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Abstract

Hepatic injury is a dose-limiting side effect of sodium valproate (VPA), a common used drug in the
management of numerous nurological disorders, including epilepsy. The present study was designed to
investigate the effect of Apium Grafionalies (AG) and Rosmarinus officinalis (RO) against VPA-induced liver
injury. Hepatic toxicity was induced by the administration of VPA (500 mg/kg/day) once daily for a period of 7
days. The hepatoprotective group received ethanolic extracts of AG and RO (200 mg/kg/day) for 7 days prior to
VPA treatment for seven days. VPA liver toxicity was evaluated based on serum alanine aminotransferase
(ALT) and aspartate aminotransferase (AST) activities and, albumin, and total protein levels as well as by
histology. Serum ALT and AST activities were elevated and albumin and total protein levels were depleted.
Histopathological changes in liver such as fatty degeneration and focal necrosis were associated with significant
increase in TUNEL-positive cells and P53 protein in immunohistochemical study indicating the presence of
DNA fragmentation.
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This biochemical and histological changes were associated with increased oxidative stress damage as evidenced
by increases in protein carbonyl (P.Carbonyl) and decreases in total antioxidant capacity (TAC) in liver. These
biochemical and histological disturbances were effectively attenuated on pretreatment with either AG or RO
extract, which normalized P.Carbonyl and TAC and attenuated histopathological changes induced by VPA.
These observations shed light on the hepatoprotective actions of both AG and RO extracts against experimental
VPA toxicity. AG was characterized for its apigenin content while RO was characterized for its rosmarinic acid
and carnazol contents. Besides, in a pentylenetetrazole (PTZ) rat clonic convulsion model, pretreatment with
AG and RO (200 mg/kg) before VPA protected against PTZ-induced convulsion, where it delayed the onset of
clonic convulsion in PTZ treated rats.

Keywords: Sodium valproate; liver toxicity; protection; Apium gravuonalues; Rosmarinus officinalis; Liver

toxicity;Sodium valproate; Apium Graveolens; Rosmarinus Officinalis; Anticonvulsant activity.

1. Introduction

Sodium valproate (VPA) is a branched-chain saturated fatty acid [2-propyl pentanoic acid] that is widely used
for the treatment of epilepsy, and migraine headaches. VVPA is being investigated as a novel histone deacetylase
inhibitor in the treatment of certain forms of cancer [1]. Despite its effectiveness, VPA has been associated with
hepatotoxic effects such as microvesicular steatosis, hepatocellular necrosis and cholestatic liver injury in
humans [2-4].

VPA has been referred as the third most common xenobiotic suspected of causing death due to liver injury [5].
Moreover, acute and chronic animal models of VPA toxicity clearly show extensive microvesicular fatty
changes, centriolubular degeneration, focal necrosis and infiltration of inflammatory cells in liver [6-8]. At the
molecular level, growing body of evidence suggesting that excessive levels of free radicals are generated during
VPA exposure, possibly as a consequence of VPA biotransformation by mitochondrial fatty acid &-oxidation
and/or alterations in endogenous antioxidants [4, 9]. In rat studies, the depletions of endogenous antioxidant
substances [10] and the elevations in oxidative stress markers [6,9-11] have been found to increase after acute
and chronic VPA treatments. Conceivably, a big need arises to seek avenues that could alleviate VPA-induced
hepatic injury. In fact, several compounds with antioxidant properties such as vitamin C, E, and U, carnitine

omega-3, and safranal have been investigated in vitro and in vivo with some degree of success [7-9, 12-13].

In recent years, several natural extractions from plants have been shown to protect against chemical-induced
liver toxicity. Conversely, no attempts have been made to reduce VPA liver complications and to boost its
therapeutic efficacy by using the natural substances. Apium graveolens L. AG [celery, family: Umbelliferae] and
Rosmarinus officinalis (RO) [Rosmary, family: Lamiaceae] are cultivated in Mediterranean area for their
essential oils and are often used as popular aromatic herbs and spices due their characteristic smells.
Phytochemical investigations of AG seeds revealed the presence of terpenes like limonene, flavonoids like
apigenin and phthalide glycosides [14-16] RO was also found to contain several antioxidant compounds such as
phenolic diterpenoids like carnosic acid, carnosol, rosmanol and epirosmanol [17-19] and carotenoids and alpa-

tocopherol [20].
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AG seeds are traditionally used as a diuretic, tranquilizer, anti-spasmodic and anti-rheumatic [21]. AG seed
extracts have been reported to possess a broad spectrum of pharmacological effects including anti-inflammatory
[22], anti-cancer [14, 16, 23], anti-hepatotoxic [24-25], anti-hypercholesterolemia [26], anti-ulcer [27] and
antioxidant [22,28]. Furthermore, we previously demonstrated that AG seeds can reverse a, VPA-induced

reproductive toxicity in rats by ablating oxidative stress [29].

RO is a native Mediterranean plant that has commonly been used against asthma, eczema and rheumatism [30].
RO extracts are found to exhibit different protective effects in rats such anti-hyperglycemic [31], anti-
ulcerogenic [32], hepatoprotective [33] antioxidant and anti-genotoxicity [34] and anticancer activity [35] and
antidepressant behavior [36]. The extract of RO has been shown to have potent hepatoprotective effects against
a variety of hepatotoxic chemical agents including tert-butyl hydroperoxide [37], carbon tetrachloride [30,38-
39] and azathioprine [40].

This investigation was set to evaluate whether treatment with either AG or RO ethanol extract could reduce
VPA-induced liver toxicity in male rats. To accomplish this, we monitored levels of hepatocellular oxidative
stress and markers of hepatic function and histopathologic investigation. On the other hand, the possibility of

pharmacologic synergy with VPA was explored in a pentylenetetrazole (PTZ) rat convulsion model.

2. Materials and Methods

2.1. Chemicals

The dried plants, AG seeds, and RO leaves, were purchased from Experimental Plant Station in Faculty of
Pharmacy, Cairo University, Giza, Cairo. Plants were collected during the flowering period in March and April
2015. The plants growth environment is typically Mediterranean. The plants were authenticated by plant
taxonomist; Dr. Nael M. Fawzi, compared to related specimens available at the herbarium of the Flora and
Taxonomy Department, Agricultural Research Center, Giza, Egypt. VPA (Depakin®), it is one of products of
Sanofi-Synthelabo Company, Paris, France. 2,4-dinitophenylhydrazine, thiobarbituric acid, reduced glutathione,
5,5-dithiobis (2-nitrobenzoic acid), Folin's reagent, epinephrine, SOD enzyme, H202, and bovine albumin were
obtained from Sigma Chemical Co. (St. Louis, MQO). All other chemicals were obtained from common

commercial suppliers.

