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ABSTRACT

Paracetamol (APAP-Acetaminophen) has been usedsxély as antipyretic drug. The purpose of thiglgtwas
to evaluate the ameliorative role of silymarin oréhNigella sativa extract against APAP-induced ijpielemia in

male mice at the biochemical, levels. The mice wdéreled into seven groups (10/group). The firsbugr was
served as control. While, the second group wadecewith dose of APAP. The third and fourth growgse treated
with silymarin alone and Nigella sativa extract aéorespectively, the fifth and sixth groups weesated with
combination of APAP with silymarin and APAP withgélla sativa extract respectively. The seventh groas
treated with combination of both ameliorative compds (Silymarin and Nigella sativa extract) withA#Pand all

animals were treated for a period of 30 days. Expeso APAP at the treated dose to mice led tolgerraation of

lipid function parameters, increase the TG, totablesterol, LDL and vLDL levels, decreased HDL legewell as
decreased SOD and CAT, while increasing MDA in higssues homogenates in APAP treated group. Thetefof
APAP on the biochemical parameters of mice were-dependent. Administration of silymarin or/and ellig

sativa extract to APAP-treated mice alleviate tba&idity of APAP, and this appeared clearly by biecical

improvement of lipid profile picture. But, the aliation is more pronounced with the both antioxigarThus, the
pronounce effect of silymarin and Nigella sativérast is most effective in reducing the toxicitgduiced by APAP
and improving the lipid profile of male mice.
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INTRODUCTION

Acetaminophen (paracetamol - APAP) is a derivatif’para-aminophenol used as an analgesic and agtiipgrug
belonging to the Para-aminophenol class of thestersidal anti-inflammatory drugs (NSAIDs) [1].

APAP is quickly absorbed from the gastric intedtinact and reaches peak serum levels in 1- 4 hédttsough it is
safe at therapeutic doses.[2]

APAP distributes throughout most tissues and fluidaching a tissue: plasma concentration ratiabofut unity in

all tissues except fat and cerebrospinal fluid. Whibrmal therapeutic dose, APAP is slightly bouadptasma
proteins; only 20 to 50% may be bound at the canaBans encountered during acute intoxication [3].
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The seeds dfl. sativahave been subjected to a range of pharmacologicgiochemical and nutritional investigations
in recent years .It has been shown to contain rir@me 30 %{Av) of a fixed oil with 85 %of total unsaturated fatt
acid [4]

Nigella sativaseeds decrease the serum total lipids and bodyhtvigigats [5], decrease the fasting plasma glucose
in rabbit, increase serum total protein, and showeetic and hypotensive effects in spontaneougpehensive rat

[6].

There is some scientific evidence for the hypobpiit effect of black seed as its oil [6], extractome pure compounds
such as TQ [7]Moreover, the effect oN. sativaon serum or tissue lipid peroxidation and antiamtdstatus has been
studied previously with inconsistent results J8bwever, to date; little attention has been paithteffects of whole or

crushed black seed on serum lipid profile and dti@rhemical parameters.

Silybum marianunfMilk thistle) has been used to treat liver digsesince the 16th century .Ilts major constituergshee
flavonoids silibinin, silidianin, silichristin, anidosilibinin of which silibinin is the biologicgllmost active compound and
used for standardisation of pharmaceutical prodagts

In addition, as antioxidant, silymarin regulateg ihtracellular contents of the reduced glutathi¢@&H) and
Chelates metal ions (iron and copgdRecently silymarin received attention due to Iteraative beneficial activities
as hypocholestrolimic and cardiprotective agen}.[10

EXPERIMENTAL SECTION

2.1. Chemicals

APAP (APAP, N-acetyl-p-aminophenol) was purchasednfthe Egyptian International Pharmaceutical Ihides
Company (EIPICO); Silymarin was obtained from "Smml®harmaceutical Co-6-october city. Egypt. Nigella
Sativaseeds were purchased from a local herb storeanittir degree of quality assurance. Seeds wereeagatsh
remove sand and other debris and air-dried andyfpmvdered with an electric microniser accordingraditional
mode of preparation [11]. Crude extract was obthibg the maceration of 800gm of these seeds bynigoih
distilled water (1200ml) for 24h and filtered thgiumuslin [12]. After 24h, the aqueous extract iliered,
concentrated at room temperature [13] then theddedract was stored af@ until use).,other chemicals and
reagents were of the highest analytical grade aatkvbought from standard commercial suppliers ardew
purchased from Roche (Germany).

