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AISTRACT : KEYWORDS
Hepatotosicity has been found (o b one of the main sideroffecis atsg- antinwicant: dmernbicia:
ciated with doxorubizin (Dox] administration fn cancertherapy Theaim galllc ecid; hepmotosiciy
of the présant study was to exarting the amulioradve elfect of gallic witel=thve stress
acidi{GAalin Cro-inducad b EpaleLoKicty, Sty male Wistar rats of 10 rats

pEFgroun weke used In this study and wera randomly divided into &

exparimental groups (4., Rats in GrouprAservod asthe contral grein

ond received distiled water wrally for 2 davs, GrougBivwac glven Doxat

15 gtk body weight infraperitones LR ooy B B Grce i o s glven

‘2 at &0 mg/fkg body weight arally for 7 days + Dowat 15 mgdkg 1P on

Day 8. Group O wis given GA at 100 o'k body weight orzlly for Zdays

+ Do at15 mg g [P onda & fatsin Groups Eand F wers adminictarerd

GAzlone st 60 and 120 mg/ig body welghl orathrfor 7 days, respec tively.
Doxadminlstration l2d to a significan | reductlon in hepatic reduced g lu-

tithione and nonpratein thiol (NFT) togetferwith slaninicant increase

in hienatic malondialdenyde, hydrogen peroxde genpraticn; superax-

icke dismutase, and catalase zctivity; hepatic glutathiofe: perosidase

and glutathiona-5-rransferase BCtvity wera significanthy inhibited in

Lok-treated rats, The serum alanine aminotranderase [ALT), alkaling

phosphatase, and o) Bilisebin COTCENralions were significantly we-

vated following Dox adminisiration: Pristreatment with G amafigrared

Dox-induced hepatatoxicity and oaidative atrass, The tesults suggest

that GA-may offer protection ageinst-hepatic-damage in Oox cancer

chemotharapy, :

Introduction

Degorubicin (Dox) is an anthracycline plycoside antibintic that is sffective against a mam-
ber of cancers and hematological malignancies {Nudelman et al,, 2005). Tt is broad spec-
lrum in aclion and has been widely nsed over (he past several decades to treal patients
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with various cancers, including hepatocellular corcinoma, because of its ahility to ldll trans.
formed!neoplastic cells (Choi etal, 2006}, The mechanism of Dox antilumor activily invohves
alterations of decoryribonucleic acid (DMA) an production of free radicals (Forrest et al,
2012}, This kas limited the use of this drug in chemutherapy because of the diverse toxi-
cities, sich us cardiae, hepatic, hematological, and testicular toxicities (Wilmaz et al, 2008
Zaletok et al, 2013). Nicolinamide adenine dinucleotide phosphate~ {NADPH-) dependent
cellular reductzse bus been shown to conver! Do to semiguinenc free rulicals thas can gen-
erale reactive oxygen species {ROS) including superoxide, hydroacy] radicals, and hydrogen
peroxide {Yagmurca ef al,, 2007). These free radicals are critical to Dox-mediated cytotoxi-
city, including cardivtoxicity (Wang et al., 2015) and hepatutoxicity (Dai el al, 2015 Nagai,
Oda, & Konshi, 2015)

Gillic acid (GA) has alse been shown o possess antiallergic, antimutagenic, anti-
inflammatory, and anticarcinogenic ability via ils antioxidant property {Lee et al, 2014:
Fatkaki etal, 2015; 3k et al., 20167, Free radical scavenging activity of GA has been proposed
as & probable mechanism for reduction of oxidative sieess (Nikbakhl et al, 201 5; Pandurangan
etal. 2015} From our lehoratory, the protective effees of GA on the toicily of the anticancer
agent cyclophosphamide on the central nervous system, reproductive system, and liver has
b2en reported {Oyagbemi, Omubowale, Saba, Adedara, et al, 2016: Ohyagbemi, Omabowiile,
Suba, Olowy, et al, 2016; Cvaghemi, Omobawale, Asenuga, et al, 2016). Hence, this stizdy
was designed 1o study the hepatoprotective efect of GA prior to Dox cancer chemotherapy.