2.2. Experimental animals

Adult male albino rats (150-200g) of the Wistar strain were obtained from the animal house, National
Organization for Drug Control and Research (NODCAR). All procedures with animals were performed in
accordance with the standard guidelines [41] and approved by local ethical committee of NODCAR. They were
maintained on standard pellet diet and tap water ad libitum and were kept in polycarbonate cages with wood
chip bedding under a 12 h. light/dark cycle and room temperature 22-24°C. Rats were acclimatized to the

environment for two week prior to experimental use.

2.3. Preparation of Plant Extract
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To increase the yield of extraction in a shorter time and a lower temperature, the liquid-phase microwave-
assisted process was used for extraction of AG and ZO according to the methods described by (Pan and his
colleagues 2001). These microwave-assisted extraction applications are based upon the selective heating of the
matrix that contains the target extract when the matrix is immersed in a solvent transparent (ethanol and water)
the microwaves. This solvent allows for selective heating of particular components within the matrix without
using excessive heating. Hundreds grams of dried plants, AG seeds and RO leaves were mixed in 1000 ml of
70% ethanol. Every 10 gm of ground herb mixed with 100 ml of 70% ethanol in 250-ml conical flask. The
Mixtures were then irradiated with microwave for two minutes. The output power of the microwave oven is 300
W. The suspensions were irradiated with 25 seconds of power on to give the desired temperature of about 80 °C
and 5 second of power-on for heating and then 10 second of power-off for cooling. Then the extracts were
finally filtered through gauze and evaporated under vacuum at 40°C using a rotary evaporator. The yields of AG
and RO were about 16% and 10% respectively. The dried extracts were dissolved in distilled water before

administration.

2.4. Standardizations of AG and RE by high-pressure liquid chromatography

Both of AG and RE were standardized in reference to its major contents exploiting high-pressure liquid
chromatography (HPLC) analysis. The separations were carried out on HPLC apparatus (Agilent 1100 series).
The dry extract of both AG and RO was dissolved in mobile phase (30% acetonitrile at pH 3.0) and separations
were performed on a 250 X 4.6mm i.d., 5 pm reverse-phase Hypersil BDS-C18 analytical column (Thermo
Scientific, USA). The mobile phase was acetonitril (A) and acidified water containing 2.5% formic acid (B).
The gradient was as follows: 0 min, 5% A; 10min, 15% A; 30 min, 25% A, 35 min, 30% A; 50 min, 55% A; 55
min 90% A; 60 min, 100% A and then hold for 10 min before returning to the initial conditions. The flow rate
was 1.2 ml/min for AG and 1.0 ml/ min RO and the absorbance was monitored at 265.5 nm for AG and 280nm
for RO according to the method described by [42].

2.5. Rat Liver Toxicity Studies

2.5.1. Experimental Design

VPA was dissolved in a saline solution and was administered to animal in a volume of one ml /100 g body
weight. The control animals received an equivalent volume of saline based on body weight. The hepatotoxic
dose of VPA (500 mg/kg b.wt.) used in the present study is based on the previous hepatotoxic study of VPA in
rats [6]. The two extracts were given orally by gavage at the concentration 200 mg/Kg of body weight, which
previously found to prevent liver toxicity induced in rats by other hepatotoxic agents [33]. The rats were
randomly divided into six groups (eight rats each) and were treated daily for two weeks as follow: the first
control group was received daily an equivalent volume of water for 14 days, the VPA- treated group was treated
with water for 14 days and was injected daily an intraperitoneal dose of VPA (500 mg/kg b.wt.) for 7 day after 7
days of water treatment, the AG-treated group was treated orally with AG extract (200 mg/kg b.wt.) for 14 days,
the RO-treated group was treated orally with RO extract (200 mg/kg b.wt.) for 14 days, AG plus VPA-treated
group was pretreated orally with AG extracts daily for 7 days before VPA treatment for further 7 days, RO plus
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VPA-treated group was pretreated orally with RO extracts daily for 7 days before VPA treatment for further 7
days. After 24 hours of last treatment with each of VPA, herbal extracts or vehicle solution administration,

blood and organ samples were obtained from the four groups under diethyl ether anesthesia.

2.5.2. Sample Preparation

Blood was collected from the retro-orbital plexus under diethyl ether anesthesia. Serum was separated by
centrifugation in a refrigerated centrifuge (4°C) at 3000 rpm for 20 minutes. Fresh serum samples were used for
the determination of albumin and total protein levels as well as enzyme activities of ALT and AST. After the
collection of blood samples, all animals were sacrificed by decapitations under diethyl ether anesthesia and two
liver samples were collected from each animal. The first part was removed and immediately immersed in 10%
buffered formalin for histopathological examinations. The other part was homogenized in ice-cold Tris-HCL
buffer (150 mM KCI, 50 mM Tris, pH 7.4) to give 10% homogenate w/v and stored at -20°C for further

biochemical analyses. Aliquots were prepared and used for determination of different biochemical markers.

2.5.3. Biochemical Assays

2.5.3.1. Assessment of liver damage

ALT and AST activities as well as Albumin and total protein concentrations were determined in serum using
Randox reagent kits (Randox Laboratories Ltd., Co. Antrim, United Kingdom) and following their instruction

manual

2.5.3.2. Determination of Oxidative Stress Markers

Malondialdehyde (MDA) level, an indirect index of lipid peroxidation (LP) [43] was measured in hepatic
tissues. The determination of MDA, as described in [44] is based on its reaction with thiobarbituric acid (TBA)
to form a pink complex with absorption maximum at 535 nm. The level of MDA and was expressed was

expressed as nmol of MDA/mg protein.

P.carbonyl is vital marker of oxidative stress. It has some advantages in comparison with other markers because
of relative early formation and stability of carbonylated proteins [45]. Hepatic P.carbonyl content was
determined according to method of [46]. This method is based on spectrophotometric detection of the reaction
of 2,4-dinitophenylhydrazine with P.carbonyl to form protein hydrazones at 370nm. The level P.carbonyl was

expressed as nmol of carbonyl group per milligram of protein with molar extinction coefficient of 22000 M/cm.