2.2. Animals

SWR albino male mice weighing approximately 30-3%gre obtained from Animal breeding house, King Fahd
Center for medical research, king Abdul-Aziz Unsigr. The animals were maintained in solid bottom shoe
boxtype polycarbonate cages with stainless stee-bar lids, using a wooden dust-free litter a®dding material.
Animals were located in air-conditioned room andevallowed free access to pellet diet and tap watea week
before starting the experiment. The European ConitjhnDirective (86/609/EEC) and National rules oriraal care
have been followed. After 2 weeks of acclimationijnzals were randomly divided into seven groups with
animals in each one as following.Groupslwas seagedntreated control (1ml/kg of physiological sa)inGroup 2
was treated with paracetamol (2 g/Kg; Chen etl],[Group 3 was treated with silymarin (50 mg/Ktgle et
al.,[15] Group 4 was treated witNigella sativaextract (0.25gm/100gSchleicher and Salghl]. Group 5 was
treated with paracetamol and silymarin respectiv@lsoup 6 was treated with paracetamol &lgella sativaand
the final #'group was treated with paracetamol followed byrsilyin andNigella sativarespectively. All the groups
were treated orally for 30 successive days.

2.3. Collection of blood samples

At the end of experimental period, blood samplesheffasted mice were collected from the medialoretbital
venous plexus immediately with capillary tubes (Mitlematocrit Capillaries, Mucaps) under ether tHressd16].
Then, the blood was centrifuged at 3000 rpm fonml® and serum was collected for different biochehamalyses.

2.4. Lipid profile determination

The serum total cholesterol (TC) and triglyceri€6) were determined by the method@drr et al.[17]. High
density lipoprotein-cholesterol (HDL-c) was detemed according to the methods Wfarnick et a[18]. Serum
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LDL-cholesterol (LDL-c) level was calculated accioigi to Friedewald[19] formula: Very low density lipoprotein
cholesterol (VLDL-c) levels were calculated by ugitme following formula ofPrakasam et al[20]: VLDL-c =
triglyceride/5.LDL-c = Total cholesterol — (HDL-c Triglyceride)/5.

2.5. Preparation of tissues for measurement of oxédive/ antioxidant parameters

The tissues of heart were used for the analysiaximfative stress and antioxidant parameters. Roialissection,
tissues were perfused with a 50 mM (sodium phospbatfer saline (100 mM NBPO,/NaH,PO,) (pH 7.4) and
0.1 m ethylenediaminetetraacetate (EDTA) to renawered blood cells and clots. Then tissues wenedgyenized
in 5 mL cold buffer per gram tissue by a PottetveBjem type homogenizer. The homogenate was tegéd at
10,000 x g for 20 min at 4 ° C, and the resultaptesnatant transferred into Eppendorf tubes andepved in a
deep freezer until used. The supernatant was usethdé determination of some biochemical parameatéisser

tissues.

2.6. Lipid peroxidation assay

The extent of LPO was estimated as the concentratiathiobarbituricacid reactive product MDA by ngi the
method ofOhkawa et al.[21]. MDA concentrations were determined using,13,B-tetraethoxypropane as standard
and expressed as micromoles per gram of tissue.