Materials and methads

Chemicafs

Thiobarbituric acid {TEA), ammonizm ferrous sulfate, polassiom iodide, sodinm polissium
tartrate, copper sulfate, placial acetic acid, trichloreacetic acid, pelassium dichromate, kydro-
gen peroxide (HyO.), hydrochloric acid, sulfuric acid, sylenol orange, sudium bydroxide,
ethanol, sodivm azide, Ellman's rezgenl {DTNE), Q-dianisiding, reduced glutathivne (GEH),
2-dlichlora-4-nilrubenzene (COHMLE), and sorbitel were purchased from Sipma (5t Lowis, MO,
UsAL Al uther chemicals used were of analytical grade and obleined from British Dirug
Houzes {Poole, Dorset, UK),

Experimental design

Sixly adult male rats weighing between 120 2nd 180 g ublained from the Experimental Animal
Unit of the Facully of Veterivary Medicine, University of Ibadan, Migeria, were randomly
divided inlo & groups (A-F) of 10 animals per gruup. The animals were kept in wire mesh
cages under controlled light cycle (12h light/12h dark); thev were Fed with comimercial rat
chow ad libitum and liberally supplied with water,

Rats in Group A servad as the control group and received distilled water arally for 7 days;
Carnusp B owas given Dox at 15 myikg body weight TP on Day 8. Group C was given GA at
6 mglkg body weight orally for 7 davs + Dexan 15 mg/kg 19 on Day & Group [ was given
LA at 120 mgdkg body weight orally for 7 days+ Doscas 15 mp/kg 1P on Day 8, Rats in LFruups
Eand Fwereadministered GA alona at 80 and 120 mg/kg body weight orally for 7 days, respec-
tively, The choice for Dox administration was chosen from the previous study (El-Moselly &
El-Sheikh, 2014). The Dox was administered at o single intraperitoneal infection. Rats were
sactiliced 24 houry alter the last administiation.
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Cere of anlmals

All the experimental animals received humane care zegording to the criteria outlined in the
Gerde for thie Care and Use af Leboratory Aninals prepared by the Nalional Academy of 5ci-
ence anad published by the National Institutes of Health {Garber etal, 2011). The ethics regula-
tions were fullowed in accordance with national and institulional guidelines for the protection
of the animals’ welfare during experiments agcording to the Peblic Health Secvice (Garber
et al, 200 1),

Blood collection and serum preparation

Eresh whole blood (5 mL) was colleeted from each rat through the retro-arbital venous plexus
inte sterile plain tubes and left fur about 30 mineres to dot. The clotted blood was thereafter
centrifuged at 4,000 g for 10 minutes, Serum was harvested into sample bottles and stored al
—20°C till the time of analysis,

Hepatic tissue preparation for biochemical assays

The rats were sacrificed by cervical dislocation 24 hours afler the last administration. The liver
wits remaved ind weighed and 2 portion of it was rinsed in 1, 15% potassium chinride (IO
and homogenized in porassium Phrosphate buffer (0.1 M, pH 7.4) and centrifuged at 12, 000
for 13 minutes to ablain the Prostmitachondria fraclion LEME cvtosolic ructions, The PMF
of the liver was obtained and subsequently stored az -20°C until the lime of use,

Biochemicaf assoys

Protein determination

Frolein concentrations were determined a5 dlescribad b Gornal, Bardawill, wnd Dravid { [440)
1 mL of diluted serum was added to 3 mL of the bivret reagent. The reactinn mixture wis
incubated at room temperature for 30 minutes. The smixture wis thereafter read with spec-
trophotometer at 540 nm using distilled water as blank. The fAnal value for total protein was
extrapolated [rom the total protein standard corve,