The total antioxidant capacity in liver was evaluated using ferric reducing antioxidant power (FRAP) assay. The
FRAP assay was determined according to the method described by [47]. The FRAP assay measures the change
in absorbance at 593 nm due to the formation of a blue colored ferrous- tripyridyltriazine complex from
colorless oxidized ferric form by the action of electron donating antioxidants. The total protein content in liver
was determined according to the Lowry's method modified by [48]. In all the estimations, absorbance was

recorded using a PerkinElmer, Lambda 25 UV/VIS spectrophotometer.
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2.5.4. Histopathological examination

Pieces of liver were fixed in 10% neutral phosphate-buffer formalin and the hydrated tissue sections 5um in
thickness were stained with Hematoxylin and Eosin. The sections were examined under a Leica DMRB/E light

microscope.

2.5.5. TUNEL assay for DNA fragmentation and immunohistochemical assay for P53

Terminal deoxynuclotidyl transferase-mediated dUTP nick end labeling (TUNEL) assay detects single-strand
DNA breaks and double strand DNA breaks, therefore TUNEL positively is seen in both necrosis and apoptosis
[49]. Endogenous peroxidase was blocked by incubation in 1.3% H202 in PBS before enzymatic labeling. The
fragmented DNA was end labeled with horseradish peroxidase (HRP) conjugated-biotinylated nucleotide at 30-
OH end using the terminal deoxynucleotidyl transferase recombinant enzyme according to the manufacturer’s
instructions (Promega, Madison, Wisconsin, USA). Detection was carried out using H202 and
diaminobenzidine (DAB) substrate. Sections were counterstained with hematoxylin. In the normal section the

nuclei stain blue and the positive TUNEL nuclei stained brown.

P53 is a multi-function protein and known as the guardian of the genome [50, 51]. Elevation of P53 protein in
response to DNA damage triggers either a transient cell cycle arrest or apoptosis [50, 51]. So that combination

of TUNEL and P53 techniques should always be used to detect DNA damage and genotoxic stress.

2.6. Rat Acute, Pentylenetetrazole (PTZ), anticonvulsant Studies

PTZ-induced clonic seizures represent a routine test for screening anticonvulsants [52]. In the present work, the
selection of PTZ dose to induce clonic convulsion n our animals and antiepileptic VPA dose was according to
Safar and his colleagues [53]. Administration of PTZ (60 mg/kg i.p.) induced: freezing, myclonic twitches,
clonic convulsion. The VPA group received the sub effective dose of VPA (100 mg/kg, IP) to study the
possibility of pharmacologic synergy of AG and RO with VPA against PTZ-induced clonic convulsion. The
animals were divided into six groups of analysis (eight rats each); group 1 received single intraperitoneal PTZ
dose (60mg/kg ) to induce clonic convulsion [53]. Group 2 is the VPA group injected intraperitoneally with
VPA (100mg /kg, ip) 30 min before PTZ administration. AG group received AG (200mg/kg) orally, 1 hour
before PTZ treatment (60 mg/kg ). RO group received RO (200 mg/kg PO) 1 hour before PTZ administration
(60 mg/kg IP). In AG+VPA group animals were received AG (200 mg/kg) 30 min before injection of VPA dose
then convulsion was induced by injection PTZ after 30 min of VPA treatment. In RO+VPA group animals were
received AG (200 mg/kg) 30 min before injection of VPA dose then convulsion was induced by injection PTZ
after 30 min of VPA treatment.

2.6.1. Seizures assessment

After PTZ injection, rats were placed singly in Plexiglas cages and were observed for 30 min. Incidences and
latency of clonic convulsive attacks, which lasts over 3 s with an accompanying loss of righting reflex were

recorded. Seizure latency for rats showing no convulsive attacks within the observation period was taken as 30
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min.

2.7. Statistical Analysis

The data are expressed as group mean + SEM. The statistical analysis was carried out one-way analysis of
variance (ANOVA), with SPSS version 20 statistical program (SPSS Inc., Chicago, IL, USA). ANOVA
performed to detect differences between all various groups. When significant differences by ANOVA were
detected analysis of a difference between the means of the treated and control groups were performed by using
Dennett’s t test.

3. Results

3.1. Effect of AG and RO on VPA-induced liver damage

Table 1 revealed that treatment with VPA alone caused a significant increase in serum ALT and AST activities
and a significant decrease in serum albumin, and total protein levels compared to the control group. No
significant differences were observed in the serum markers of liver damage in the animals treated with AG or
RO. However the elevation in serum ALT and AST activity as well as the depletion in albumin and total protein
levels was significantly attenuated in groups treated with AG + VPA or RO + VPA in comparison to VPA-

treated rats. This improvement was more pronounced in the group of rats pretreated with RO.

Table 1: Effect of AG or RO on serum ALT, AST activity, and albumin and total protein concentrations in

control and VVPA treated rats

Groups ALT (U/ml) | AST (U/ml) Albumin (g/dl) | Total protein (g/dl)
Control | 26.13 % 0.65 118.25 +3.18 3.97+0.13| 7.04%0.06

AG 27.14+0.81 119.80 +2.02 | 3.99+0.14 7.04 £0.05

RO 26.83+0.20 117.62+1.67 | 3.95+0.15 6.99 + 0.06

VPA 4751 +154% [ 163.50 +851° [ 3.13+0.20° | 5.06 + 0.10°
AG+VPA | 28.08 + 1.51° | 133.12 + 3.63° 3.29+0.15%" |5.31+£0.05%°
RO+VPA | 28.08 + 1.52° | 119.02 + 6.48" 3.41+017%" | 6.13£0.23%"

Data are represented as mean + S.E.M. of eight independent rats of each group. a a<0.05 vs. control, b<0.05 vs.
VPA.

3.2. Effect of AG and RO on VPA-induced Histological Changes

Histopathological examination of liver tissue was done to further illustrate VPA-induced liver damage (Figure 1
& 2). Liver of rats in control showed normal histological structure of liver (Figure 1 a & 2 a). Extensive fatty

degeneration of the hepatocytes, with focal necrosis, vacuolated cytoplasm was clearly seen in the VPA-treated
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group (Figure 1 b & 2 b). In VPA intoxicated rats, the portal tract was

Figure 1: Photomicrographs of liver sections in central area. (a) Liver section from control rats showing the
normal arrangement of hepatocytes. Liver section of VPA-treated rats (b) showing extensive degeneration of
hepatocytes with focal necrosis (thin arrows), vacuolated cytoplasm (thick arrows) and damaged central vein
(CV). Group of rats pretreated with AP (c) or RO (d) before VPA exhibiting relatively normal appearance of

hepatocytes with moderate degeneration and focal vacuolated cells (H & E, X 400).

markedly infiltrated with mononuclear cells and showed severe dilated congested portal vessels (Figure 2 b) and
some focal cells appeared small in size with deeply stained acidophilic cytoplasm and dark nuclei and other
were with pale vacuolated cytoplasm. Animals treated with AG or RO showed normal liver morphology with
slight degeneration and vacuolization of hepatocytes (Figure 1 ¢ & 2 c¢). Rats treated AG + VPA or RO + VPA
showed better preserved appearance of hepatocytes (Figure 1 d & 2 d) with a decrease in focal necrosis and

inflammations.