2.7. Antioxidant enzymes

SOD activity was measured according to the metlestribed byMarklund and Marklund[22] in which pyrogallol
underwent autoxidation at 440 nm for 3 min. Ond ohiISOD activity was calculated as the amountrotgin that
caused 50% pyrogallol autoxidation inhibition. TR®D activity was expressed as units per gram tisBaéore
determination of the CAT activity, samples wereutil 1:9 with 1% Triton X-100 (v/v). CAT activity as
measured according to the method described\ddyi, [23]. The hydrolysis of bD,and the resulting decrease in
absorbance at 240 nm over a 3-min period at 25/a€ measured. CAT activity was expressed as uaitgm@mm
tissue.

2.8. Measurement of enzymes involved in glutathionmetabolism

The GPx activity was measured by the methotlafeman et gJ24].The reaction mixture contained 0.5 mL of 0.4
M sodium phosphate buffer (pH 7.0) and 0.4 mM ED$épplemented with 0.25 mL of sodium azide (1 m043,

mL of GSH (2 mM) and 0.25 mL of distal water. Abotits mL of homogenate was added and allowed to
equilibrate for 5 min at 37 ° C. The reaction waitiated by adding 0.5 mL of @, (1.25 mM). Absorbance at 340
nm was recorded at 1, 3, and 6 min. The activitEBik was expressed in terms of nanomoles GSH cat yer
minute per gram of tissue (U/g).

The GRXx activity was measured by the methotiafeman et al.[24].The reaction mixture contained 1.2 mL of 67
mM sodium phosphate buffer (pH 7.0), 0.2 mL of sadiazide (1 mM) and 0.1 mL of oxidized glutathiqfieb
mM). Homogenate (0.5 mL) was added and allowedqtdlibrate for 5 min at 37 ° C. Reaction was ingid by
adding 0.25 mL of reduced nicotinamide adenine adeuatide phosphate (NADPH) (2 mM). Absorbance & 8¢
was recorded at 1, 2 and 3 min. The activity of Gis expressed in terms of micromoles-mol GSH predper
minute per gram of tissue (U/g).

2.9. Statistical analysis

Statistical analysis was performed using SPSS fiomddivs version 17.0. Data was given in the fornarthmetical
mean values + standard error (S.E). Differencewéxt groups were evaluated by one-way ANOVA acoorth p
< 0.05 and post-hoc Duncan test. For each histcdbgiarameter, a score has to be performed anglgzmumber
of different histological sections in each organ éach animal and then the median value has taloelated for
each group; finally a comparison could be done bgrai-quantitative test using SPSS.

RESULTS

3.1. Lipid profile assessments

The triglycerides increased significantly in pataceol treated group, but significantly decrease®®y and 2.72
fold in the groups treated with the silymarin aXigella sativaextract respectively when compared with control
group (Table 1).Meanwhile combination between (petamol ,silymarin andNigella sativa extract have
ameliorated triglycerides level as compared witintoa group (Fig.1). Serum total cholesterol lewéINigella
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sativa extract groups was non-significantly increased .492% when compared with control group. In the

paracetamol-treated group, the total cholestersl wereased by 61.11foldincrease when comparedriva (Fig.

1). Treatment the mice with 1000 mg/kg paracetawith the combination of silymarin ardigella sativaextract
decreased the activity of TC more than each comp@@parately. The same observation has been noticidwe
LDL and vLDL activities that increased by givingetdose of paracetamol and decreased by the treatheach
antioxidant separately (Fig. 2) and this adverselthat happened in HDL level in paracetamol tréaeoup and in

combined groups with both antioxidants.

Table 1: Changes of serum lipid functions in male e treated with silymarin, Nigella sativa extract and paracetamol separately or in