Determination of hepatic glutathione pPeroxidose gned

Glutathione-5-transfergse (GST} activity

The hepatic glutathions peroxidase (GP) Activity wis measurad according Lo Bectler, Duron,
and Kelly (1963). The reaction mixtures contain 0.5 mlL uf potassivin phosphate buffer {pE
#4), 0.1 ml of sodivm azide, 0.2 mL of G5 selution, 0.1 mL of HaOs, 0.5 ml of FME and
0.6 mL of distilled water. The mixture was incubated it the water bath at 37°C for 5 minutes,
and 0.5 mL of trichloroacetic peid {TCA) was added and centrifuged ar 4,000 a for 5 minutes;
! mL of the supernatant was taken and added to 2 mL of KaPHO {(dipotassiem bydrogen
phesphiatel and | mb of Ellman's resgent. The shsorbance was read al 412 am, Glutathiomne-
E-lransferase (GET) was estimaled by the method of Habig et al. {1974) using 1-chloro-2,
4-dinitrobenzens ge substrte.

Determination of hepetic superoxide dismutase activity
superoxide dismutage (SO0 activity was determined by the method of Misra and Fridavich
L1973} with muodification from our laboratory (ODyagbemi et al, 2015 Omobowale #| al,
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2014]; 100 my of wpinephrine was dissalved in 100 mE distilled water and acidified with 0.5 m.
concentrated hydrachloric acid. This preparation prevents aute-oxidation of epinephrine anigd
is stzhle fur 4 weeks. Then 0.01 mL of hepatic PMF was added to 2.5 mL o[ 0.05 M carbonate
bufter (phl 10.2) followed by the addition of 0.3 mT. of 0.3 mA adrenaline. The increase in
ubsorbance o 480 nm was monitosed every 30 secunds for 150 seconds; 1 unit of $OD activ
ity was prven as the wnount of SO0 necessary Lo cause 504 inhibition of the oxidation of
adrenaline to adrenochrome during 1 minute,

Determination of hepatic catalase activity

Cataluse (CAT) activity was derermined according ta the melhoed of Sinha {1972). Briefly, o
I mL portion from the reaction mixture (2 ml of HaDy solution, 2.5 ml of (L01 M potassinm
phosphate buffer [pH 7.0, and 1 mL of properly diluted PMFE) was blown into 1 mlL dichro-
tatesacetic acid zolution by a gentie swicl at room temperature at &0-second mtervals for
Ftimes, The mixture was incubaled in the water bath at 100°C for 10 minutes. The absorbance
waz read at 570 nm. One unit of CAT activity represents the amount of eNEyme reguired o
decompose 1 pmel of Ha 00 minute.

Determination of hepatic reduced glutathiones

The content of hepatic reduced glutathione {GSH ) was estimated by the method of Tollow et al,
VEF5). Brielly, 0.5 mI. of 4% sulfosslicylic acid (precipitating agent) was added to 0.5 mL of
PMF and centrifuged at 4,000 g for 5 minutes, To 0.5 mL of the resulling supernatani, 4.5 ml.
uf Ellman's reagent (0,04 g of DTNE in 100 ml of 0.1 M phosphate butfer, pH 7.4) was added.
The absorbance was read at 412 am.

Determination of hepatic nonprotein thiol levels

Hepalic MPSH Jevels were determined by the method of Ellman (1959). A 500 pL aliquot of
hepatic PMF was mixad with 10% TCA (W) Aller centrifugation, the prolein pellel was
discarded and free-sulfhwdeyl (SH) growps were determined in & clear supernatanl, A 100 el
aliquot of supernatant was added to 830 ul of | M potassium phosphate buller (pH 7.4) and
o 50 L oof DTNE (10 mM}, Absorhance of colorimelric reaction wits measured al 412 nm,

Determination of hepatic total thiol content

The hepatic total thicl content was determined using the method of Ellman {1959, The reae-
tion mixtice contained 170 ol polassiom phosphate bufer (0.1 M, pH 7.4), 20 pl of sam-
ple, and 10wl of DTHE (10 mM ). After incubation, for 30 min at room lemperaturs, the
ahsorbinee was measured at 412 mm znd e sumple total thiol levels were estimated using
GSH as standird,

