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ABSTRACT

The present study aimed to investigate the hepategtive mechanisms of quercetin and silymarin in
experimentally induced hepatic toxicity in rats. tit@ Albino Wister rats were orally daily treatedthvquercetin
(50 and 100 mg/kg), silymarin (50 mg/kg) for 21ammaive days, then were injected intraperitoneahwWiAA (300
mg/Kg, i.p.) twice with 24 hours interval in thestawo days of the experiment to induce hepatatgxigfterwards,
blood samples were withdrawn from all rats and flitissue were isolated. Sera separated for detemtion of
serum liver function tests. Liver homogenates weetl for assessment of oxidative stress biomaridi@nmatory
cytokines, hepatocellular apoptosis and histopatbmal examinations. Moreover, hepatic DNA fragraéioh
levels were examined calorimetrically by diphenyian (DPA) and electrophoreticaly by agarose gel
electrophoresis. Results of the present study tedeghat oral administration of quercetin (50 an@0Lmg/kg) for
21 days significantly improved the elevated liveryanes (AST and ALT), alkaline phosphatase aatilidirubin
with significant decreased oxidative stress biormeskneasured as malondialdehyde (MDA) , nitric eXidO) and
reduced glutathione (GSH) contents in liver homagenin addition, quercetin decrease the elevatdldmmatory
cytokine; tumor necrosis factor alpha (TNff- nuclear factor kappa beta (NEB) and DNA fragmentation in a
dose dependant manner. Finally, it can be conclutted quercetin displayed a protective effect agaimAA-
induced hepatic toxicity via mechanisms involvihg #alleviation of oxidative stress, antioxidant qutal, and
attenuation of inflammation and inhibition of hepegllular apoptosis.
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INTRODUCTION

Understanding hepatotoxic injury mechanisms haearfrom cellular, functional and molecular studieanimals.
The pathological lesions induced by hepatotoximégyeay be similar to those of liver diseaé€Bs Thioacetamide
(TAA) is an organosulfur compound with chemicalffoda C2H5NS which is classified as a human car@ndg).
Its uses include textile and paper industries hieraprocessing, laboratories and as a stabilizenatbr fuels(3).
Flavin-containing monooxygenase (FMOs) systemscgtachrome P450 (Cytp4ybnetabolized TAA3, 4). In the
liver microsomes, enzymes of Cyt-p450 converts TA® thioacetamide S-oxide (TAASO) and then to
thioacetamide S,S-dioxide (TAASOZ2) and due to akiataprocess it causes oxidative stress that finabvokes
centrilobular necrosis and liver injuf$). TAASO is accountable for the enlargement of muigleshowed rise in
intracellular concentration of Ca, change in gafmeability, and suppressed mitochondrial agtigh) TAASO2
enhance nitric oxide synthase (iNOS) release arudeau factorB (NF-«B), leading to centrilobular necrosis
(7).TAASO2 denatures proteins through modificationhefir charge. Free radicals generated by TAA, @salt of
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lipid peroxidation, may injure different cell). Furthermore, it damages the urea cy(® and ornithine
aminotransferase activity directing to serious gjganin the profile of serum amino agiD).

Herbal medicine becomes a promising approach fatftiheare professions. Plants contain bioactive @mapts
having desirable benefits and are usually knowrdopreventive of various diseases. Quercetin iw@iioid
(polyphenolic compound) bearing a catechol unithenB-ring. It is widely distributed in some fruasd vegetables
as apple, berries, bulbs, citrus fruits, oniongeakgrains, legumes, tea and cacao. Quercetimdsvik to have
several pharmacological actions, including antisimimatory, antioxidant and hepatoprotective effédfls 12).
Quercetin also has the ability to decrease hefipiits and plasma cholesterol, prevent diabeteadad oxidative
stress and save the integrity of pancreatic beétd13).

Silymarin is extracted from “milk thistle” Silyburmarianum(14). It consists of mixture of flavonoid isomers.
Silymarin is used mainly to cure liver dysfunctidile hepatitis, alcoholic cirrhosis (due to drugluced or viral
infections), and hepatic problems associated widlhates(15). Silymarin has powerful free radical scavenging
properties and the ability to enhance anti-oxidifense systems in vi@6). Silymarin showed anti-inflammatory
and anti-metastatic activities; it also has proteceffect against toxicity of chemotherapy andotterapy17) .

