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Abstract

The aim of this study was to investigate the hepatoprotective effect of Allium paniculatum L. (A. paniculatum) and Capparis spinosa L. (C.
spinosa) extracts in rats. Adult rats were divided into seven groups (n=6). The 1* (control) and 2™ (hepatotoxic) groups received the vehicle. The 3"
group received silymarin. The 4" - 7" groups received A. paniculatum and C. spinosa extracts at 2 dose levels (200 and 400mg/kg, respectively). Rats
were administered the vehicle, silymarin or extracts orally for 21 days and simultaneously administered thioacetamide (TAA), one h after the
respective assigned treatments(except the 1" group), every 72 h. At the end of the experimental period, all animals were sacrificed, blood samples were
collected and serum was separated. Livers were dissected out for determination of their antioxidant status and for histopathological examination.

Injection of thioacetamide elevated serum activities of liver enzymes; alanine aminotransferase (ALT), aspartate aminotransferase (AST),
alkaline phosphatase (ALP) and y-glutamyltransferase (y-GT) in hepatotoxic group compared to normal controls. In the liver, significantly elevated
level of malondialdehyde (MDA), lowered levels of reduced glutathione (GSH), catalase (CAT), glutathione peroxidase (GPx) and superoxide
dismutase (SOD) were observed in hepatotoxic group. Treatment of rats with both extracts displayed hepatoprotective effect as evident by reduced
serum activities of liver enzymes, as well as higher CAT, GPx, SOD activities and GSH concentration. The histopathological analysis suggested that
both extracts obviously alleviated the degree of liver damage induced by TAA. In conclusion, 4. paniculatumand C. spinosa attenuate hepatotoxicity

induced by TAA.
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INTRODUCTION

iver ailments have become one of the major causes of

morbidity and mortality in various parts of the world.
Among them, drug induced liver damage is one of the most
common causative factor that forms a major clinical challenge’.
Inflammation and jaundice are two major hepatic disorders that
account for the high death rate . In recent days, the use of herbal
natural products has enhanced world-wide attentions. Many
herbal supplements are claimed to assist in healthy lifestyle.
Medicinally, herbal drugs have made a significant contribution to
the treatment of hepatotoxicity ™.

Allium 1is the largest and the most important representative
genus of the Alliaceae family, comprising some 750 species .
The genus is naturally distributed only in the Northern
Hemisphere, mainly in regions that are seasonally dry. For many
centuries, several A/lium species have been used as vegetables
and spices, and as folk medicines for curing various diseases. A.
sativum like other medicinal plants has potential medicinal values
which include antibacterial, antifungal, antixodiant and cytotoxic
activities . The main constituents of Allium have been
demonstrated by Benkeblia and Lanzotti to be thiosulfinates and
organosulfur derivatives, steroidal saponins and terpenes.Studies
have also revealed the health benefits of saponins, present in

Allium genus, as lowering the cholesterol levels .

C. spinosa L. (Caper) belonging to the family Capparidaceae
is one of the most common aromatic plants growing in wild in the
dry regions around the west or central Asia and the Mediterranean
basin ™. From ancient times, the floral buttons of the caper were
employed as a flavouring in cooking and are also used in
traditional medicine for their diuretic, antihypertensive, poultice
and tonic properties . The plantwas reported to have a number of
potentially useful medicinal attributes including anti-oxidative """
and anti-inflammatory "". The antioxidant principles in C.
spinosa plant have been identified to be flavanols and
hydroxycinnamic acid"”.

The aqueous extract of C. spinosa demonstrated
hypolipidaemic"” and antihyperglycemic” activities. Other
activities comprised antiviral, immunomodulatory'’’,

antiallergic"®, and antimicrobial " activities.