Determination of hepatic thiobarbituric acld reactive substance

Thiobarbituric acid reactive substance {TBARS) was quantified as malondialdehyde (MDA}
in the hiepatic PME The MDA was determined accurding to the method of Varshney and
Kale {1990), To 1.6 mL of Tris-KClL, 0.5 ml. of 30% TCA, b4 mL of sample, and 0.5 mL of
0.75% thioharbituric acid (TBA) prepared in 0.2 M HCI were added. The reaction mixliuce
was incubaled in the water bath at 30°C for 45 minutes, cooled on jce and centrifuged at
4000 rpm for 13 minutes, The zhsorbance was measured at 532 nm. Lipidl peroxidation in
wnits/ing protein was caleulated with & molar extinction cocfficient of 1.56 10* M=1Cm!,
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fedsurement af hepatic hydrogen peroxide generation

Hydrogen peroside (Hy0.) generation was delermined according to the methad of Wals
(99} T 25 mL of 0.1 M potassium phosphate hudfer (pH 7.4), 0.230 mL of ammonium
fereous sulfate (AFS), 0.1 ml. of sorbitgl, 1 mL of xylenal orange {X0), 0,025 mL of T.500,,
ind 0.030 mL of hepatic EMF were added. The frixture was mived thoroughly by vortex-
ing, and a light pink color of the reaclion mixture was abserved, The reaction mixture was
subsequently incubzted a1 room temperatice for 30 minutes, The absorbance was measured
at 360 nm. The hydrogen peroxide (Ha0,) generated was extrapolated from the hydrogen
peroxide standard curve,

Measurement of hepatic nitric oxlde can fohils

Hepatic nilric oxide {NO) was measured as tescribed by Olaleye et al. {2007) by indirectly
measuring the nitrite concentration. After incubation at room temperature for 20 minles,
the absarbance at 540 nm was measured by spectrophotometer. The cancenlration of nitrite in
the simple wis determined from a sodinm nitrite {NaNOy ) standard curve and way expressed
s el nitrite/myg protein.

Derermination of serum alanine amin atransferase. alkaline phosphatase, and total
billrubin

Theaclivities of alanine aminotinsferase {ALT), alkaline phosphatase CALP), e Lotal biliru-
M0 were determined using the Randox Kit {Randox Laboratories Limited, UK}, The manu-
facturer’s instructions were followed in the assay profocol.

Histopathology

small pieces ol liver tssues were collected in 10% buftered formelin {pH 7.4} for proper [ix-
ation. These tissues were processed and embedded in parafiin wa Sections of 5-8 gm in
thickness were made and staine] with hematcerylin and eosin for histopathological examina-
tion (Crrury, Wallington, & Cancerson, 1a7s],

Statistical analysis

All values are eapressed az mean £ standard deviation {5100, One-way ANOVA with Dun-
nell’s posttest was also performed using GraphPad Prism version 4.00. The level of statistical
signilicance was considered as p - 05

Rezults

The activities of serum alanine eminotransferase (ALT) and alkaline phosphatase (ALF)
logether with total bilirabin level incressed significantly {p <= 05} in Di-only treated rats
compared to the control (Table L} The hepatoprotective ellact of GA was de manstratedl with
significant {p < 05} reduction in the serum ALT, ALP and tolal bilirulin of rats pretreated
with G (B0 and 120 rigtkg) {Table 1),

The hepatic reduced glilathions {GSH) content wis significantly reduced in rats adminis-
tered Do only. Further, rats pretreated with G (60 and 120 mp/kg) showed significant {p=
D3) improvement in GSH content vampared Lo rats wdministered Dox only {Figure 1. The
improvement in GSH content was dose depemlent witl 120 mg'ky of GA showing higher
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Table 1. Effects of doworubicin on markers of hepatic damaegr,

Faramaters Group b Gioup b Graup Group D GroupkE Graup F
Al UL TILOR L OBGE  WAF = A08* Tash L oaxb FRED £ 0w TRO0S L R0n Faac 2 oo
ALF LWL 300 & 0st 10 £ 0200 530 L oph M oMt ST L 0m sEa =0

Teezlkiliuban frgtdll 1052 £ 065 337 £ 140 6ud + 5s5Y 525 L 083 BERO 4 6% wrs = 13

Dztn am presented sy mean = sezndand deviation Go = 100 Rars in Granp & served & (e contel aroup Geaup H s given
togatuiecin (Dax) at 15 marky body weight; Group Cwas given gafic acid 1GA) at 60 marky bedy weight + Do 2115 mydky:
Grnorp D was green G 7 100 vk body waight 4 Dox a5 mig/ks, fals in Sroups Eand Fwen administesed with G4 slons
ut & and 120 m s Loy weight, mspoctively, Do was administered imtraperitonoally while G4 was grern arally.