Figure 2: Photomicrographs of liver sections in portal area (p). (a) Liver section from control rats showing
normal hepatic architecture. Liver section of VVPA-treated rats (b) showing degeneration of hepatocytes with
focal eosinohyilic cytoplasm and pyknotic nuclei (thin arrows), vacuolization (thick arrows) and inflammatory
cell infiltration (asterisk). (c) Liver section of AG-pretreated rats before VPA showing some degree of swelling
and degeneration in hepatocytes. (d) Liver section of rat pretreated with RO before VPA showing better-

preserved appearance of hepatocytes with some degree of degeneration and inflammation (H&E, X 400).

3.3. Effect of AG and RO on VPA-induced oxidative stress in liver
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The effects of different treatments on the oxidant-antioxidant status of the livers are depicted in Figure 3. VPA
treatment alone produced a significant increase in hepatic MDA (Figure 3 A) and P.carbonyl contents (Figure 3
B) with concomitant significant decrease in TAC (Figure 3 C) in liver when compared with the control group.
The combined treatment with AG or RO plus VPA significantly decreased hepatic MDA and P.carbonyl
contents and significantly increased hepatic TAC when compared with VPA-treated rats (Figure 3).

Interestingly, rats received AG or RO alone did not show any changes in these oxidative stress markers.
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Figure 3: Effect of AG or RO on hepatic MDA (A) and P. Carbonyl (B) contents and TAC (FRAP assay) in
control and VVPA treated rats. Data are expressed as means + SEM for eight animals in each group. a P < 0.05
vs. control, b P < 0.05 vs VPA.

3.4. Effect of AG and RO on VPA-induced DNA fragmentation and up regulation of P53 protein

Immunohistochemical study showed that VPA groups revealed extensive positively brown expression of
TUNEL and P53 protein in hepatocytes especially in centriolobular and periportal areas (Figure 4 & 5). AG +
VPA treated and RO + VVPA treated groups AG and RO attenuated the number of TUNEL and P53 positive cells
comparing to VPA-treated group.

Figure 4: Effect of medicinal herbs on VPA-induced DNA strand breaks were assessed by TUNEL assay.
Photomicrographs of liver sections in central area. There are no TUNEL-positive cells in liver section of control
rats (a), the nuclei stained blue with hematoxyline. Liver section of VPA-treated rats (b) showing extensive
TUNEL- positive hepatocytes (arrows), the hepatocyte nuclei and cytosol stained brown. Group of rats
pretreated with AP (c) or RO (d) before VPA exhibiting nearly normal appearance of hepatocytes and there is a
marked reduction in TUNEL-positive cells. Sections were counterstained with hematoxyline (X 400).
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Figure 5: Effect of medicinal herbs on VPA-induced DNA damage was assessed by immunohistochemical
localization of P53 protein. Photomicrographs of liver sections in central area. There are no P53-positive cells in
liver section of control rats (a), the nuclei stained blue with hematoxyline. Liver section of VPA-treated rats (b)

hepatocytes showing frequent P53 immunoreactivity (arrows). Group of rats pretreated with AP (c) or RO (d)
before VPA showing a marked reduction in P53-positively-stained cells. (X 400).

3.5. Effect of VPA and AG and RO on clonic convulsion (min) induced by PTZ

Figure 6 depicts that rats subjected to PTZ exhibited clonic convulsions with 4.6 -min average seizure latency.
This was manifested as bilateral forelimb myoclonus with rearing, or with loss of postural control. Sub effective
dose of VPA showed significant tendency to protect against onset of rat clonic convulsions with 8, 3- min
average seizure latency but did not reduce the convulsions' incidence in rats. Each of AG and RO alone did not
induce an increase in latency (onset) of rat clonic convulsions with 6 and 5.3- min average seizure latency, when
compared with control PTZ value. On the other hand, it was of current interest to seek possible synergy with
anticonvulsant effects of VPA. AG and RO successfully delayed the seizure latency to reach 13 and 11.4 min

respectively as compared to PTZ treated rats.

Onset of PTZ clonic convulsion

S ¥ O ;ﬁr ;gv-
O

Figure 6: Effect of VPA, AG and RO on PTZ-induced clonic convulsion (min). PTZ was injected 30 min

after VPA administration. The combination groups received RO or AG then VVPA, respectively; at 30 min

intervals, before PTZ was given. Data of clonic convulsion latency are expressed as means + SEM for eight
animals in each group. a P < 0.05 vs. PTZ control, b P < 0.05 vs VPA.
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3.6. Standardizations of AG and RO by HPLC

The HPLC profiles of AG and RO extracts were run in parallel to the corresponding standards under similar
analytical conditions (Figure 7 & 8). The standard peak for apigenin was observed at retention time (15.117
min.). While the running of extract resulted in a sharp peak at 15.156 min., which was found to be apigenin
present in the extract with other peaks present in HPLC profile of AG. In the present study, apigenin content
was about 32 pg/ 200 mg of AG extract.

The HPLC analysis of rosmarinic acid and carnosol of rosemary crud extract are shown in table 2. HPLC
analysis of RO extract revealed the presence of some chromatographic peaks among which are rosmarinic acid
at 17.654 min and carnosol at 50.246 min (Figure 8). HPLC quantitative analysis showed that rosmarinic acid

content was 6.23 mg per 200mg RO crud extract while carnosol was 2.56 mg per 200 mg of RO crud extract.

f.': ..
bie

i Jom

Figure 7: Chromatogram UV obtained at 265.5 nm of AG extract (a) run in parallel to the apigenin standard (b)
under similar analytical conditions. The standard peak for apigenin was observed at retention time (15.117
min.). While the running of extract resulted in a sharp peak at 15.156 min., which was found to be apigenin

present in the extract with other peaks present in HPLC profile of AG.