TAA (CH3-C(S)NH2) is a hepatotoxin that is widely used as a
model to induce acute and chronic liver damage in rats .
Metabolic activation of TAA to a toxic metabolite which is
responsible for its hepatotoxicity and/or its carcinogenicity has
been proposed by a number of investigators "”. Against this
background, the present study was undertaken to assess the effect
of ethanolic extracts of A. paniculatum and C. spinosa in a rat
model of hepatic damage caused by TAA.
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MATERIALAND METHODS
Animal model

Adult male Wistar rats (180-200 g) were obtained from
Animal House of the National Research Centre, Cairo, Egypt. All
animals were kept under uniform and controlled conditions of
temperature and light/dark (12/12 h) cycles, fed with standard
rodent diet and given fresh purified potable water ad libitum.
Commercially obtained sawdust was used as bedding material.
The cages were washed once a week. The animals were allowed to
acclimatize to the laboratory condition for one week before
commencement of the experiment.Animal procedures were
performed in accordance with the Ethics Committee of the
National Research Centre and followed the recommendations of
the National Institutes of Health Guide for Care and Use of
Laboratory Animals (publication no. 85-23, revised 1985).

Plant material

Fresh flowering aerial parts of A. paniculatum and C. spinosa
were collected from the A4 Ankara: Kizilcahamam, Celtik¢i way
and B1 Izmir: Surrounding Urla, respectively during summer,
2012. Taxonomic identifidcation was determind by Prof. Dr.
Galip Akaydin and a voucher specimen from each plant (Akaydin
13484& Akaydin 5720, respectively) were deposited at the
Herbarium of Faculty of Education (HEF), Hacettepe University,
Ankara, Turkey.

Acute oral toxicity testin rats

Acute oral toxicity study was performed in rats according to
OECD-423 guidelines *”. Two groups of rats (n=6) were fasted
overnight then treated orally with 4. paniculatum and C. spinosa
extracts, respectively at a dose of 2000 mg/kg. Another control
group received the vehicle (3% v/v Tween 80 in distilled water)
and kept under the same conditions. Each animal was observed
for clinical signs of toxicity and/or mortalities for every 15 min in
the first 4 h after dosing, then every 30 min for the successive 6 h
and then daily for the successive 48 h. Since, there was no
mortality at this level; the dose of both extracts was increased to
4000 mg/kg and animals were observed for another 48 h.

Justification for dose selection

A. paniculatum and C. spinosa extracts were nontoxic at the
dose of 4000 mg/ kg so, 1/20" and 1/10" of this dose (200 and 400
mg/kg, respectively) were selected for the study.

Preparation of plant extract

The collected plants were shade dried and then grinded to fine
powders. the dried powders of each plant (100g) were extracted
by percolation in 70% aqueous ethanol with occasional shaking
for 48 h. Percolation was repeated three times, and then the
ethanolic extracts of each plant were combined, filtered and
concentrated to dryness under reduced pressure at 60 = 1°C in
rotary evaporator to give the total extracts of A. paniculatum
(29.4g) and C. spinosa (23.5g). Both extracts were stored in the
refrigerator and aliquot of the concentrations were prepared
immediately before use.

Experimental Protocols

Forty two adult male Wistar albino rats were randomly
divided into seven groups of six animals, each. Rats of the 1"
group (normal control) were received the vehicle (3% Tween 80)
orally through an intragastric tube at a dose of 1mL/kg for 3 weeks
and injected subcutaneously (sc) with sterile distilled water

(2mL/kg) thrice weekly for 3 weeks. Rats of the 2™ group (TAA-
intoxicated control) were orally received the vehicle at a dose of
ImL/kg for 3 weeks and injected with TAA (50mg/kg, sc) thrice
weekly for 3 weeks”". Animals of the 3" group (reference) were
received silymarin at an oral dose of 50 mg/kg for 3 weeks and
injected with TAA (50mg/kg, sc) thrice weekly for 3 weeks. The
4" and 5" groups were treated orally with 4. paniculatum extract
(200 and 400mg/kg, respectively) for 3 weeks and injected with
TAA (50mg/kg, sc) thrice weekly for 3 weeks. Rats of the 6" and
7" groups were treated orally with C. spinosa extract (200 and
400mg/kg, respectively) for 3 weeks and injected with TAA
(50mg/kg, sc) thrice weekly for 3 weeks.

At the end of the experimental period, all the animals were
sacrificed by cervical decapitation, blood samples were collected
and sera were separated and analyzed for various biochemical
parameters. Livers were dissected out and divided into two parts.
One part was kept in liquid nitrogen for determination of
antioxidant status and the other part was immediately fixed in
buffered formalin 10% and was used for histopathological
examination.