combination
Groups T”%'T{;%;;jes T°ta'(§g%‘|’)5te’°' HDL(g/dl) | LDL(g/dl) |VLDL(g/dl)
Control group 73.33+4 55 66.50+4.29 37.16+1.28% | 18.60+3.6% | 14.66+0.93
Acetaminophen (Paracetamol) 115.00+0.42 171.00+3.18 29.33+0.98 | 65.21+2.08 | 23.00+0.8%
Silymarir 66.333.1" 71.08+2.9¢ 37.16+1.2° | 16.02+1.02° | 13.26+0.6°
Nigella sativi extrac 71.33+£3.4¢ 68.16+2.4! 38.66+0.8F | 18.02+1.5:* | 14.26+1.0°
Acetaminophen + Silymarin 90.33+437]  97.16+2.28 30.1620.90 | 43.08+3.28 | 18.06+0.38
Acetaminophen Nigella sativaextract 85.66+2.75 93.3345.05 31.16+0.90 | 40.25+1.28 | 17.13+1.02
Acetaminophen + SilymarinNigella sativaextract| 84.60+0.42 82.50+2.41 33.16+0.60 | 31.25+3.25 | 16.92+1.65
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Fig (1): Changes of Triglycerides and Total cholestol levels in male mice treated with silymarin omNigella sativa extract or both of them
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Fig (2): Changes of serum (HDL, LDL and vLDL) leve$ in male mice treated with silymarin orNigella sativa extract or both of them
with paracetamol. Values are expressed as means E;3$ = 10 for each treatment group
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3.2. Oxidative and antioxidant responses

As shown in Table 2 and Fig.3, the data showedtthatment with paracetamol caused a significaotedese in the
activity of SOD in Heart tissue homogenates. Adstiation of silymarin caused non-significant in@ean SOD
activity in heart tissues as compared with thoseaiftrol mice. Meanwhile, significant increase vadiserved in
Nigella sativatreated group as compared to control group. Intiadg a significant recovery relating to SOD was
observed in response to the presence of eithenaiin orNigella sativaextract or both with paracetamol in the
tested tissues. However, co-administration of silsim or Nigella sativaextract with paracetamol increased the
SOD activity in tested heart tissues but still &ethan administration of paracetamol alone.

The CAT activity decreased after paracetamol treatmin the examined tissue (Heart) (Figure.3). The
administration of either silymarin d¥igella sativaextract non-significantly increased the CAT adyivin heart
tissues as compared with the control group. Thetrirent of the mice with silymarin amdigella sativaextract in
combination with paracetamol elevated the CAT dgtivn heart tissues as compared with paracetansilymarin

or paracetamol Nigella sativaextract.

The activity of GPx was significantly decreasedhiart tissues of mice treated with paracetamol 9% % as
compared with the control group (Table 2).Treatmehtthe animals with silymarin caused slight sigraht
decrease in the activity of this enzyme as compaiitiu control group. Meanwhile\igella sativaextract treated
group induced non-significant decrease in GPX #ms/ as compared with normal control group. Whihe
presence of silymarin d¥igella sativaextract in combination with paracetamol minimizhd observed alterations
in the examined enzyme activity induced by paranetaintoxication in the examined tissues. Thus ¢hesas
elevation in GPX activity after administration afth silymarin andNigella sativaextract, respectively.

As shown in Table (2), treatment of the mice withrgzetamol caused a significant decrease (p < 0n08)e
activity of GRX in heart tissues as compared wibimtool animals. Administration of silymarin d¥igella sativa
extract alone caused non-significant decrease X @GRivity respectively as compared with controlcmi In
addition, a significant recovery relating to GRXsaabserved in response to the presence of silynaadiNigella
sativaextract in combination with paracetamol which sedvamelioration in the enzyme activity as compavih
paracetamol treated group only.

SOD (W/g) == CAT (U/g) == MDA (nmol/g)
= GPX (W/g) Em GR (U/g)
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Fig (3): Changes of antioxidant parameters in livehomogenates in male mice treated with Silymarin oNigella sativa extract or both of
them with paracetamol. Values are expressed as mea# SE; n = 10 for each treatment group
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Table 2: Changes in superoxide dismutase (SOD), Gdase (CAT), Malondialdhyde (MDA) , Glutathione reductase (GR) and
Glutathione peroxidase (GPX) activities of (Heart lomogenates) in male mice treated with Silymarin\igella sativa extract and
paracetamol separately or in combination

