a significant in-
crease in the amount the GSH contained in
the liver was found (Valenzuela et al.,
1989). Furthermore, it has been shown that
Silymarin protects rat liver mitochondria
and microsomes in vitro against the for-
mation of lipid peroxides induced by vari-
ous agents (Bindoli et al., 1977).

Also Silymarin acts as cell membrane
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stabilizers and permeability regulators
that prevent hepatotoxic agents from en-
tering hepatocytes (Fraschini et al., 2002).
The protective effect of Silymarin is medi-
ated by the inhibition of lipid peroxidation
and the modulation of heptocyte Ca2* con-
tent seems to play a crucial role. The stim-
ulation of protein synthesis is an impor-
tant step in the repair of hepatic injury
and is essential for restoring structural
protein and enzymes damaged by hepato-
toxins (Farghali et al., 2000).

Patney et al., (1973) found that rats re-
ceiving Liv-52 was protected against tetra-
cycline induced fatty degeneration. Liv-52
is reported to improve the hepatic cell
functions, act as a hepatic stimulant, ana-
bolic and as a corrective and curative in
many hepatic disorders (Bharadia et al.,
1986). Porokhniak (1987) reported that
Liv-52 removed cytolytic effect of tetracy-
cline on the liver cell membranes by de-
creasing the ALT and AST levels'and de-
creasing product  of
tetracycline-namely; MDA and increasing
free radicals scavengers GSH ' and SOD
which was decreased by tetracycline toxi-
cation. Moreover, Dhumal et al., (1989) re-
ported: that oral administration of Liv-52
to experimental animals provided consid-
erable protection against liver damage by
CCly. Furthermore, De Silva et al., (2003)
said that Liv-52 showed an antioxidant ef-
fect in CCl, induced liver damage by in-
creasing free radical scavengers (GSH and

perioxidation
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SOD) and decreasing MDA level. This an-
tioxidant activity may be initiated from
Liv-52 herbal ingredient of natural com-
plexes, so the mechanism seems to be sim-

ilar to that of silymarin (Huseini et al.,
2005).

The protective effect of DDB on chemi-
cally induced damages was studied in pri-
mary culture of rat hepatocytes (Fu and
Liu, 1992). They showed that DDB effi-
ciently protected the hepatocytes against
CCl, and D-galactosamine induced dam-
ages. Membrane lipid peroxidation
(MDA) formation and ALT released from
the hepatocytes were markedly decreased.

DDB administration decreased the he-
patic fatty degeneration induced by re-
peated ethanol treatment in rats and inhib-
ited MDA formation in liver homogenates
(Kim et al., 1999). In addition Li and Li
(2001), reported that the elevation of ser-
um ALT, liver MDA content and mito-
chondria potential injury induced by THA
(Tetrahydroacridine) were significantly in-
hibited by DDB pretreatment. Further-
more, Park et al., (2005) reported that DDB
pretreatment effectively prevented in-
creases in plasma aminotransferases in
rats exposed to CCl4 and histologically it
abrogated the central necrosis, hepatocyte
degeneration and inflammation induced
by CCl4. This protective effect of DDB
may attribute its effect against mitochon-
dria.
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EL-Sawy et al., (2002) found that in
chemically injured rat livers there were a
significant decrease in the elevated levels
of liver enzymes and significant increase
in reduced glutathione, glutathione perox-
idase and glutathione reductase and a sig-
nificant decrease in MDA level after DDB
administration. The histopathology exami-
nation showed improvement with DDB
administration.

In liver injury model with oxidative
stress in rats, the oral administration
of DDB resulted in alleviation of the
oxidative stress status as observed by
significant increments in the antioxidant
enzymes (glutathione-S-transferase, glu-
tathione peroxidase and catalase) and
reduced glutathione concomitant with
significant decrements in liver transa-
minases; ALT and AST levels. (EL-
Beshbishy, 2005).

Moreover, Ip et al., (2000) and Gao et
al., (2005) reported that oral administra-
tion of DDB in mice markedly reduced the
elevated serum ALT, AST and directly
protected hepatocyte DNA from oxidative
damage.