“ignificant difference alp « A5 when granps B, 0 E and Fare comparsd with group &,

BLignifcaig diffesence 21 p = 05 when geroups Cand O are comnased wish gy B

anticxidanl capacity (Figure 1} The hepatic malondialdehyde (MDA also increased signifi-
cantly in Dox-only treated rats compared to the cuntrol and rats pretreated with GA (60 and
120 mgfkgh @s shown in Figure 2, Tn the same experiment, pretreatment with €A (60 and
120 mgfkg) dose-dependently reduced hepatic MDA content (Figurs 2}, On the olher hand,
the hepatic mitric mdde (MO} content ways lso significantly decreased in Dox-only treated rats
ws opposed to the aforementioned markers of owidative stress when compared 10 the control
{Figure 3). However, pretreatment with GA (60 and 120 mg/kg) significantly reduced heparic
WO content compared 1o Dox-only treated rats (Figure 3}, Similarly, hepatic hydrogen per-
oxide (HyO:) generated was significantly increzsed in Deg-only treated rats compared to the
control (Figure 4), and this increase in marker ol oxidative stress was significantly (p = .05)
reduced in rats pretreated with GA (60 and 120 mg/kg), as indicated in Figure 4,

The activity of hepatic glutathione peroxidase (GPx) was significantly reduced in Drox-only
Iresited rats compared (o e control (Figure 5), However, pretreatment with GA (60 and
120 mgfkg) duse-dependently incressed hepatic GPx activity (Figure 53, The hepatic catalzse
(CAT) increased significantly in Dox-only freated rats and rats pretreated with GA (80 and
120 mgfkg} when compared 1o the control (Figure 5). In this study, Dox edministeation
led to & significant {p - 05} decrease in hepatic nonprotein thiol (NPT) compared o the
control and olher treatment groups (Figure 8). However, pretreatment with GA (60 and
120 mpfkgh dose-dependently increased hepatic MPT. By contrast, the administration of Dox
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Figure 1. The effect of dodgrubicin intoxication on hepatic reduced glutathlone (G5H). Rats in Group A
served as the control; Group B was given doxarubicn (Doxd a1 15 mgfkg body waight; Group © was given
gullic acid [54) at &1 gk body weight + Dax a1 15 ma/ky; Group O was given GA a1 120 mg/kg body
weight + Dox al 15 mg/kn. Rats In Groups F and Fwene sdmindstered GA alone at 60 and 120 mg/kg body
welght, respectively. Dax was administered intraperizaneally while GA was given orally. a indicates g < 05
when Graups 8, T, 0, G, and F are compared with Group A, bindlcates = 005 when Grougs Cand [ are
corngard with Group B
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Figure 2, Tha sffect of desoruBicin intoxication on hapatic malondiskdahyde (MDA Rats in Group A served
as the cantrol; Group B was glven doxorubicin (Do) o115 mygike body welght; Group C was givan gallic acid
{BA) &1 60 mgiky body weight + Dox ar 15 ma/k; Group 13 was given G at 120 me/kg bodyweighs + Do at
15 mg/kg. Rats in Growps Eand F were adrinistered GA slone at & and 120 kg body weight, respectivaly,
Dox wizs administered intrapesitoneally while GA was given arally. & indicates p 05 when Groups B, €, 0,
£ and Fars compared with Graup A, b indicates o < 05 when Gigups Cand Dare compared with Group B

significantly increased total thial {T'L) when compared to the controf and racs Pretreated with
LA {Fignre 6). Our results showed that Dox administration significantly increased hepatic
superoxide dismutase (SOD) aclivity in Dozc-only treated rats and rals pretreated with GA
(60 and 120 mgikg) when compared to the control (Figure 7). By contrast, the activity of
GST was reduced significantly by Dox administration commpared to the control and other
tecatmenlt groups {Figere 7).