The aim of present work is to investigate the gmssijuercetin hepatoprotective mechanisms agaépsithtoxicity
induced by thioacetamide through estimation oéftscts on oxidative stress, inflammatory respaars apoptosis.

MATERIALSAND METHODS

Chemicals

TAA and quercetin were obtained from Sigma-Aldritl§A. Silymarin was obtained from MEPACO, Egypt: al
other chemicals, used throughout the experimente vaé the highest analytical grade available. Kited for
measurement of serum aspartate transaminase (A&ihjpe transaminase (ALT); alkaline phosphata8g; ¢btal
bilirubin levels; hepatic malondialdehyde (MDA):tni¢ oxide (NO) and hepatic reduced glutathione KB 3/ere
purchased from( Biodiagnostic, Egypt). Kit used fioeeasurement of hepatic Tumor necrosis factor-a{jfh-)
was purchased from (Raybiotech, USA). Hepatic rarclactor-kappa beta (NEB) was measured using kit from
(ElAab, China).

Animals

Adult malealbino Wister rats weighing 150-200 gm were obtdifrem the animal house at the National Research
Center (Giza, Egypt), and fed a standard laboratityand tap water ad libitum. Experimental ansnaére housed

in an air-conditioned room at 22-25 °C with a 1@ght/dark cycle. All animals received humane canel the study
protocols were carried out according to the ethigadielines for care and use of experimental arsrapproved by
the Ethical Committee of the National Research @ent

Experimental design After an acclimatization period of one week, fouhgalthy male albino Wister rats were
randomly assigned to five groups of eight ratsgreup and they were treated as follows:

Group 1: received water containing 0.1% Tween 80 orallyXbrdays, (Normal control).

Group 2: received thioacetamide (300 mg/kg, i.p.) twicetm@4 hours interval (positive control) accordindip
Group 3: received silymarin (50 mg/kg, p.o.) according(18) for 21 days and thioacetamide (300 mg/kg, i.p.)
twice with 24 hours interval in the last two daysmjection.

Group 4&5: received quercetin (50& 100 mg/kg, p.o.) accordm(R0) for 21 days and thioacetamide (300 mg/kg,
i.p.) twice with 24 hours interval in the last tways of injection.

Collection of blood samples

At the end of the experimental period; blood sampilere withdrawn from the retro-orbital vein of aanimal,
under light anesthesia by diethyl ether, accordinthe method described §21). Blood was allowed to coagulate
and then centrifuged at 3000 rpm for 15 min. Th&aioled serum was used to estimate the levels of; X&T
activities according to the method @); ALP was determined according to the metho@28]} and total bilirubin
was analyzed by the method(a@8).

Preparation of liver homogenate

Immediately after blood sampling, animals were ifiaed by cervical dislocation under ether anestnesd livers
were collected for biochemical and histopathololgee@aminations. Liver tissues were rapidly remowseshed in
ice-cooled saline. A weighed part of each liver visnogenized, using a homogenizer (Medical instnime
MPW-120, Poland), with ice-cooled saline (0.9% Na@Glprepare 20% w/v homogenate. The homogenatehgas
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centrifuged at 4000 rpm for 5 min. at 4°C usingpaling centrifuge to remove cell debris (Laborzéatren, 2k15,
Sigma, Germany). The aliquot was divided into sarty; the 1st part was used for the assessmenpidf |
peroxidation (LPO) as MDA according to the methdédscribed by Ohkawa et al.; the 2nd part was usethé
determination of the level of NO by the method obrfjomery and Dymock; the 3rd part was used tonesé
GSH by the method of Beutler et al.; the 4th passwsed to estimate Tumor necrosis factor-alphaF{@N
according to the instructions of the manufactutsing (Raybiotech, USA) ELISA kit the 5th part wased to
estimate (NRe B) using (ElAab, China) ELISA kit; and the 6th pavas used to estimate DNA fragmentation
coloremetrically by diphenylamine (DPA) accordiing25) and electrophoreticaly by agarose gel electroplgres

Histopathological examinations

The specimens from the liver were taken and fixacthédiately in 10% neutral buffered formalin, prcsss for
light microscopy to get (Bn) paraffin sections and stained with: HematoxydinEosin (H & E) to verify
histological details.