Groups SOD (U/g) CAT(U/g) MDA (nmol/g) | GR (U/g) GPX(U/g)
Control group 24.41+1.79| 15.49+0.01 1.14+0.16 9.91+0.7% | 9.04+0.74
Acetaminophen (Paracetamol) 10.59+1.42 4.52+0.08 22.35+0.26 | 2.12+0.48 | 2.99+0.5%1
Silymarin 24.76£1.5% | 15.53+0.03 1.50+0.68 8.99:0.58 | 8.64+0.44
Nigella sativaextract 25.66+1.78| 16.63+0.0% 1.91+0.13 9.90+0.94 | 9.50+1.3%
Acetaminophen + Silymarin 14.62+1922 8.57+0.04 18.30+0.25 | 5.01+0.89 | 3.89+0.82
Acetaminophen Nigella sativaextract 16.05+1.74| 7.72+0.05 19.38+0.3% 4.03+1.56 | 4.83+1.00
Acetaminophen + Silymariniigella sativaextract| 17.25+1.08 | 10.95+0.02 | 12.04+0.28 | 6.77+1.1% | 6.70+1.18

DISCUSSION

The major aim of this work was to evaluate the ptisé benefit of silyamrin andNigella sativa extract
administration on APAP tissue injury, compare ttyrsarin or Nigella sativaextract treatment alone. To our
knowledge, no study has been conducted on thefeoteff silymarin andNigella sativaextract on APAP toxicity

at the biochemical level related to lipid profiletpre as well as antioxidant parameters in heamdgenates of the
mice. This study investigated the ability of sily@mand Nigella sativaextract to alleviate the APAP-induced
hyperlipidemia and oxidative stress in mice. Expesto APAP at the recommended dose to mice lednto a
alternation of lipogram and antioxidant capacitiesrease LDH-c level, increased Triglycerides, Tot@lesterol
and LDL-c and vLDL-c levels as well as increasihg MDA while decreasing SOD, CAT, GPX and GR.

Effect on lipid profile:

The obtained results revealed that administratfoAicetaminophen (paracetamol) in its recommendeskedor 30
successive days afforded significant increases d@rurs triglycerides when compared with control group
Meanwhile,Nigella sativatreated group elicited non-significant decreasgigtycerides level when compared with
normal control group. The administration of Acetaophen (paracetamol) afforded significant increasserum
total cholesterol when compared with control gradpwever, the group treated with combinations byfsarin and
Nigella sativaafforded significant decrease in total cholestiretl when compared with acetaminophen with either
Nigella sativaor silymarin and thus recorded the best amelionatialue in total cholesterol level. The results
revealed that the administration of Acetaminopheargcetamol) elicited a significant decrease imrseHDL-c
when compared with control group. However combiratof acetaminophen (paracetamol) with silymarinl an
Nigella sativaextract exhibited a slight decrease when compueitd control group. This effect was much better
than that produced with acetaminophen (paracetaahmte.

Acetaminophen (paracetamol) treated group showsijraficant increase in serum LDL-c when compardthw
control group. The combination of acetaminopherrgpetamol) and silymarin andigella sativaextract as it
showed a slight significant increase in LDL-C val® compared to normal control group. It was appatteat

treatments of mice with Acetaminophen (paracetanetibited a significant increase in serum vLDL-c emh
compared with control group. The group treated witinbination of acetaminophen, silymarin avigella sativa

extract which showed a significant increase conpari¢h control group.

In agreement with the obtained result&anchana and Sadi@5]reported that paracetamol seems to cause
impairment in lipoprotein metabolism and alsoratiens in cholesterol metabolism. The levels dflebkterol and
triglyceride were significantly increased in partaceol treated rats, when compared to control, slymand
Plumbagozeylanica treated rats.

Similar findings were obtained ganchana and Sadifg5]as they showed elevation of triglycerides lesering
paracetamol intoxication and this could be dumtoeased availability of free fatty acids, deceshlepatic release
of lipoprotein and increased esterification of ffatty acids.