The liver weight also showed significant {p = .05} increase in Dox-only treated rats and
Fats prelreated with 60 mg'kg of GA compared to the contral (Figure 8). However, rats pre
treated with 120 mg/lks of GA showed significint reduction in the liver weight when com-
pared Lo the Doxonly treated ralg (Figure §). The J'lisiu[ug:.? section of s administered Do
-only showed congestion of vessels, mild infiltration of sone 2 by inflammalory cells, and
macerale microvesicular steatosis, wherens rats Pretreatec wilk 80 mpke gallic acid (GA)
arilly for ¥ days prior to administration of Doy showed no visible lesions except for areas of

45 .
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g | B G &
éz:. mita o
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H AU LT
E 05
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Heputie nitric oxide

Figure 3. The effect of doxorubicin intoslcation on hupatic nitric oxide [NO), Rate in Growp A served as the
control Group B was given dosorubicin (Drod a1 13 kg body waigh; Group ©was given & ot 60 mgs ke
body weighs + Dex at 15 nofkg: Group O was given GA gt 120 mg/kn body weight + Dow gt 15 mgfeeg, Rats
i Groups £ and Fwere edministored GA alone af &0 and 120 mgg body weight, respectively, Dox was
edministerad Inera peritaneally while G4 was given orally, o indicares 5 = .05 when Croups B, DVE, and F
are compated with Group A, b indicates P = L5 when Grovps Cand D are comipared with Group B,
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prradcing

Hydrogen peroxide
genterated (unole/my

Hepalic hydrogen peroxide

Figure 4. The affect of doxorubicin intoxication on hupatic hydrogen peroxide tH,0) generated. Bats in
Graup A served a3 the contrgl; araug B was given doxorubicin (Do) at 15 mg/kd body weight; Group © was
given gallis ooid (GA) a1 60 mg s body weeight 4 Do 015 mgdke;: Group D was gven GA 21120 maskg body
welght + Dox al 15 mgdka, Rats in Groups E and Fwere adiministerad GA glona at &0 and 120 medkg body
weight, respoctively. Dok was administersd intraperitoncally whtls GA was given arally. 2 Indicates p = 05
when Groups B, €, 0L E. and F ars comprared with Group & b indicates p < 05 when Groups C and D are
carmpared with Group B.

slight congestion; a similar resull was oblained in rals preteeated with 120 metkg pallic acid
(GA) orally for 7 days prior to administration of Do |5 myg'kg. Rats pretreated with 60 and
120 mg'kg gallic acid (GA) orally alone for 7 davs showed no visible lesiuns cxcepl for ereas
of slight congestion (Figure 9.

Discussion and conclusion

In this study, Dox administration led to a significant increase in serum ALT, ALE and tatal
hilirubin. The increases in serum levels of A LL, ALF and total bilirubin have heen raported ag

BGiap A mGroapb BGgipl EGngD ehicopl B Gioap F

Hepadic GPx and CAT
{pmale/my profeing
B R EE B OE B
-2

Hepatic GIPx Hepatic CAT

Figure 5. Tha effert of doxasubicin intosication on hepatic olutathions pergeidase (G0) and catalase (CAT)
activity. Rats in Graup A served asthe contral; Group B was given doxorabicin {Dax) at 15 mg/ke body welght;
Growp C was given gallic zcld (Ga) at &0 kg body weight 4 Dox 2115 rnpkg; Group D was given GA at
120 mglkg body weight -f- Tax ac 15 mo'kg. Rats in Groups Eand Fwere administered GA alone at a0 znd
120 mgsky body welght, respectively. Dow was administored Intraperitoneally while GA was given rally. 2
irdicates &« 0% when Growps B, C, (L E, and F are carmpared with Groep &, b indicates p - .05 when Grope
Cand D sre compared with Group B,
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Figure 6. The elfect of doxorubicn intoxication on hegatic nonprotein thiol (MFT) znd total thisl (TT). Bats
in Group A sarved a3 the contiol; Growp B was given doxorebicin (Do) 2115 mg'kyg body weight; Group ©
was givan natlic acid (24} at £0 mo'kg body welght + Do at 15 mgfg: Group D was given GA 2t 120 mg g
body weight + Dox a1 15 mafkeg. Ruts in Groups £ and F were adminisisred GA slone at §0 and 120 mo/kg
body weight, sespectively. Dox was administened intrageritoneally while G4 was givan orally. 2 indicates