Assessment of serum and liver biochemical markers

The levels of ALT, AST, ALP, y-GT, total protein (TP),
albumin (Alb) and BRN were determined in serum of all rats.
Hepatic tissues from all livers were sampled from the same site of
the left lobe, but away from the portal system. One gram of the
sampled tissue was placed in 10mL (10% w/v) of PBS (phosphate
buffer solution with pH 7.4), then homogenized, centrifuged at
4000rpm for 10min at —4°C and the supernatant was kept in a
—80°C freezer. The activities of the antioxidant enzymes such as
SOD, GPx and CAT, were assayed in the hepatic tissue
homogenate of the control and experimental rats” ",
respectively. Moreover, levels of MDA were assessed in the liver
tissue homogenate as a measure for lipid peroxidation according
to *, while GSH tissue content was measured according to the
method described by Moron ez al. ™.

Histopathological analysis

Liver specimens from all rats were fixed in 10% buffered
formalin and embedded in paraffin using automated tissue
processing machine. Sections were sliced at Spum thickness and
stained with haematoxylin and eosin (H&E) for histological
evaluation.

Statistical analysis

The values are expressed as mean =+ standard error of six
observations in each group. All groups were subjected to one-way
analysis of variance (ANOVA), which was followed by
Dunnett'stest to determine the intergroup variability by using
SPSS ver. 14.0. A comparison was made with the normal control
and TA A-hepatotoxic groups. We took a P-value of <0.05 as our
desired level of significance.

RESULTS
Acute oral toxicity testin rats

There were no behavioral alterations or mortalities recorded
in the rats administered A. paniculatum and C. spinosa extracts at
doses of 2 and 4g/kg. Physically, they appeared normal and no
abnormal signs were observed in their skins, eyes, and mucus
membranes. These findings provided sufficient evidence to
conclude that A. paniculatum and C. spinosa extracts were safe
and did not cause extract-related toxicity. The oral LD;,values for
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Table 1: Effect of the ethanol extracts of A. paniculatum and C. spinosa on the serum activity of

liver marker enzymes in rats with TAA- induced hepatotoxicity.

Groups ALT AST ALP v-GT
(U/L) (U/L) (U/L) (U/L)
Normal Control 126.0-3.92" 96.5+3.01" 249.845.41" 1.820,04"
TAA-hepatotoxic Control 423.5-9,57* 313.748.34° 408.749.08" 5.520,16"
Silymarin (50 mg/kg)+TAA 177.0+5.62% 138.7+5.94™ 278.7+7.15™ 2.3+0.08™
A, paniculatum (200 mg/kg)+TAA 285.3£6.91™ 214.6+£6.92" 344.348.21" 3.940.08"
A. paniculatum (400 mg/kg)+TAA 21884673 187.3+6.84" 317.548.64™ 3.240.09"
C. spinosa (200 mg/kg)+TAA 277.2+£7.72" 205.2+532" 328.7+48.76™ 3.5+0.06™
C. spinosa (400 mg/kg)+TAA 210.7+7.58™ 176.7£5.77" 305.248.15™ 3.0£0.09™

The results are expressed as mean+S.E.M., n =6 rats/group.
a indicate significance compared to normal control group at p< 0.05 (Dunnett's test).
b indicate significance compared to hepatotoxic control group at p< 0.05 (Dunnett's test).

Table 2: Effect of the ethanol extracts of A. paniculatum and C. spinosa on the serum levels of TP,

Alb and BRN in rats with TAA - induced hepatotoxicity.

Groups TP Alb BRN
(g/dL) (g/dL) (mg/dL)
Normal Control 7.840.14° 3.9:0.07° 1.3£0.03°
TAA-hepatotoxic Control 5.0£0.11° 2.120.04° 3.5+0.06"
Silymarin (50 mg/kg)+TAA 7.2+0.12° 3.340.09® 1.8+0.04®
A. paniculatum (200 mg/kg)+TAA 6.0=0.12" 2.9+0.06™ 2.5+0.05%
A. paniculatum (400 mg/kg)+TAA 6.3+0.11" 3.040.08™ 2.440.07®
C. spinosa (200 mg/kg)+TAA 6.2=0.15" 3.0£0.05" 2.5+0.06"
C. spinosa (400 mg/kg)+TAA 6.7+0.11° 3.1£0.06™ 2.1£0.03%

The results are expressed as mean+S.E.M., n =6 rats/group.
a indicate significance compared to normal control group at p< 0.05 (Dunnett's test).
b indicate significance compared to hepatotoxic control group at p< 0.05 (Dunnett's test).

both extracts were indeterminable being in excess of 4 g/kg b. wt.
So, testing the extracts at a higher dose may not be necessary and
the extracts were practically non-toxic.