The decreased level of triglycerides total chokedteEDL-vLDL-c obtained in the study as a result tofatments
with silymarin goes hand in hand with the resultsMetwally et al[26]. They reported that administration of
silymarin to high cholesterol fed rats affordedignificant decrease in serum levels of total pittiglycerides,
total cholesterol, LDL-c and VLDL-c as well as HRL-
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Silymarin is a flavonoid found in the herb milk ¢he Silybum marianun{L.). Anderson et al[27] reported that
flavonoids led to an inhibition of cholesterol dyesis, cellular cholesterol esterification, trigljicles and
phospholipids.

A similar result was recorded Hyabhal et al.[28], they showed thaNigella sativapetroleum ether extract
significantly lowered fasting plasma levels of itiswand triglycerides and normalized HDL—cholesténonormal
and diabetic animal models. Our results were iroatance with the previous authors, they reported Nigella
sativaseeds decrease the serum total lipids and bodyhtvigi obsess rat.

Furthermore, our results were reinforced whtélal, [29] who reported thalligella sativaseed have a significant
lowering effect on total cholesterol level and Lbholesterol level.

Le et al.[30] reported that sinchligella sativareduced the total cholesterol level, there is@able decrease in
intracellular cholesterol level which causes anregulation of LDL— receptor. Their results suggemstt Nigella
sativahas a protective role in atherosclerosis duestbypolipidemic activity. The authors added thaatment of
rats with Nigella sativa petroleum extract for 4 weeks afforded loweredlyderides and increased HDL-
cholesterol. Nearly similar results were previoustported byHelal, [29]. They studied thymoquinone (Active
ingredient ofN. sativaseeds) on Doxorubicin-induced hyperlipidemic nephathy in rats. They found that
thymoquinone afforded a significant lowering ofityicerides and total cholesterol.

The obtained results were in full agreement viittDakhakhny et al[31] they reported that wheN. sativawas
administered in a dose of 800mg/kg of rats for &kegeelicited a significant decrease in serum toltallesterol,
LDL-c, triglycerides and a significant elevationdgarum HDL-c level.

The obtained findings were compatible also v8tottova et al[32] they reported that silymarin induced a deceeas
of plasma cholesterol, LDL-c, VLDL-c and increaseHDL-c. These changes are considered to be offibeéne
pharmacological treatment of hypercholesterolemia e removal of LDL by the liver represents oranf the
most important mechanisms regulating the levella$émpa LDLGoldstein and Browrq33].

The LDL activity of normal mice treated with Acetamaphen (paracetamol) for 30 successive days shawved
significant elevation when compared with normal tcoingroup along the entire period of the experitnérhe
increased triglycerides, total cholesterol wer®rgjty supported in the previous mentioned studiégy found
marked increase of serum triglycerides, cholestaral LDL-cholesterol of abnormal lipid profile knowas
dyslipidemia in Acetaminophen (paracetamol) and thay be the main cause of increase risk of caadimyar
disease as evidenced by atherosclerosis and iectdaxly weight which is characterized by low HDLraised
triglycerides and a predominance of small, dense-tParticles and increase in free fatty acids FFAe hepatic
over production of triglycerides is probably a ceqsence of increased flux of glucose and free tatigs.

The increased serum levels of cholesterol in Acetaphen treated mice observed in the present sisdy
compatible with the observationskdijimura et al [34]. They attributed this increase in serum ebtdrol level due
to the increase in the hepatic concentration oty&€o-A used for cholesterol synthesis, which cenfeom
increased oxidation of long chain fatty acids amttéased oxidation of ketogenic amino-acids.

Effect on antioxidant capacities:

The obtained results revealed that administratfqpacacetamol induced significant decrease in SOB®T, GR and
GPX activities and elicited a significant increséIDA level and there is ameliorative role of @tiNigella sativa
extract or silymarin in improving the antioxidarpacities of male mice.

The obtained findings are reinforced Mpusef et al35]They reported that paracetamol treatment ahuse
significant elevation in TBARS levels with simulewus inhibition in the activities of antioxidantzgmes; GST,
GPx, SOD and CAT in rat plasma, liver, kidney, hradiing, heart and testis. Furthermore, it deci&®H content
significantly in rat liver, kidney and lung. Thedeatures might be attributed to the metabolic atibn of
paracetamol, which is considered a major mechaaofsts toxicity.

