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ABSTRACT

Lipopolysaccharide (LPS) is a major cell wall compat of gram-negative bacteria known to stimuladie t
synthesis and secretion of several toxic metallgach as reactive oxygen species and cytokinekid study, the
protective effect of alpha-lipoic acid (ALA) andeoayme Q10 (CoQ10) were evaluated in LPS-inducedtice
injury in rats. To this end, male adult Sprague Deywrats were divided into five groups; normal cohtLPS
control where rats were injected with an initials#oof LPS (4 mg/kg; i.p.) on th&dhy of the experiment followed
by a challenging dose (2 mg/kg; i.p.) on tHeday, ALA (50 mg/kg), CoQ10 (10 mg/kg) and ALA @o10.
Treatments continued for 15 days and the last tgreeps also received LPS. At the end of the stixay, function
tests, as well as interleukin-6 (IL-6) were estiethtn serum. Liver lipid peroxides (MDA), reducddtathione
(GSH), superoxide dismutase (SOD) and total ardemti capacity (TAC) were also assessed, in additmn
histological examination of liver sections from ghoups. The obtained data revealed that LPS mdykelévated
activities of serum aminotransferases, alkaline qgi@mtase and gamma-glutamyl transferase, as welltaal
bilirubin and interleukin-6 levels. LPS-treated sathowed an increase in MDA liver content versuseiese in
GSH content, SOD activity and TAC. Oral administnatof ALA, CoQ10 and their combination amelioratdeS-
induced increases in liver function enzymes and,llcoupled by hampering of oxidative biomarkersis has
supported by histopathological evaluation resulls. conclusion, administration of ALA, CoQ10 and ithe
combination improved pathological abnormalitiesliver tissues and reversed the deleterious effextsced by
LPS.
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INTRODUCTION

All gram-negative bacteria have an asymmetric ontembrane, in which the inner and the outer leafletformed
by phospholipid and lipopolysaccharide (LPS), resipely [1, 2]. LPS are glycolipids with an ability incite a
vigorous inflammatory response [3, 4]. In humaramagrams of LPS injected into the blood streamreanlt in all
the physiological manifestations of septic shockgp LPS binds to proteins with subsequent adtvabf oxygen
free radicals and pro-inflammatory cytokines [7heTrelease of these toxic mediators is the cortrigufactor to
most of LPS toxicity in liver and in the systemiocalation [8].

Alpha-lipoic acid (ALA) has multifunctional antiodant, as well as, anti-inflammatory effects. Thexajr potential
of ALA has been reported in a variety of disordéms|uding diabetes mellitus, cardiovascular dissaand cancers
[9, 10, 11, 12, 13]. ALA is able to produce itsiaridant effect in aqueous or lipophilic environnenit presents a
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highly negative reduction potential, increasesekgression of antioxidant enzymes and participatéise recycling
of vitamins C and E [14, 15]. Due to these progsitALA is sometimes called the "universal antiaxiti[16].

Coenzyme Q10 (CoQ10), or ubiquinone, is considemed of the natural antioxidants that can be syirbds
endogenously or supplied through food. It existsthie biological membranes of cellular organellaschs as
peroxisomes and lysosomes, and is principally &xtén the inner mitochondrial membrane as parhefalectron
transport chain, which is responsible for adenosiighosphate synthesis [17]. CoQ10 is considerepognt
lipophilic antioxidant; it acts directly with freedicals or as a reducing agent for regeneratitgmins C and E
from their oxidized forms [18]. CoQ10 inhibits thgeneration of reactive oxygen species (ROS) andl lip
peroxidation products [19]. In addition, it exhiianti-inflammatory properties by reducing the aske of pro-
inflammatory cytokines [20].

The present study aimed to investigate the hepatiponse due to LPS injection and to investigatepibssible
hepatoprotective effect of ALA and CoQ10 in thisdabof liver injury.