Statistical analysis

The degree in variability of results was expressganeans + standard error of means (SEM). Data exaleated
by one-way analysis of variance followed by Tukeisiltiple comparisons test. The level of significanwas
accepted at P < 0.05.

RESULTS

Effects on serum hepatic functions biomarkers.

Injection of TAA resulted in a considerable hepatiry as assessed by a significant elevationseium AST,
ALT, ALP and total bilirubin by 78%, 98%, 17% an@% respectively as compared to normal control \alue
Treatment with silymarin exerted a significant dexe in serum AST, ALT, ALP, and total bilirubivédds by 16%,
27%, 12%, and 38%, respectively as compared to TAAtrol group. Administration of quercetin signditly
reduced TAA-induced elevations by 15%, and 17%A81T; 12% and 14% for ALT; 11%, and 14% for ALP; and
22%, and 22% for total bilirubin, respectively iosg-dependent manner, compared to TAA control g(@aple 1).

Effects on hepatic oxidative stress biomarkers.

TAA injection caused a significant elevation in MB¥d NO values as well as significant depletioG®BH value.
Injection of TAA significantly elevated liver MDAral NO contents by 135% and 259% respectively, agpaoed

to normal control values. Treatment with silymasignificantly decreased liver MDA and NO content4#4£6 and
49% respectively, compared to TAA control groupedtment with quercetin showed a significant deeraas
elevated liver MDA by 21%, and 49% (Figure 1A), ad@® by 44% and 51% (Figure 1B) As compared to TAA
control group, respectively. Results showed thalATdgnificantly decreased liver GSH content by 6865 as
compared to normal control group. Treatment witlinsarin significantly increased the hepatic concatin of
GSH by 100% compared to TAA control group. Moregwaratment with quercetin caused a significantdase in
GSH level by 74% and 152% respectively (Figure &€ompared to TAA control group.

Effects on hepatic tumor necrosis factor-alpha (TNF-a) and nuclear factor-«B (NF-x B) levels

TAA injection caused a significant elevationtiapaticTNF-o. andNF-k B content by 585% and 866% respectively,
as compared to normal control values. Treatmertt silymarin significantly decreased liver TNFand NF-« B
content by 54% and 48% respectively, compared t@ TcAntrol group. Treatment with quercetin showed a
significant decrease in elevated liVENF-a by 42%, and 67% (Figure 1E), and NB by 45% and 70% (Figure
1D) As compared to TAA control group, respectively.

Table1: Effect of quercetin (50 and 100 mg/kg) and/or silymarin (50 mg/kg) on serum liver function testsin TAA -induced hepatotoxicity

inrats
Groups/ Dose ALT AST ALP Total bilirubin
p (U/ ml) (U/ ml) (u/L) (mg / dI)
Control 101.3 +2.632 99.5 + 2.502 338.8+4.809 963.£0.116
TAA (300 mg/kg b.wt) 200.8+1.437| 177.1+3.541 | 393.5+1.212 | 3.338+0.1973

Silymarin (50 mg/kg b.wt) 146.2 +5.1%37| 149.1+3.247 | 348.8 +5.652 | 2.083 + 0.0569
Quercetin (50 mg/kg b.wt)|  175.9 +3.7%2| 149.9 +2.98%" | 352.5 +4.67F | 2.593 + 0.0368"
Quercetin (100 mg/kg b.wt) 1719 +3.742] 146.9+2.81F | 340+4.677 | 2.596 £ 0.077%

Data are presented as the mean £ S.E. of (n=8farh group. Statistical analysis was carried oubhg way ANOVA followed by "Tukey's
Multiple Comparison Test® Statistically significant from control group at<€®.05 . ° Statistically significant from TAA—-intoxicated gmat P
<0.05.
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Figure 1: Effect of Quercetin (50 and 100 mg/kg) and/or silymarin (50 mg/kg) on hepatic (A) MDA, (B) NO, (C) GSH, (D) NFk-B, (E)
TNF-a levelsand (F) DNA fragmentation
Data are presented as the mean +S.E. of (n=8g#mh group. Statistical analysis was carried oubhg way ANOVA followed by "Tukey's
Multiple Comparison Test® Statistically significant from control group at<€.05 . ° Statistically significant from TAA—intoxicated gmat P
<0.05.