Serum and liver biochemical markers

The activities of ALT, AST, ALP, and y-GT and the levels of
TP, Alb and BRN in rat's serum were shown in Tables(1 and 2).
Significant increases in the serum ALT, AST, ALP, y-GT and BRN
but strongly lower TP and Alb levels were detected in TAA-
hepatotoxic ratsas compared to normal control group. Silymarin+
TAA therapy was effective and restored the activities of these
serum biochemical toward their normal values. Levels of ALT,
AST, ALP,y-GT and BRN increased by TAA treatment were
reduced significantly by treatment of rats with A. paniculatum
and C. spinosa for 3 weeks. Moreover, the significant decrease of
TP and Alb in serum, which was observed in animals with TAA

treatment, was significantly reversed by both extracts. These
results demonstrated the capacity of A. paniculatum and C.
spinosa extracts to protect against the abnormal hepatic
biochemical activities initiated by TAA.

Table 3 lists the activities of enzymes involved in the hepatic
antioxidant defense system. It is recorded that SOD, CAT, and
GPx enzyme activities were decreased in the liver homogenates
of TAA-hepatotoxic controls when compared with the normal
control rats. These results indicated the occurrence of liver
damage in TAA-hepatotoxic group. Activities of SOD, CAT, and
GPx enzymes were significantly increased following medication
of rats with silymarin + TAA, A. paniculatum+ TAA and C.
spinosa+ TAA for 3 weeks.Liver homogenates of the TAA-
hepatotoxic group had significantly high levels of the lipid
peroxidation (MDA) and low levels of GSH than the normal
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Table 2: Effect of the ethanol extracts of A. paniculatum and C. spinosa on the serum levels of TP,
Alb and BRN in rats with TAA - induced hepatotoxicity.

SOD GPx CAT GSH MDA
Groups (U/mg (U/mg (U/mg (numol/ g (nmol/g
protein) protein) protein) tissue) tissue)

Normal Control 454137 2.95+0.11° 13.8=0.24° 9.2+0.24° | 48.8=1.50"
TAA-hepatotoxic Control 21.6+0.53* 1.10£0.07¢ 7.2+0.15° 5.6+0.14* 112 9+3 84"
Silymarin (50 mg/kg)+TAA 40.3+1,127" [ 2.44+0.10" | 10.8+0,22™ | 8.3+0.13" | 57.4+1.687
A. paniculatum (200 mg/kg)+TAA 31.4+0.74™ 1.95+0.06™ 9.1£0.15" 7.1£0.12" | 78.6+2.53%
A. paniculatum (400 mg/kg)+TAA 34.5£077" | 2.140.12° 9.440.12% | 7.3:0.10" | 7041249
C. spinosa (200 mg/kg)+TAA 33.0+0.64" | 2.04£0.13® 9.2+0.11° 7.350.15" | 753+2.83%
C. spinosa (400 mg/kg)+TAA 36,7071 | 2.21x0.15" 9.6£0.16™ 7.4£0.13" | 68.6+£2.15"

The results are expressed as mean+S.E.M., n =6 rats/group.
a indicate significance compared to normal control group at p< 0.05 (Dunnett's test).
b indicate significance compared to hepatotoxic control group at p< 0.05 (Dunnett's test).

Figure 1: Photomicrographs of rat liver (H & E stain) under low power (X200), (A) Normal control group showing normal
parenchymal architecture; (B) TAA-hepatotoxic group showing hepatocytic necrosis, lymphocytic infiltration and proliferation of
fibrous connective tissue and the hepatocytes showed vacuolated cytoplasm; (C) 4. paniculatum (400 mg/kg) + TAA showing
normal hepatic cords and absence of lymphocytic infiltration; (D) C. spinosa (400 mg/kg) + TAA showing appreciable levels of
normal parenchymal architecture with lesser amounts of cytoplasmic vacuolization.

control rats. The level of liver MDA was significantly declined
while the GSH activity was significantly elevated following
silymarin + TAA, A. paniculatum+ TAA and C. spinosa+ TAA-
medication of rats for 3 weeks as compared with those of TAA-
hepatotoxic group. This set of data indicates that A. paniculatum
and C. spinosa extracts are antioxidants and protect the liver
through this property.