MATERIALSAND METHODS

1. Animals:

Male Sprague-Dawley rats (weighing 150-200 g) webtained from the animal house of National Orgaiorafor
Drug Control and Research (NODCAR, Cairo, EgypgtsRwvere kept under standardized conditions throuigtihe
period of investigation (23 + 1°C, 55 + 5 % humydéind a 12-h light: 12-h dark cycle). They were fandard
pellet chow and maintained with free access to wa&eimals' procedures were performed in accordamitie the
Ethics Committee of Faculty of Pharmacy, Cairo @nsity (PT 1388).

2. Drugs:

Lipopolysaccharides, from Escherichia coli, seretyph5:B5 was purchased from Sigma-Aldrich (GermaAA
was obtained from Eva Pharma (Cairo, Egypt), an@Q1b was obtained from MEPACO-MEDIFOOD, Arab
Company for Pharmaceutical and Medicinal plantsr(C&gypt).

3. Experimental design:

Male Sprague-Dawley rats were randomly allocated five groups, 7 rats each, and treated as fstld@roup
1received 0.9 % NaCl (normal control group),gro@gs received initial dose of LPS (4 mg/kg; i.p.) te fday
followed by a challenging dose (2 mg/kg; i.p.) be 8'day.Group 2served as LPS control group meanwhite)ps
3-5 received ALA (50 mg/kg), CoQ10 (10 mg/kg)andAplusCoQ10, respectively p.o. for 15 days.

4. Preparation of blood samples and tissue homogenate:

Twenty- four hours after the last treatment, blaainples were withdrawn from the retro-orbital veineach

animal, under light ether anesthesia, accordinthéomethod of [21]. Blood was allowed to coagulatel then

centrifuged at 3000 rpm for 15min. The obtainedisewas used for estimation of the chosen biochdmeakers.

Immediately after blood sampling, all animals weeerificed by cervical dislocation and the livessties were
rapidly removed, washed in ice-cooled saline, ptbtiry and weighed. The left lobe of each liver digsected and
placed in 10% formalin in saline to be used fotdpathological examination. A weighed part of esght lobe was
homogenized in ice-cooled saline to prepare 20%heofmogenateand then centrifuged at 4000 rpm fombard°C

using a cooling centrifuge. The obtained supernatas divided into several aliquots for estimatafrthe chosen
parameters.

5. Biochemical markers:

5.1. Determination of serum liver function markers:

Determination of serum activities of AST, ALT and.A, as well as, TB level were carried out using teagent
kits provided by Biodiagnostic (Cairo, Egypt).Deténation of serum GGT activity was carried out gsan test
reagent kit provided by Chronolab (Barcelona, Spain

5.2. Determination of serum IL-6 level:
The rat IL-6 ELISA kit Quantikine ® (USA) was uséat the estimation of serum IL-6.

5.3. Determination of liver oxidative stress parameters:

Liver MDA content was determined according to thettmd described by [22]. Meanwhile, liver GSH comteas
determined using Ellman’s reagent according tontle¢hod described by [23]. Liver SOD activity wadedmined
according to the method of [24]. Meanwhile, livek@ was determined according to the method specifief25].
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6. Histopathological studies:

Liver specimens from all animals were dissected édiately after death, and fixed in 10% neutral-bretl formal
saline for at least 72 hours. All the specimensewsashed in tap water for half an hour and therydigtted in
ascending grades of alcohol, cleared in xyleneeambedded in paraffin. Serial sections of 6 um thveke cut and
stained with haematoxylin and eosin [26] for histihyplogical investigation. Images were captured prutessed
using Adobe Photoshop version 8.0.

7. Statistical analysis:

In the present study, all results were expressetiean + standard error of the mean (SE). Data araf/zed by
one-way analysis of variance (ANOVA). Comparisoesween different groups were done using Tukey Te®t.
data were analyzed with GraphPad prism version(6faphPad Software, Inc., CA, and USA). Differeneas
considered significant whegnvalue was <0.05.