In clinical study, Hurber et al., (2004)
reported about 13 patients with persistent-
ly elevated ALT levels and treated with
DDB, ALT rapidly normalized in 12/13
patients and remained normal during
treatment.
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In conclusion, the herbal drugs used in
this study exerted a variable degrees of

hepatoprotection ~against the potential

hepatic injury induced by tetracycline
antibiotic through amelioration of eleva-
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tion of liver cellular enzymes (ALT and
AST) and free radicals of lipid peroxida-
tion (MDA) and via elevation of endoge-
nous antioxidative liver enzymes (SOD
and GSH) .
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Table (1): Serum Alanine Aminotransferase (ALT) and Serum Aspartate

Aminotransferase (AST) after administration of Silymarin, Liv-52

or DDB with or without Tetracycline in Albino rats.

Groups (n=10) ALT (IU/L) AST (IU/L)
M+ SE M + SE
Negative control 11.3+1.01 313 £2.2
Tetracycline alone 223 +2.1 452 +3.8
P <0.001 P<0.001
Tetracycline + Silymarin ® 151 £1.4 38.1 £1.7
P; <0.01 P; <0.01
Tetracycline + Liv-52 © 142 +1.2 36.2 £2.3
P <0.01 P, <0.01
Tetracycline + DDB @ 13.8 +1.3 35528
P; <0.01 P, <0.01

(a) Tetracycline dose : 500 mg/kg/day
(b) Silymarin dose :50 mg/kg/day

(¢) Liv-52dose : 25 mg/kg/day

(d) DDB dose : 50 mg/kg/day

M + SE = Mean = Standard Error

P = Significance of difference between tetracycline alone treated group and normal

control groups.

P, = Significance of difference between Silymarin, Liv-52 or DDB with tetracycline

treated group and tetracycline alone treated group.
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Table (2) : Serum Malondialdehyde (MDA), Superoxide Desmutase (SOD) and

Serum Glutathione (GSH) after administration of Silymarin, Liv-52

or DDB with or without Tetracycline in Albino rats.

MDA SOD GSH
Groups (n=10) (nM/mg wet % inhibition (nM/mg wet
weight) weight)
Negative control 4.331+0.333 69.75 +0.836 59.42 £ 1.14
Tetracycline alone © 5.6 +0.37 25.43 +0.83 4525 £ 1.72
P<0.018 P<0.001 P<0.05
Tetracycline + Silymarin © 4.51 £0.26 53.38 £1.98 53.39 +£2.03
P, <0.025 P, <0.001 P, <0.006
Tetracycline + Liv-52 ® 4.09 +£0.17 58.01 +1.18 54.18 +0.83
P, <0.002 P, <0.001 P, <0.001
Tetracycline + DDB ™ 44 +0.25 56.72 £23 59.46 £1.03
P; <0.014 P, <0.001 P, <0.001

(e) Tetracycline dose : 500 mg/kg/day
) Silymarin dose : 50 mg/kg/day

(g) Liv-52 dose : 25 mg/kg/day

(h) DDB dose : 50 mg/kg/day

M * SE = Mean = Standard Error

P = Significance of difference between tetracycline alone treated group and normal

control groups .

P, = Significance of difference between Silymarin, Liv-52 or DDB with tetracycline
treated group and tetracycline alone treated group.
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Fig. (1) : Normal rat liver shbwing normal liver architectures. (HX&E x 100)

macrovesicular steatosis.

Fig. (2) : Rat liver treated with tetracycline alone showmg marked micro- and

Mansoum‘ J. Forensic Med. Clin. Toxicol
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Fig. (3) : Rat liver treated with tetracycline alone showing focal necrosis
of intralobular hepatocytes. (HX&E x 150) *

S

Fig. (4) : Rat liver treated with tetracycline alone showing severe to mod-
erate mononuclear infiltration in portal tract. ~(HX&E x 100)
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Fig. (5) : Rat liver treated with tetracycline concomitantly with Silymarin
showing mild improvement of steatosis induced by tetracy-
cline. (HX&E x 150)

Fig. (6) : Rat liver treated with tetracycline concomitantly with Liv-52
showing more improvement of steatosis with mild portal in-
flammation in about 60% of treated rats. (HX&E x 100)
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Fig. (7) : Rat liver treated with tetracycline concomitantly with DDB
showing picture of normal liver (complete improvement in
50% of treated rats in this group). (HX&E x 160)
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