Figure 8: Chromatogram UV obtained at 280 nm of RO extract (a) run in parallel to the rosmarinic acid and
carnosol standards (b) under similar analytical conditions. The standard peak for rosmarinic acid (1) was

observed at retention time (17.65 min.) and for carnosol was (2) observed at retention time (50.25 min.).
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Table 2: Yield, antioxidant capacity and the qualitative—quantitative analyses of the ethanol extract from AG

and RO carried out using an HPLC.

Extract Yield Antioxidant Compound identified Content /
FRAP assay TAC (mmol/g) 200 mg extract
AO 16.1% 0.61+0.10 Apigenin 32 pg £ 0.02
RO 10.2% 217 £ 0.10 Rosmarinic acid 6.23 mg + 0.03
Carnosol 2.56 mg + 0.03

Values are means = SME of three experiments.

4, Discussion

The present study demonstrates that treatment with AG and RO extracts significantly reduces the severity of
VPA-induced liver dysfunction, cellular steatosis and histopathological changes in male albino rats. Likewise, it

reveals that AG and RO enhance the anticonvulsant effects of VPA in a PTZ rat- convulsion model.

In this report, VPA induced liver toxicity in male Wistar rats at dose level 500 mg/kg b.wt. for seven days,
which is in agreement with previous experimental animal studies [6, 8, 54] VPA-mediated hepatic injury is
characterized by with a dose-dependent rise in serum liver enzymes, decline in plasma albumin, microvesicular
steatosis and necrosis [8, 9, 54]. In this study, VPA treatment caused a significant elevation in serum AST, and
ALT activities, indicating the liver injury induced by VPA. Serum albumin and protein levels were decreased in
rats treated with VPA, which was in consistent with that of previous reports [8,55-56]. This hepatotoxicity
observed in VPA-treated rats was confirmed histopathological lesions and characterized by hepatocellular focal
necrosis, fatty changes, and inflammatory cell infiltration. However, pretreatment of animals by either AG or
RO attenuated the liver toxicity induced by VPA as shown by decreased ALT and AST activities and associated
decrease of serum albumin and protein levels as well as low histopathological changes in comparison to the
VPA-treated group. Similar hepatoprotective effects were obtained from AG and RO treated rats intoxication
with paracetamol, thioacetamide [24], CCL4 [25, 33, 38-39], di(2-ethylhexyl) phthalate [57] and creosote [58].

Multiple pathways are implicated in the pathogenesis of VPA-induced liver damage. Overproduction of free
radicals and decreased hepatic endogenous antioxidants has been considered as a corner stone in developing
VPA-induced liver damage [9-10]. Oxidative stress in a cell is activates when the antioxidant defense system is
overwhelmed by the production of ROS and free radicals [59]. In the present work, VPA-induced oxidative
stress was confirmed by the elevation of oxidized lipids (MDA) and proteins (P. carbonyl) and as well as the
depletion of TAC liver which were consistent with previous studies [8, 10]. Besides liver necrosis and oxidative
damage, VPA intoxication significantly increased the number of TUNEL-positive cells, especially in damaged
areas of liver. TUNEL assay may detected single-strand DNA breaks as well as double—strand DNA breaks,

therefore, TUNEL positively is seen in both necrotic and apoptotic hepatocytes [49]. We have earlier
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demonstrated, via increasing of Bax and caspase-3expressions, that apoptosis occurs in the rat liver after similar
VPA treatments [9]. These findings concur with those of the previous studies, which reported that VPA induced
DNA fragmentation and apoptosis in hepatocyte cell line [60-61], this TUNEL positively effect was
accompanied by increased accumulation of P53 protein indicating the presence of DNA fragmentation.
Furthermore, excessive amount of free radicals production has been related with an increase in DNA oxidative
stress described in series of treatment with VPA epileptic patients [10]. In this study P53 protein accumulation
could be a temporary response to DNA fragmentation, which allows the cells to repair its DNA damage or
trigger apoptosis. P53 protein acting to induce cell-cycle arrest or apoptosis in response to cell stress or DNA
damage, thereby to prevent replication of damaged DNA and to protect the integrity of the genome [51,62].
Therefore, over productions of free radicals and hence oxidative stress may account, at least in part, for hepatic
injury associated with VPA treatment. AO and RO pretreatments were effective to decrease VPA -induced
oxidative stress and DNA fragmentation (as indicated by TUNEL and P53 protein immunohistochemical
techniques). In accordance with our findings, the previous results showed comparable protective effect of RO

against oxidative DNA damage induced by several by oxidative stress agents [34, 63- 64].

We used PTZ rat model of convulsion to preliminarily evaluate possible of potential anticonvulsant action of
AG and RO. Our results demonstrated an anticonvulsant potential of AG and RO in the PTZ acute convulsion
model in rats. These compounds significantly increased the anticonvulsant effect of VPA. The mechanism of
their anticonvulsant action is not precisely known and could attribute to their antioxidant effects or might
attributed to interaction with GABA.

This protective effect could be the result of direct antioxidant properties found in both herbs, which was
reinforced here (FRAP assay) and has been documented previously [17-18, 22, 30, 58]. It is well known that
phenolic compounds, which are powerful antioxidants, found in both herbs could responsible for these
antioxidant protective effects. The major active phenolic ingredients isolated from celery seeds like limonene,
apigenin and phthalide glycosides [14-16] are known to have different pharmacological effects. Limonene and
phthalides have been exhibited high activity to induce detoxifying enzyme glutathione S-transferase in the
mouse liver [14]. In the same line, Phenolic diterpenes such as carnosic acid, carnosol, rosmanol and rosmanol
[17- 18, 65] and carotenoid and alpa-tocopherol [20] have been documented as the principal antioxidant
constituents of RO extracts. The efficacy of AG and RO may be attributed to the presence flavonoids apigenin
as well as rosmarinic acid and carnosol as active constituents for AG and RO respectively. In the present study,
apigenin content was about 32 pg/ 200 mg of AG extract while, rosmarinic acid and carnosol content were
about 6.23 mg and 2.56 / 200 mg of RO extract, respectively. Comparable findings have been reported
previously [65-67].