RESULTSAND DISCUSSION

Lipopolysaccharide has been extensively studieal msjor factor contributing to the pathogenesigrain negative
bacterial infection through eliciting a systemidlammatory response accompanied by severe heméticyi[3, 4].

The current investigation focused on the declinkdpatic functions associated with LPS and theiplessorrection
by ALA, CoQ10 and their combination.

1-Effectson serum liver function markers:

The present biochemical results revealed that IoRgtion significantly elevated serum AST and AlLdtiaties to
167.1 % and 121.8 %, respectively, as comparedtimal control group. Meanwhile, both biomarkergevalmost
restored by oral administration of ALA, CoQ10 ahdit combinatio{(Table 1).

Similarly, ALP, as well as, GGT activities were higinduced to 256.9 and 408.4 % by LPS injectiompared to
normal control groupHowever, oral administration of the selected dratijsnuated serum ALP and GGT activities
(Table 1).

The intraperitoneal injection of LPS enhanced sefiBrievel to 841.2 % compared to normal controlugrowhile,
oral administration of ALA, CoQ10 and their comHipa significantly reduced serum TB level to 83.2 28.2 %
and 27.3 %, respectively as compared to LPS cogtmlp(Table 1).

The present study revealed that LPS injection skosignificant elevation in serum liver functionahrkers levels
(AST, ALT, ALP, GGT, and TB), accompanied by hisatiplogical changes. The elevation in liver enzycmses

in accordance with Debnath et al. [27] and Chialef28] who have shown that LPS induces hepatioatge and
increases the activities of serum aminotransfera&Sesilarly, Helal [29] reported elevation in seruantivities of

ALP and GGT beside TB level after LPS injectionotingh its free radical generation mechanism indicgliepatic
dysfunction. The hepatic enzymes are cytoplasmitailire but usually leaked into circulation undepdtocellular
damage, thus, causing their levels to rise in sd&dj On the other hand, oral administration of ALAuwedd the
increase in serum liver functional markers levadtated to reduction in oxidative stress evoked tud PS

administration. The present results are in agreémigh recent researches [31, 32, 33]. This eftzet be explained
on the basis that ALA or its reduced form dihyduoic acid (DHLA) can prevent lipid peroxidation apdbtein

damage via interaction with vitamins C, E, and aflibne [31, 34]. It was shown that ALA reduces itheeased
ROS generation and protein oxidation in liver assault of its potent antioxidant capacity [35].

Table (1): Effectsof ALA, CoQ10 or their combination on L PS-induced changesin serum liver function markers

Groups Serum AST Serum ALT Serum ALP Serum GGT Serum TB
(U/ml) (U/ml) @u/L) (U/L) (mg/dl)
Normal control (saline) 2383+098 | 36.67+1.09 | 7267+ 3.53 238+ 043 0.17 £0.01
o Control (saline) 3983+1.25%| 4467 +239*% | 18670 £3.19 % | 9.72+£0.84 % | 1.43+£0.09 *
=
=
%‘ Alphadipoic acid (50 mg/kg) 2767+067° | 3567+0887 | 89.17+705° | 238+0537 | 1.19+£002%"
gz
22 | Co-enzyme Q10 (10 mg/kg) 263340677 | 325040767 | 8383+386° | 1.79+0277 | 026+£0037
(=5
=]
g Alphalipoic acid +co-enzyme Q10 | 25.17+1.08" | 3550 +1417 | 9233+3.52*7| 1.79+0.60 * | 039 007"

LPS was injected on day 1(4 mg/kg i.p) and day @d#&g i.p).

Values are represented as means +SE (n=7).

Statistical analysis was done using one-way ANQ@W8vied by Tukey Test.
*Significantly different from normal control growgi p<0.05*Significantly different from LPS control group atQ05.
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Co-enzyme Q10 resulted in a significant reductioithie serum liver functional markers levels ands¢heesults are
in a harmony with the data of Baskaran and Sal86§ fvho reported that concurrent supplementatio@a10 in
antitubercular drugs-treated rats showed liverqutdte effects by reduction of the extent of hepatémage and
restoring near-normal levels of antioxidants.