£ = D5 when Groups B, C I E and F an: compared with Group 8. B indicates o - 05 when Grouss Cand D
are campared with Grop B,

miarkers of liver damage and hepatocyte death due to membrane breakdown of e liver cell
and ultimate leakage of these markers from the intracellular o extrecellular milien (Wang
el al, 2015 Kobylinska et al, 2015; Nagai et al, 2018}, According le cur esull, pretreatment
with GA mnelicrated and mitigated Dox-induced hepatotoxicity. The toxicity associated with
Dox might be due to the toxic melabolite following metabolism of Trox afier its administration
(i et al,, 2013}, Purthermare, medicinal feods that contain GA might be of potential benefit
to cancer patients prior chemotherapy with Dox.

The sdministration of Dox precipitated sipnificant reduction in hepatic nitric oxide (N0},
reduced ghitathione, snd nunsulthydryl content together with significant increase in hepatic
hydrogen peroxide (Hz0h) generated, and malondialdehyde content, Therefure, we propose

5 T WP
‘F | wizgapd
i _‘E‘ | a.h & Gemap
[} = s mhaep i
E = HGmenl
- - ;JHI | Bilirzapl
o% = I
D=z |
woOE S m
a TET
= = |
w =] [
= =
[F = |
0l

Hepatic 5011 Heputie GST

Figure 7. The effect of daxarubicin intexicution on hepatic superaxde dismutase (00) and glutathione-
Ftrancferase (GAT) activity, Rats in Group A served as the centrok Group B was given doxorublels [Dex) at
18 meg/kg bodyweight; Group Cwas given aplfic acid (34} at£0 mog /g body welght -+ Dok an 15 migfkg; Group
L' was givan GA 2t 120 ma‘ky body weight + Do at 15 modkg. Rats in Groups E and F wera administared
G zlons a1 50 and 120 mo g body welght, respectively, Dax was administerad intraperitoneslly while GA
wils given orally. 2 Indicates p = .05 when Groups 8, C, D E, and F are compared with Group A. b indicatas
P 05 wlvin Groups Cend Doare comparad with Group B,
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Figure 8. The effect of doxorubicin intexication on liver weight. ftats in Group & served 2s the cantrol; Sroup
B was givan doserubicin {Dax) at 15 mg/kg Body welght; Group © was given gallic acid (G4} 2t 60 rrileg
biescly waight -+ Dox at 15 mgdkey; Group D owas given GA at 120 mg/kg body wiight + Do at 15 movhe. Bats
in Groups E and ¥ were adminissered GA alone at S0 and 120 mg/kg Body waight, respectivily, Dox was
administersd intraperitenaally while GA was glven orally, 3 indicates & « .05 when Groups 8, €, D, £, and F
are compared with Growp A, b indicares ¢ « 05 when Groups © and [ ane compered with Growp A,

from this study that Dox administration enhanced both hepatic axidative and nitrosative
stress, The observed reduction in the MO content following Dox might be releted 1o the over-
production of superoxide radical anion that can possibly combine with MO, therehy facili-
taling its reduction. The combination of MO and superoxide radical anion forms peroxyni-
trite, which s a cytotoxic molecule that can dimage proteing, DMA, and ribenucleic acid
(BNAJ. Peroxynilrite has also been reported to participale in nitrosative stress {Lee et al,
201&). Hence, we speculate that the generation of nitrosative siress misht be associated with
the [urmation of peroxynitrite. The involvement of Dox in oxidative stress and generation of
reactive oxypen species {ROS) has been widely accepted as the mechanism of action of Thox-
mduced hepatotosicty {Wu et al., 2015; Linetal,, 2005 Mokni etal, 2015 Szwed el al., 2016}
The ability of GA a5 a potent anlioxidant was strongly demonsteated by reducing markers of
wxidative stress and improving the hepatic GSH content. Oxidative stress is considered when
production of RO/ fres radicals exceeds and overwhelms thal of the antioxidant defense sys-
tem.