Indeed, the protective effect of either AG or RO against VPA toxicity might be mediated not only by their
potent antioxidant properties but through their detoxification capacity. Apigenin is an antioxidant and found to
be the major component in AG [66]. However, it cannot be excluded that these plant extracts may inhibit several
metabolic intermediates and ROS formed during the process of microsomal enzyme activation. Limonene and
phthalides have been exhibited high activity to induce detoxifying enzyme glutathione S-transferase in the

mouse liver [14]. Celery extract has been caused a significant decrease of cytochrome P450 in the liver of mice
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[68]. AG extract also was found to prevent mucosal inflammation through its inhibitory effect on prostaglandin
production [27]. Moreover, RO extract was reported to induce xenobiotic detoxification enzymes in rat liver
[69]. The preventive action of RO can alternatively be mediated through the induction of detoxification enzymes
[33]. However, RO was more effective than AG at preventing liver damage. Histological and AST changes were
prevented to greater extent in rats pretreated with RO than in rats pretreated with AG. The high reducing

capacity (FRAP assay) of RO extract observed here could contributed in its higher protective effect.

5. Conclusion

In conclusion, the result of the present study suggests an effective strategy to abate VPA-induced hepatic injury.
Both of AG and RO act via antioxidant capacity of active phenolic compounds to restore liver function and

integrity and to synergize with antiepileptic effects.

6. Conflict of Interests

The authors declare that there is no conflict of interests.

Acknowledgment

The authors would like to thank Mrs. Hanan Mohamed Mehney, at Department of Hormone Evaluation,
NODCAR, Egypt, for her excellent technical help. AG and RO were botanically authenticated by Dr. Nael M.

Fawzi, Flora and Taxonomy Department, Agricultural Research Center, Giza, Egypt.

References

[1] D.C. Lagace, W.T. O’Brien, N. Gurvich, M.W. Nachtigal, P.S. Klein, Valproic acid: how it works. Or
not., Clinical Neuroscience Research, 4 (2004) 215-225.

[2] K. Sato, Y. Ueda, K. Ueno, K. Okamoto, H. lizuka, S. Katsuda, Hepatocellular carcinoma and
nonalcoholic steatohepatitis developing during long-term administration of valproic acid, Virchows
Archiv, 447 (2005) 996-999.

[3] A. Verrotti, G. Di Marco, R. La Torre, P. Pelliccia, F. Chiarelli, Nonalcoholic fatty liver disease during
valproate therapy ,European journal of pediatrics, 168 (2009) 1391-1394.

[4] K. Begriche, J. Massart, M.-A. Robin, A. Borgne-Sanchez, B. Fromenty Drug-induced toxicity on
mitochondria and lipid metabolism: mechanistic diversity and deleterious consequences for the liver , .
Journal of hepatology, 54 (2011) 773-794.

[5] J. Pourahmad, M.R. Eskandari, M. Kaghazi, F. Shaki, F. Shahraki, J.K. Fard, A new approach on
valproic acid induced hepatotoxicity: Involvement of lysosomal membrane leakiness and cellular
proteolysis. , Toxicology in Vitro 26 (2012) 545-551.

[6] V. Tong, X.W. Teng, T.K. Chang, F.S. Abbott, Valproic acid I: Time course of lipid peroxidation
biomarkers,liver toxicity, and valproic acid metabolite level in rats, Toxicol. Sci, 86 (2005) 427-435.

[7] B.B. Sokmen ,S. Tunali, R. Yanardag, Effects of vitamin U (S-methyl methionine sulphonium
chloride) on valproic acid induced liver injury in rats, Food and Chemical Toxicology, 50 (2012) 3562—

176



International Journal of Sciences: Basic and Applied Research (IJSBAR) (2016) Volume 30, No 3, pp 163-180

3566.

[8] M.A. Abdel-Dayem, A.A. Elmarakby, A.A. Abdel-Aziz , C. Pye, S.A .Said, A.M. EI-Mowafy,
Valproate-Induced Liver Injury: Modulation by the Omega-3nFatty Acid DHA Proposes a Novel
Anticonvulsant Regimen., Drugs R D, (2014.(

[91 A.A. Hamza, F. El Hodairy, A.M. Badawi, Safranal ameliorates sodium valproate-induced liver
toxicity in rats by targeting gene expression, oxidative stress and apoptosis, Journal of Biomedical and
Pharmaceutical Research, 4 (2015) 46-60.

[10] K.H. Schulpis, C. Lazaropoulou, S. Regoutas, G.A. Karikas, A. Margeli, S. Tsakiris, I. Papassotiriou,
Valproic acid monotherapy induces DNA oxidative damage, Toxicology 217 (2006) 228-232.

[11]U. Yis, E. Seckin, S.H. Kurul, F. Kuralay, E. Dirik, Effects of epilepsy and valproic acid on oxidant
status in children with idiopathic epilepsy, Epilepsy research, 84.237-232 (2009)

[12]M. Jurima-romet, F.S. Abbott, W. Tang, H.G. Huang, Cytotoxicity of unsaturated metabolites of
valproic acid and protection by vitamins C and E in glutathione-depleted rat hepatocytes. , Toxicology,
112 (1996) 69-85.

[13]1.L. Bykov ,t. Mal, A.N., V.A. Gurinovich, L.I. Nefedov, Biochemical basis of valproic acid
toxicity:role of oxidative stress and effects of L-carnitine, Biomed.Khim., 50 (2004) 384-389.

[14]G.Q. Zheng, P.M. Kenney, J. Zhang, L.K. Lam, Chemoprevention of benzo (a) pyrene-induced
forestomach cancer in mice by natural phthalides from celery seed oil, Nutrat. Cancer, 19 (1993) 77-86.

[15]J. Kitajima, T. Ishikawa, M. Satoh, Polar constituents of celery. , Phytochemistry, 64 (2003) 1003-
1011

[16] S. Sultana, A. Salahuddin, J. Tamanna, S. Sharma, Inhibitory effect of celery seed extract on
chemically induced hepatocarcinogenesis:modulation of cell proliferation, metabolism and altered
hepatic foci development. , Cancer lett., 221 (2005) 11-20.

[171H. Haraguchi, T. Saito, N. Okamura, A. Yagi, Inhibition of lipid peroxidation and superoxide
generation by diterpenoids fron Rosemarinus officinalis., Planta . Med., 61 (1995) 333-336.

[18]H.H. Zeng, P.F. Tu, K. Zhou, H. Wang, B.H. Wang, J.F. Lu, Antioxidant properties of phenolic
diterpenes from Rosmarinus officinalis., Acta Pharmacol.Sin., 22 (2001) 1094-1098.