2- Effectson serum IL-6:

The i.p. injection of LPS significantly exaggerateerum IL-6 level to 321.9 % compared to the norowitrol
group.On the other hand, administration of ALA, CoQ10 aheir combination significantly reduced serum IL-6
level to 53.7 %, 46.5 % and 53.1%, respectivelgampared to LPS control grogpigure 1).

Our data showed that LPS administration in ratbuées pronounced inflammatory response evidencednby
increased IL-6 level. The present results find supjm a recent study by Chiu et al. [28].

Circulating LPS binds to Toll-like receptor-4 (TLR-on hepatic phagocytes and macrophages, leadirletr
stimulation and subsequently tend to release reactkygen species (ROS), reactive nitric specidéR as well
as, pro-inflammatory cytokines [37]. Additionall{PS induces the migration of activated polymorphuear
leukocytes (PMNs) into the liver, which constitutesther source of free radicals [38].

Alpha-lipoic acid is also involved with anti-inflamatory action; independently of its antioxidantitt [16]
manifested by reduction in serum IL-6 level acconipd by remarkable improvement in histological stove of
liver tissues. Regarding CoQ10, its administratiesulted in a significant reduction in the seruweiifunctional
markers levels and IL-6. These results are in haymwith the data of Baskaran and Sabina [3#]p referred to
CoQ10 hepatoprotective effect by restoring neamabtevels of antioxidants and reducing IL-6 level.

Serum IL-6 (pg/ml)

o°0

N

LPS

Figure (1): Effects of alpha-lipoic acid (ALA; 50 mg/kg), co-enzyme Q10 (CoQ; 10 mg/kg) or their combination on lipopolysaccharide
(LPS)-induced changesin serum interleukin-6 (IL-6) level
LPS was injected on day 1(4 mg/kg i.p) and day @d#g i.p).
Values are represented as means +SE (n=7).
Statistical analysis was done using one-way AN@Wévied by Tukey Test.
*Significantly different from normal control growgt p<0.05.
*Significantly different from LPS control group at@05.

3- Effectson oxidative stress parameters:

The present biochemical results revealed that lrip&tion significantly elevated liver MDA conterd 121.9%.
Meanwhile, oral administration of ALA or CoQ10 nalized its content. The combination of ALA with Cb@did
not alter MDA content as compared to LPS controugi(Figure 2A).

In the same context, GSH, SOD and TAC were redilcddPS rats to 61.8%, 39.9%, and 23.01%, respdygtive
These effects were normalized after administratioALA, CoQ10, and their combinatigfrigures 2B, C, and D).

The current study showed that LPS administratico ahcreased liver MDA content, but decreased S&D
activity, as well as, GSH content [39]. These ostons come in accordance with Debnath et al] §2id Chiu et
al., [28], who have shown that LPS induces hepdtismage evidenced by elevation in liver MDA content
accompanied by inhibition of liver SOD activity.

Under conditions of oxidative stress, ROS and RMNt&chk the polyunsaturated fatty acids (PUFAs) ofl ce
membranes causing destabilization, disintegratimh ateration in membrane fluidity and permeabhil@yl events
which increase the rate of protein degradationeumhtually leads to cell lysis [40]. Decompositfmeducts of lipid
hydroperoxides such as MDA can interact with pro@nd nucleic acids, leading to oxidative protemd HNA
damage [41].