However, activities of Lhe antioxidant defense system were altered in a differsnt manner.
The hepatic glutathione-S-translerase (GST) and glutathione peroxidase (GPx) were signifi-
canlly inhibited following Dox administration. By contrast, the hepatic supervxide dismutase
(500 and calulase [CAT) activities incressed significantly. The 50D participates in 1he frst
line of defense during oxidative stress by converting seperoxide anion radical [O5-) o Ha 05
while GPxand CAT quench HaOy to water and oxygen (0s), respectively. Furthermaore, GET
detonifies toxic electrophiles incuding Dox metabolites with the help of GSH as a cofactor
2 mare seluble and less toxic metabolites that can easily be exereted by the kidney {Chen
etal., 2005; Beyerle ot al., 2015), However, the reduction in hepatic GSH by a high dose GA
(120 mpkg) suggests that o high dose of GA might be pro-osidant. Hence, care must be tuken
in the uge of phytochemicals as antioxidants in disease pravention. The ohserved reduction
i the activitics of GST and GFx might suggest production/peneration of ROS/free radicals
by Dox, therely enhancing the accumulation of toxic metabalites of Dox, which further exac.
erbated the hepatoloxicity of Dox. On the contrary, the increase in the aclivity of 300 and
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Figure: 8, Histology af the liver [ollowing dowarubicin (Dox) sdministration. Groug A shaws clight arzas of
congastion: fat liver intoccated with dosorishicin at 15 modg body welght inttaperitoneally (IP). Group 8
shews congestion of vessals, mild infiltration of zona 2 by irlarmrmatory cails, and moderate microvesicular
steatosis (black arrove), Group C pretrazted with 60 mg/eg galtic acid (GA} avally Tor 7 days priar 2o zdminis-
tration of Dow 15 mofkag. Graug 1 pretreated with 120 mafkog GA wrally for 7 days prior to adrinistration of
Do 15 ma /ey Gresrs: L received 80 mofkg G4 geally alone for 7 days. Group F received 120 mgfkg G4 arzlly
alone [r 7 days. There are na visible lesions in the phatamicrograph of the fiver sactian in rats in Groeps C, 0,
£ and F, but theri: are areas of congestion (klack amaws). Reprassntative hematosylin-gasin- (HSE-] stainad
liveer sections (X 400 abjectives),

CAT could be said to be an adaptive response of hepatic tissue to Dox toxicity. The mech-
anism through which Dox induces antioxidant enzyme activity might be via up-regulating
SO and CAT messenger ribunucleic acid (mRNAY and activalion of the Nrf2- ARE pathway.
Hence, the hepatoprotective effect and the antioxidant zctivities of GA were dearly deman-

strated By reducing the hepalic markers of oxidative stress and improving the antioxidant
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defense system in a dose-dependent manner. [n addition, excessive production of NO was
observed in rats administered Doy only, which was indicative of nitrossive stress (Wanyong
et al., 2013). The hepalic N0 ey combine with (O;-) to produce peroxynilcite (OMNO0-],
A eytatoxic molecule (Wen ot al, 2015). GA administeation prior to doxorubicin chemather.
apy may be polentially beneficial to cancer patients by madulating, amelin rating, or reversing
toxicity associated with Dox treatment. The emeliorative effect of GA in the present study
could be ascribed to its antioxidant and anti-inflammatory properties. The results slgpest
that GA muy offer protection againsl hepatic damage in Dox cancer chemotherapy, However,
the major limitation in this sty was lack of funding.
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