Effects on hepatic DNA fragmentation levels

Injection of TAA caused a significant elevationtiepaticDNA fragmentation level by 271% compared to normal
control group. Treatment with silymarin significhntlecreased liver DNA fragmentation level by 20&tmpared to
TAA control group. Quercetin showed a significaptrkase in elevated liver fragmentation level b%2hd 34%
respectively, compared to TAA control group (FighiFe.

Figure 2: Electrophoretic analysis of DNA on 2% agar ose gel
Lane 1: control; Lane 2: Sil ; Lane 3: toxic agehgne 4: Q50; Lane5: Q100; M: 100bpDNA ladder (\fitig).

Effects on the hepatic histopathological examination

Liver of control rats showed normal hepatic pargmeh with normally arranged hepatic cords (Figurd. 3a
Whereas, liver of thioacetamide treated rats sko®@emplete loss of architectural organization wittdging
centrilobular necrosis, which extend to involve tnoarts of hepatic lobules. Disorganization of dt@pcords and
dissociation of hepatocytes that appeared atrophidid intensely eosinophilic cytoplasm and pykootiuclei
associated with sinusoidal congestion and hemoerliBiggure 3b) were a characteristic lesions dematest in this
group. Abundant apoptosis (Figure 3c) and focalsiidal dilatation with kupffer cell activation veeralso
demonstrated. Portal area showed congestion ofalpbtbod vessels, biliary hyperplasia and intensetab
mononuclear cell infiltration as well as sporadeciosis of the periportal hepatocytes. On the dthed, low dose
quercetin pre-treated rats showed marked improvenNm bridging necrosis was demonstrated in thisugrand
lesions were restricted to centrilobular coagukathecrosis of hepatocytes which extends to invédwve layers
around central vein (Figure 3d) in addition to ‘eafion of kupffer cells with sinusoidal dilatatiomith mild
leukocytosis and few apoptosis. The histopatholddiEsions were markedly alleviated in high dosergetin pre-
treated rats manifested by marked restoration @htpatic parenchyma with centrilobular necrosiy oestricted
to first two rows of hepatocytes surrounding thata vein (Figure 3e) with minimal apoptosis. Reggion and
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mild improvement of the histopatholgical alterasomere recorded in Silymarin pretreated rats ahdpatocellular
necrosis was limited to the centrilobular area essed with numerous apoptosis (Figure 3f) and sidal
congestion.

T e

Figure 3: liver of (a) control rats showing normal hepatic parenchyma with normally arranged hepatic cords, (b) TAA treated rats
showing disorganization of hepatic cordsand dissociation of hepatocytes that appeared atrophied with intensely eosinophilic cytoplasm
and pyknotic nuclei associated with sinusoidal congestion and hemorrhage and (c) abundant apoptosis, (d) low dose querticin pre-
treated ratsshowing centrilobular coagulative necrosis of hepatocyteswhich extendsto involve few layersaround central vein, (€) high
dose querticin pre-treated rats showing marked restoration of the hepatic parenchyma with centrilobular necrosisonly restricted to first
two rows of hepatocytes surrounding the central vein and (f) Silymarine pretreated rats showing hepatocellular necrosiswas limited to
the centrilobular area associated with numer ous apoptosis (H& E, X40)

o 5 £ NCR DN 2 ~F

DISCUSSION

TAA is close to experimental partial hepatectomyetdbolism of TAA in rat liver by Cyt-P450 system to
thioacetamideS-oxide inducing change in cell permeability, entmgent of nucleoli, increases in intracellularCa
concentration and inhibition of mitochondrial adivthat provokes cell deatfi8). TAA also decreases the protein
contents in the liver through inhibition of amiacids incorporation into liver prote{@6).