Histopathological analysis

Histopathological examination of the liver sections from
normal rats showed hepatocytes with normal parenchymal
architecture and normal liver lobular structure with well-
preserved cytoplasm and prominent nucleus (Fig. 1-A). Liver
sections of TAA-hepatotoxic rats showed hepatocytic necrosis,
lymphocytic infiltration and proliferation of fibrous connective
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tissue and the hepatocytes showed vacuolated cytoplasm (Fig. 1-
B). The hepatoprotective effect of silymarin, 4. paniculatum and
C. spinosa was confirmed by histopathological examination of
the liver tissue. Silymarin administration prevented lymphocytic
infiltration, hepatic necrosis, and fibrous connective tissue
proliferation induced by TAA. Consequently, the liver tissue
preserved its nearly normal hepatic lobular architecture with
central veins and radiating hepatic cords.Liver sections of rats
treated with A. paniculatum extract in a dose of 400 mg/kg
showed normal hepatic cords (Fig. 1-C) and absence of
lymphocytic infiltration and proliferation of fibrous connective
tissue indicating pronounced protection of hepatocytes against
TAA-induced hepatic damage. C. spinosa extract appeared to
reduce the TAA-induced toxicity as evidenced by less
inflammatory changes and no necrosis (Fig. 1-D). The livers had
appreciable levels of normal parenchymal architecture with lesser
amounts of cytoplasmic vacuolization.

DISCUSSION

In the current study, oral administration of 4. paniculatum and
C. spinosa extracts to rats at doses up to 4g/kg did not produce any
symptom of acute toxicity and none of animals died during 48 h of
observation. Accordingly, it suggested that oral values of LD, of
both extracts were higher than 4g/kg. Therefore, A. paniculatum
and C. spinosa can be categorized as highly safe, since substances
possessing LD, higher than 50 mg/kg are non-toxic"*". According
to Clarke and Clarke *”, any compound with the oral LD,,
estimate greater than 1000 mg/kg could be considered of low
toxicity and safe.

TAA administration is an established technique for generating
a model of experimental hepatotoxicity in rats. Hepatic
microsomal cytochrome P450 enzymes are known to metabolize
TAA into a toxic reactive metabolites; TAA-S-oxide and TAA-S-
dioxide ®. Neal and Halpert”’postulated the mechanism of
toxicity of TAA to be due to the formation of TAA-S-oxide that
may causes damage to the biological membranes leading to
serious cellular injury and leakage of liver marker enzymes like
ALT, AST, ALP and y-GT. The prevention of this phenomenon
can be considered as hepatoprotective activity “".In this study,
TAA-hepatotoxic rats developed hepatic damage as manifested
by a significant increase in the serum activities of ALT, AST, ALP
and y-GT. Raised activity of liver enzymes in intoxicated rats can
be attributed to the damaged structural integrity of the liver.
Treatment of rats with A. paniculatum+ TAA and C. spinosa+
TAA effectively protected rats against TAA-induced hepatic
damage, resulting in reduction in serum activities of liver
enzymes in a dose dependent manner, where 400mg/kg was more
effective than 200mg/kg of dose.The reduction seen in the levels
ofthese enzymes in the treated rats suggested that A. paniculatum
and C. spinosa extracts have stabilized the hepatocytes
membranes and interrupted the release of enzymes from liver into
blood.