[19]E. Ibanez, A. Kubatova, F.J. Senorans, S. Cavero, G. Reglero, Subcritical water extraction of
antioxidant compounds from rosemary plants., J.Agric.Food Chem., 5.382-375 (2003) 1

[20]S. Munne-Bosch, K. Schwarz, L. Alegre, Enhanced Formation of alpha-Tecopherol and highly
oxidixed Abietane diterpenes in Water-Stressed Rosemary, Plants, 121 (1999) 1047-1052.

[21] G.V. Satyavati, M.K. Raina, Medicinal Plants of Indi, Indian Council of Medical Research.New
Delhi, India, 1976.

[22]R.A. Momin, M.G. Nair, Antioxidant, cyclooxygenase and topoisomerase inhibitory compounds from
Apium graveolens Linn.seeds. , Phytomedicine, 9 ( 2002) 312-318.

[23]J.a. Jeyabalan, F.b .Aqil, L.a. Soper, D.J.c. Schultz, R.C. Gupta, Potent Chemopreventive/Antioxidant
Activity Detected in Common Spices of the Apiaceae Family Nutrition and Cancer, 67 (2015) 1201-
1207.

[24]A. Singh, S.S. Handa, Hepatoprotective activity of Apium graveolens and Hygrophila auriculata

against paracetamol and thioacetamide intoxication in rats., J. Ethnopharmacol., 49 (1995) 119-126.

177



International Journal of Sciences: Basic and Applied Research (IJSBAR) (2016) Volume 30, No 3, pp 163-180

[25]B. Ahmed, T. Alam, M. Varshney, S.A. Khan, Hepatoprotective activity of two plants belonging to the
Apiaceae and the Euphorbiaceae family., J. Ethnopharmacol., 79 ( 2002) 313-316.

[26]D. Tsi, B.K.H. Tan, Lipid-lowering activity of aqueous celery extract and its fractions in
hypercholesterolaemic rats and mice., Med. Sc.i Res.,, 25 (1997) 673-675.

[27T1M. Whitehouse, D .Butters, M. Clarke, K. Rainsford, NSAID gastropathy: prevention by celery seed
extracts in disease-stressed rats, Inflammopharmacology, 9 (2001) 201-209.

[28] T. Aydemir , S. Becerik, Phenolic content and antioxidant activity of different extracts from Ocimum
basilicum, Apium graveolens and Lepidium sativum seeds., Journal of Food Biochemistry 35 (2011)
62-79.

[29] A.A. Hamza, A. Amin, Apium graveolens modulates sodium valproate-Induced reproductive toxicity
in rats, Journal of Experimental Zoology 307A.206-199 (2007)

[30]F. Fahim, A. Esmat, H. Fadel, K. Hassan, Allied studies on the effect of Rosemarinus officinalis L.on
experimental hepatotoxicity and mutagenesis. , Int.J.Food.Sci.Nutr., 50 (1999) 413-427.

[31] A. al-Hader, Z. Hasan, M. Agel, Hyperglycemic and insulin release inhibitory effects of Rosmarinus
officinalus., J. Ethnopharmacol., 43 (1994) 217-221.

[32]P.C. Dias, M.A. Foglio, A. Possenti, J. Carvahlo, Antiucerogenic activity of crude hydroalcoholic
extract of rosmarinus officinalis., J .Ethnopharmacol., 69 (2000) 57-62.

[33]J.1. Sotelo-Felix, D. Martinez-Fong, P. Mureil De laTorre, Protective effect of carnosol on CCI(4)-
induced acute liver damage in rats. , Eur. J. Gastroenterol.Hepatol., 14 (2002) 1001-1006.

[34]B. Zegura, D. Dobnik ,M.H. Niderl, M. Filipi, Antioxidant and antigenotoxic effects of rosemary
(Rosmarinus officinalis L.) extracts in Salmonella typhimurium TA98 and HepG2 cells. |,
Environmental Toxicology and Pharmacology 32 (2011) 296-305.

[35]S.M. Petiwala, J.J. Johnson, Diterpenes from rosemary (Rosmarinus officinalis): Defining their
potential for anti-cancer activity, Cancer letters, 367 (2015) 93-102.

[36] A.-V. Ferlemi, A. Katsikoudi, V.G. Kontogianni, T.F. Kellici, G. latrou, F.N. Lamari, A.G. Tzakos, M.
Margarity, Rosemary tea consumption results to anxiolytic-and anti-depressant-like behavior of adult
male mice and inhibits all cerebral area and liver cholinesterase activity; phytochemical investigation
and in silico studies, Chemico-biological interactions, 23.57-47 (2015) 7

[37TM. Joyeux, A. Roland, J. Fleurentier, F. Mortier, P. Dorfman, Tert-Butyl hydroperoxide induced injury
isolated rat hepatocytes: amodel for studying anti-hepatotoxoxic crude drugs., Planta . Med., 56 (1990)
171-174.

[38]C. Hoefler, J .Fleurentier, F. Mortier, J. Pelt, J. Guillemain, Comparative choleretic and
hepatoprotective properties of young sprouts and total plant extracts of Rosemarinus officinalis in rats.,
J. Ethnopharmacol., 19 (1987) 133-143.

[39] A. Raskovié, I. Milanovié \N. Pavlovié, T. Cebovié, S. Vukmirovié, M. Mikov, Antioxidant activity of
rosemary (Rosmarinus officinalis L.) essential oil and its hepatoprotective potential, BMC
complementary and alternative medicine, 14 (2014) 1.

[40]A. Amin, A.A. Hamza, Hepatoprotective effects of Hibiscus, Rosmarinus and Salvia on azathioprine-
induced toxicity in rats Life Sciences, 77 (2005) 266-278.

[41]E. Olfert, B. Cross, A. Mc William, Canadian Council on Animal Care, Guide to the care and use of

178



International Journal of Sciences: Basic and Applied Research (IJSBAR) (2016) Volume 30, No 3, pp 163-180

experimental animals. , (1993)

[42]S.P. Wang, K.J. Huang, Determination of flavonoids by high-performance liquid chromatography and
capillary electrophoresis. , J Chromatogr., 1032 (2004) 273-279.

[43]H. Draper, A.N. Hadley, Malondialdehyde determination as index of lipid peroxidation., in: L. Packer,
A. Glazer (Eds.) Method in enzymology, Academic press., 1990.

[44]M. Uchiyama, M. Mihara, Determination of malonaldehyde precursor in tissues by thiobarbituric acid
test., Anal. Biochem., 86 (1978) 271-278.

[45]1. Dalle-Donne, R .Rossi, D. Giustarini, A. Milzani, R. Colombo, Protein carbonyl groups as
biomarkers of oxidative stress., Clin. Chim. Acta 329 (2003) 23-38.