In the present study, TAA showed a marked riséénlévels of serum AST, ALT, ALP and total bilirascompared
to the normal rats, which indicating that TAA coulduse a liver damage in the rats. Histopatholbgitady
supported these results that showed complete faashitectural organization with bridging centbldar necrosis,
which extend to involve most parts of hepatic l@sulOur results are in agreement with Yogalakshral. €1) who
observed increase in the activities of AST, ALT, FAland total bilirubin following TAA injection in ta via
substantial liver damage. The elevation of serunT A®d ALT levels might be attributed to releasetludse
enzymes into the blood circulation from the cytepaafter injured liver structural integrit{27). Moreover,an in-
creased activity of ALP may be due to biliary flpathological changd28). Furthermore, the elevation of serum
total bilirubin level may be due to decrease injegation and secretion from the liver or blockafiite ducts.

In our work, daily administration of quercetin silymarin significantly decreased serum AST, ALTL,FAand total
bilirubin levels compared to TAA-intoxicated groupHistopathological study supported these reshis$ showed
restoration of the hepatic parenchyma with decrgasentrilobular necrosis. Liu et §29) found thatquercetin can
protect mouse liver against nickel-induced livemde.

TAA injection significantly elevated liver MDA coett indicating increased lipid peroxidation anddative stress

in liver while significantly decreased liver GSHntent. This may be due to injection with TAA indulkepatic
damage by generation of ROS and suppressed aratitixitefense mechanis(80) Meanwhile, TAA injection,
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showed a significant elevation in liver NO contélrtiis may be due to the formation of NO, which @ases in liver
disease due to activation of L-arginine-NO pathw&tly 32). These results are in line with Naeal.(33).

Administration of quercetin or silymarin signifidindecreased elevated MDA and NO level in lived amcreased
hepatic GSH content. These results may be througlarcetin powerful antioxidant effect and its aityivto
scavenge free radicé4). Ansariet al.(35) reported that quercetin prevent GSH oxidation agpletion owing to
its specific structure, thereby protecting oxidatstress-induced neurotoxicity.

The present results showed a significant increagdespatic TNFe and NF«B levels in TAA-intoxicated group in
comparison with the healthy control group. Thiseffis attributed to induction of inducible nitxide synthase
(INOS) and NF«B as a result of the formation of the reactive roelige of TAA, thioacetamide-S, S-dioxide, that
expresses proinflammatory molecu(@s Our results are in agreement with Bahcecioghl.€86).

Daily administration of quercetior silymarin inhibited the elevation of tumor TNHevel and hepatic NkB level
as compared to TAA-intoxicated group. our resutts ia line with Liu et al.(37) who stated that quercetin can
protect rat kidney against lead-induced inflammateesponse through the inhibition of the ROS-midia
mitogen-activated protein kinases (MAPKSs) and tB-pathway . In addition, ability of quercetin tchibit TNF-a
transcription was attributed to inhibition of signmansduction pathways of MAPK and the redox-siresi
transcription factors and activator protei(38). Quercetin, also, inactivated N& and the inflammatory cytokines
through the Toll-like receptor 2 (TLR2) and the Hli¥e receptor 4 (TLR4) inhibitior(39) and signal transducer
and activator of transcription 1 (STAT1) inhibitiq29).

The findings of DNA fragmentation using the diphlamgine (DPA) assay and gel electrophoresis revethiet] a
significant increase was observed in DNA fragmaaoitain the hepatocytes after TAA administrationsthiay be
due to increased cell death via both apoptosisremndosis(40). These results are supported by histopathological
study that showed abundant apoptosis in liver oATeated group.

Pretreatment with quercetar silymarin inhibited DNA fragmentation when compa to TAA-intoxicated rats. The
obtained results are in accordance with those oédaby Lui et al(41) who found that quercetin is able to protect
rat kidney against lead induced apoptosis and Dbiidatje.

CONCLUSION

Quercetin has a potent hepatoprotetive activitf MA-induced hepatic injury in rats. This preventieffect of
quercetin is due to powerful antioxidant propertai-inflammatory and anti-apoptotic effects.
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