Oral administration of ALA significantly decreastitt formation of liver MDA in LPS-challenged raihe present
results are in agreement with those of other ingatirs[31, 32, 33]. Meanwhile, CoQ10 supplementation showed
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an anti-peroxidative effect in the rat liver tissugy significantly decreasing the LPS-induced o$diver MDA

levels. The reduced form of CoQ10 (ubiquinol) ifiéxed to be a powerful lipophilic antioxidant thadrticipates in
tocopherol and ascorbate recycling as antioxidahts protecting lipids from peroxidation [42]. Aadingly, this
might lend a plausible explanation for the riseTIAC. By protecting cells against further oxidatioBpQ210
increases DNA repair rate such effect is likelyilatited to the known antioxidant activity of CoQ43].

Moreover, treatment during LPS challenge restorex decline in liver GSH level. This observation &smin
accordance with Goraca et al. [32] and El-Feki let[23]. The increase of GSH in liver tissue aftérA
administration may be due to the direct action &fLI3, which is a potent reducing agent and thereftwaverts
GSSG to GSH [44] or the fact that ALA is able tareat deficient thiol status of the cell by incriegsde novo
synthesis of cellular GSH by improving cystineiaétion [45].

Superoxide dismutase protects the organism agdiesieleterious effects triggered by the superoxidiical [46],
thereby, its reduction allows free radical chaiact@n to occur, then, reflected on TAC. Additidpaliver sections
exhibited disruption of normal architecture witllammatory cells parallel with the biochemical fings.

In the present results, the supplementation of AbA PS rats caused a marked restoring of liver Sffivity.
These results were confirmed by Heibashy et al. [31

In the present study, concurrent administratiorCofQ10 with LPS restored liver GSH content, SODvitgti as
well as TAC. These observations come in accordavitte Mustafa et al., [47], who reported protecteffect of
CoQ10 in doxorubicin-treated rats.

(A) 150+ N (B)

100

Liver GSH (mg/g tissue)

Liver MDA (nmol/g tissue)

—LPS(+)

© o)

—LPS (+)

LPS (+)

Figure (2): Effects of alpha-lipoic acid (ALA; 50 mg/kg), co-enzyme Q10 (CoQ; 10 mg/kg) or their combination on lipopolysaccharide
(LPS)-induced changesin liver contents of : A) malondialdehyde (M DA), B) reduced glutathione (GSH) , aswell as, C) superoxide
dismutase (SOD) activity and D) total antioxidant capacity (TAC)

LPS was injected on day 1(4 mg/kg i.p) and day ®d&g i.p).

Values are represented as means +SE (n=7).
Statistical analysis was done using one-way ANQ@Wévied by Tukey Test.
*Significantly different from normal control growgi p<0.05.
*Significantly different from LPS control group at05.

4-Effects on histopathological changesin hepatic tissue:

The liver sections of the control group were hisgitally normal(Figure 3A). After LPS administration, liver
sections exhibited few foci of inflammatory celland portal triad (portal traditis), scatteredivatied Kupffer
cells, and congested portal vekidure 3B).

Microscopical examination showed that rats subjgdb LPS hepatotoxicity and treated with ALA desmd
normally looking hepatic cells except for dilateddacongested central veins and activated Kupffés ¢eigure
3C). While rat that received CoQ10 showed normallyking hepatic tissue with minimal dilated centralrvand
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normal portal trac{Figure 3D). In addition, combination of ALA and CoQ10 presshhormally looking hepatic
cells except for moderately dilated central veiiithwininimal congestioiiFigur e 3E).

Figure (3): a photomicrograph of a section of liver tissue of (A): normal rat, (B): LPS control rat, (C): rat receiving LPS and alpha-lipoic
acid, (D): rat receiving LPS and co-enzyme Q10 and (E): rat receiving L PS, alpha lipoic acid and co-enzyme Q10 (H & E X 200)

CONCLUSION

Our results demonstrated that administration of ALB0Q10, and their combination can provide new
hepatoprotective intervention in LPS-induced lidamage and corroborate preservation of hepatis il halting
functional enzymes and ameliorating oxidative strg@mage, as well as, inflammation. These effemtitddbe due

to their antioxidant nature, which include freeicatlscavenging properties and their antioxidativaies.
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