In accordance with the present results, It was dothat paracetamol trigger a rapid loss of GSH hpid
peroxidation in both livedaeschke et 4B6] and kidneyNewton et a[37]. The basic mechanism of paracetamol
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toxicity in the liver is the covalent binding of &tetyl p-benzoquinone imine (NAPQI), the reactivetabolite of
paracetamol, to sulfhydryl groups of GSH and vasiptoteins and their subsequent oxidatiee et a[38].

On the other hand, several mechanisms were suggexe probable pathways for paracetamol-mediated
nephrotoxicity. These included the oxidative metasbo to NAPQI similar to that in the liver, deacktyon to p-
aminophenol and further oxidation to an aminophgnaxdical and benzoquinone imine, and also involaetithe
hepatically-derived metabolites from paracetam@H3Zonjugategrumper.,[39].

The elevation in TBARS level is an indicator ofidigperoxidation, which has been suggested to sebloelated to
paracetamol- induced tissue dam&gmer et al40]and this finding go hand in hand with our ob&giresults. It
has been proven that hydrogen peroxide and supkrcanion are produced during metabolic activatién o
paracetamol in the CYP450 systeBai and Cederbaum]4l]and from mitochondria during paracetamol
intoxication Knight et al [42]. It has been further suggested that the iggioe of ROS appears as an early event
which precedes intracellular GSH depletion and dathage in paracetamol hepatotoxicity.

The superoxide formation may promote peroxynitgémeration and protein nitration that may furthesutt into
oxidative damage to proteins, DNA and lipilsdel-Zaher et al[43].In addition, both paracetamol and NAPQI can
interact with mitochondria, thereby inducing dejaetof mitochondrial GSH content, decline in ATPhtent, and
uncoupling of the mitochondrial respiratory chawnbined with electron leakag@onnelly et al.[44] and this
explanation is greatly supported by our finding.

Glutathione is a ubiquitous tripeptide presentlircall types in millimolar concentrations. The majoles of GSH
are to maintain the intracellular redox balance smeliminate xenobiotics and reactive oxygen sgeg¢ROS)
Myhrstad et al[45]

The obtained results are completely in agreemettt Malliwell, [46] who showed that they had chosen the liver,
kidney and lung to estimate the changes in GSHusecthey possess a high content of this proteisoiing to
the decline in hepatic, renal and lung GSH contiényas evident that paracetamol-induced toxicityalved a
change in cellular redox status toward a statexifadive stress. A wide variety of oxidizing moléesisuch as ROS
and/or depleting agents can alter glutathione restate, which is normally maintained by the activif GSH-
depleting (GPx ,GST) and GSH-replenishing (GR) emzy. Therefore, it can be assumed that the decire&8H
concentration might cause the effectiveness of G®# GPx activity to be restricted, as evident bg th
intensification of lipid peroxidation.

The fall in catalase activity which proven in oesults indicated a decrease in the antioxidatipacty as well. It
has been shown that the decreased activity of S@&sbe attributed to the consumption of these eesyim ROS
detoxification and also its increasing is due toréased lipid peroxidation. It is also known thati@idant
enzymes can be inactivated by lipid peroxides amSRalliwell and Gutteridge[47]. Superoxide dismutase is
inhibited by hydrogen peroxide, while GPx and celare inhibited by an excess of superoxide raBigaolet et
al.[48] on the same ground as indicated in our study.

Thus in conclusion lipid peroxidation is supposedause the destruction and damage to cell memdyregasling to
changes in membrane permeability and fluidity ankdagmcing the protein degradation in miEeMegharbel et al.
[49] In the present study, the levels of LPO weraéased, indicating an increase in the generafidree radicals
in the paracetamol treated group and this level dexgeased in other groups treated with silymanid Migella
sativa extract
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