The lowered levels of TP and Alb in the serum reveal the
intensity of hepatopathy”". The majority of Alb is synthesized in
the liver. Therefore, variation of serum TP or Alb concentrations
can reflect liver health status . In the current study, a marked
reduction of serum TP and Alb levels were observed in TAA-
hepatotoxic rats compared with the normal control animals. The
decrease in serum TP and Alb may be associated with the decrease
in the number of hepatocytes, which in turn may result in the
decreased hepatic capacity to synthesize protein. Perez et al. ™
explained that TAA decreases the protein contents in the liver by

inhibiting incorporation of amino acids into liver protein.
Administration of 4. paniculatum + TAA and C. spinosa + TAA
showed a significant reversal of these parameters toward the
normal. The effects of these extracts were comparable to that of
standard silymarin. This assures the hepatoprotective activity of
A. paniculatum and C. spinosa extracts against damage by
TAA Further, high serum level of BRN is used as a measure of
hepatotoxicity and hence reflects the necrotic conditions of
hepatocytes *“. In this study, TAA treatment increased serum
BRN concentration in rats. The rise in the serum level of BRN
could be attributed to impaired hepatic clearance due to hepatic
parenchymal damage and biliary obstruction “”.The high serum
level of BRN was reversed significantly in groups treated with 4.
paniculatum+ TAA and C. spinosa+ TAA. The ability of both
extracts to reduce the level of BRN in the serum of intoxicated
rats reconfirmed their potential hepatoprotective effect.

Hepatic antioxidant enzymes (SOD, GPx and CAT) represent
one protection against oxidative tissue-injury “”. SOD is an
important defense enzyme that catalyzes the dismutations of
superoxide radicals to hydrogen peroxide while GPx and CAT
metabolize H202 to non-toxic products. Since TAA induced
hepatotoxicity is due mostly to oxidative stress ", antioxidant
mediated protective role of A. paniculatum and C. spinosa
extracts has been assessed. In the present investigation,
scinjection of TAA to rats was shown to cause oxidative stress in
liver that was manifested by reduced activities of the antioxidant
enzymes as well as GSH depletion in the liver homogenate. The
reduced levels of the hepatic antioxidant enzymes and GSHin the
liver homogenates of TAA-hepatotoxic rats were reverted back
toward normal levels after the treatment with A. paniculatum and
C. spinosa. Accordingly, the possible mechanism of the
antihepatotoxic effect of both extracts may be, in part, attributed
to their antioxidant activities.

MDA, a lipid peroxidized product, can reflect the extent of
lipid peroxidation induced by oxidative stress. A significant
increase in MDA level was observed in the liver homogenate of
TAA-hepatotoxic rats compared with the normal control animals.
Several studies have suggested that part of hepatocellular injury
induced by TAA is mediated through oxidative stress caused by
the action of cytokines through lipid peroxidation " 4.
paniculatum and C. spinosa extracts at 200 and 400 mg/kg,
significantly decreased the level of lipid peroxidation induced by
TAA. This decrease could be attributed to the increase in GPx
activity in rats treated with both extracts since GPx has been
known to inactivate lipid peroxidation reactions ”. Increased
activities of the antioxidant enzymes with concomitant increase
in GSH level and reduced lipid peroxidation product are
indications that A. paniculatum and C. spinosa extracts offered
significant protection.

Histopathologic studies also supported the evidence of
biochemical analysis. Histological examination of rat liver
treated with TAA shows significant hepatotoxicity characterized
by necrosis of hepatocytes. There was extensive infiltration of the
lymphocytes around the central vein and loss of cellular
boundaries. However, in animals treated with ethanolic extracts
of A. paniculatum and C. spinosa the severity of hepatic damage
was decreased when compared with TAA-hepatotoxic rats. In
accordance with these results, the protective effect of both
extracts against TAA may be attributed to the presence of
phytochemicals.Therefore, the beneficial effects of A.
paniculatum can be attributed to the presence of non-enzymatic
antioxidants such as selenium and copper metals, vitamin C and
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other phytochemicals such as organosulphur compounds *”. In
addition,the protective activity of C. spinosa extract may be due
to its flavonoids that display a remarkable role in various
pharmacological activities including anti-inflammatory and

antioxidant effects ™",

CONCLUSION

In conclusion, the result of the present study demonstrates that
the ethanolic extracts of A. paniculatum and C. spinosa extracts
showed a significant hepatoprotective effect when orally
administrated in doses of 200 and 400 mg/kg, and the protective
effect was dose-dependent. The hepatoprotective effect of both
extracts might be due to direct antioxidant mechanisms, as well as
the ability to indirectly augment glutathione levels, thereby aiding
in hepatic detoxification.
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