[46] A.Z. Reznick, L. Packer, Oxidative damage to proteins: spectrophotometric method for carbonyl
assay., Methods Enzymol. , 233- 375-363 (1994)

[47]1.F. Benzie, J.J. Strain, The ferric reducing ability of plasma (FRAP) as a measure of (antioxidant
power): the FRAP assay. , Anal. Biochem., 293 (1996) 70-76.

[48] G.L. Peterson, A simplification of the protein assay method of Lowry et al., which is more generally
applicable., Anal. Biochem . 83 (1977) 346-356.

[49] B. Grasl-Kraupp, B. Ruttkay-Nedecky, H. Koudelka, K. Bukowska, W. Bursch, R. Schulte-Hermann,
In situ detection of fragmented DNA (TUNEL assay) fails to disciminate among apoptosis, and
autolytic cell death : a cautionary note. , Hepatology, 21 (1995) 1465-1468.

[50] M. Gomez-Lazaro, F.J. Fernandez-Gomez, J. Jordan, P53:twenty five years understanding the
mechanism of genome protection. , J.Physiol.Biochem., 60 (2004) 287-307.

[51]D. Szoke, S.F. Spisak, B. Molnar, Z. Tulassay, The p53 gene and protein in 2005: new results,
promising opportunities. , Orv.Hetil., 146 (2005 ) 1587-1594.

[52]S. Peng, M. Zhao, Pharmaceutical bioassays: methods and applications, in, John Wiley & Sons, 2009,
pp. 237- 248.

[53]M.M. Safar, D.M. Abdallah, N.M. Arafa, M.T. Abdel-Aziz, Magnesium supplementation enhances the
anticonvulsant potential of valproate in pentylenetetrazol-treated rats, Brain research, 1334 (2010) 58-
64.

[54] M. Sobaniec-Lotowska, W. Sobaniec, W. Kulak, Rat liver pathomorphology during prolonged sodium
valproate administration. , Mater. Med.Pol., 25 (1993) 9-12.

[55] E. Hauser, R. Seidl, M. Freilinger, C. Male, K. Herkner, Hematologic manifestations and impaired
liver synthetic function during valproate monotherapy. , Brain Develop., 18 (1996) 105-109.

[56] T.A. Rugino, Y.M. Janvier, J.M. Baunach, C.A. Bilat, Hypoalbuminemia with valproic acid
administration. , Pediat.Neuro., 29 (2003) 440-444.

[57TN.A .El-Shinnawy, The therapeutic applications of celery oil seed extract on the plasticizer di (2-
ethylhexyl) phthalate toxicity, Toxicology and industrial health, 31 (2015) 355-366

[58] F.M El-Demerdash, E.A. Abbady, H.H. Baghdadi, Oxidative stress modulation Rosmarinus officinalis
in creosote-induced hepatotoxicity, Environmental toxicology, 31 (2014) 85-92.

[59] J.P. Fruehauf, F.L. Meyskens, Reactive oxygen species: a breath of life or death?, Clinical Cancer
Research, 13 (2007) 789-794.

[60] M.G. Neuman, N.H. Shear, P.M. Jacobson-Brown, G.G. Katz, H.K. Neilson, .M. Malkiewicz, R.G.

179



International Journal of Sciences: Basic and Applied Research (IJSBAR) (2016) Volume 30, No 3, pp 163-180

Cameron, F. Abbott, CYP2E1l-mediated modulation of valproic acid-induced hepatotoxicity.,
Clinic.Biochem., 34 (2001) 211-218.

[61] A. Phillips, T. Bullock, N. Plant, Sodium valproate induces apoptosis in the rats hepatoma cell line,
FaO., Toxicology, 192 (2003) 219-227.

[62] R.J. Steele, D.P. Lane, P53 in cancer: a paradigm for modern management of cancer, Surgeon,, 3
(2005) 197-205.

[63] D. Slamenovéa, E. Horvathova, Z. Kovacéikova, K. Kozics, L. Hunakova, Essential rosemary oil
protects testicular cells against DNA-damaging effects of H 2 O 2 and DMNQ, Food Chemistry, 129
(2011) 64-70.

[64] K. Razavi-Azarkhiavi, J. Behravan, F. Mosaffa, S. Sehatbakhsh, K. Shirani, G. Karimi, Protective
effects of aqueous and ethanol extracts of rosemary on H202-induced oxidative DNA damage in
human lymphocytes by comet assay, Journal of Complementary and Integrative Medicine, 11 (2014)
27-33.

[65] I. Borras-Linares, A. Pérez-Sanchez, J. Lozano-Sanchez, E. Barrajon-Catalan, D. Arrdez-Roman, A.
Cifuentes, V. Micol, A.S. Carretero, A bioguided identification of the active compounds that contribute
to the antiproliferative/cytotoxic effects of rosemary extract on colon cancer cells, Food and Chemical
Toxicology, 80 (2015) 215-222.

[66] K.H. Miean, S. Mohammed, Flavonoid ( myricetin, Quercetin, Kaempferol, luteolin, and apigenin)
content of edible tropical plants. , J. Agri. Food Chem., 49 (2001) 3106-3112.

[67] G.P. Amaral, N.R. de Carvalho ,R.P. Barcelos, F. Dobrachinski, R. de Lima Portella, M.H. da Silva,
T.H. Lugokenski, G.R.M. Dias, S.C.A. da Luz, A.A. Boligon, Protective action of ethanolic extract of
Rosmarinus officinalis L. in gastric ulcer prevention induced by ethanol in rats, Food and Chemical
Toxicology, 55 (2013) 48-55.

[68] V. Jakovljevic, A. Raskovic, M. Popovic, J. Sabo, The effect of celery and parsley juices on
pharmacodynamic activity of drugs involving cytochrome P450 in their metabolism. , Eur. J. Drug
Merab.Pharmacokinet, 27 (2002) 153-156.

[69] P. Debersac, M.F. Verneva, M.J. amiot, M. Suschetet, M.-H. Siess, Effect of awater soluble extract of
rosemary and its purified component rosemarinic acid on xenobiotic-metabolizing enzymes in rat liver.
, Food .Chem. Toxicol, 3 117-109 (2001).

180



	Apium Graveolens and Rosmarinus Officinalis Protect from Liver Toxicity Induced by Sodium Valproate in Rats and Potentiate its Anticonvulsant Activity on Pentylenetetrazol-Treated Rats

