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Abstrscl

Background: The wse of doxorubicln (BOX) as an ant-
necpiatic agent has heen greatly limited hecause of the
myriad of toxic sequelae associated with it. The aim of
this study wis do ussess the pratective effects nf wallic acid
(3Ad on DO-induced cardiac woxicity in rats,

Methads: Sixly male rats (Wistar strain) wee used in
thias sludy. They were divided into six groups (A-F} each
contaiming 1) animals, Group A was the control, Rats in
Lroups B, C, amd D wers treated with DOX at the dosage
of 13 ik body weightl ip. Prior to this (restment, rats
in Growps Cand D had heen lecated orally with GA fer
7 chays at the dosage of 50 and 120 mg/lke, Tespectively.
animals [rem Groups E and Foreceived only 60 and
120 mefkg GA, respectively, which were administered
arally [or 7 days.
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Results: The cxposure of rats Lo DOX led o a significant
(p=0.05) decrease in the cardiac antiosident defence
syatem and clevation of creatine kinase myncardlal band
and lactate dehydrogenase. The @lectroardiograply
resulls showed a significant decrease in heart rale, QRS,
and (T-segment prolongation. GA alone improved the
antioxidant defence system,

Conclusions: The (A pretreatment signilicantly aileviatad
GA-associnted ECG abnormalilies, restored the antiod.
dantstamus and prevented cardiac damage,

Keywords: antioxidant: cardintoxicily; doxorubicing elec
rucardiogram; gallic acid; serum biomarkers,

Introduction

Chemotherapy, either a5 a primary therapy or as adju-
vant for cancuers, carries a risk of adversa effeces that
might result in unfovourable sequelze for the patent [1].
For the treatment of varlous malignzncies, the quitine-
containing anthracycline antibiolic, doxorubicin (D0X)
is un elleciive and widely wsed drug [2]. However, its use
in chemotherapy has been largely limited by its toxicity,
which cawses hoth cardiac and renal dyslunctions [3).
DOE 5 o prototype of the reaclive oxygen species (1205).
producing chemotherapentic drug and, in the presence of
molectbiar uxyigen, it has the ability to gensrate the lighly
resctive superoxice radical (€1, via the redox recycling of
the quinone moiaty [£],

The mechunisms of [¥-indoced toxiciee include
the increased oXidative stress, interaction with DNA, the
inhibition of topoisomerase 11 in DMA replicalion and
the inhihition of DNA and ENA Diosynthesis [S]. Tn adidi-
Uon, dameges to the heart and other organs may adversely
maodulae renal perfusion, theteby aliering the xenobi-
olic detexificatinn process and contributing o Lhe DOX-
induced nephropathy [6]. To dace, no singrle chamical has
been [ound to reduce the delaterious effects of DOX, and
this has led to the search for eflective and safe antaponists
to DOX-induced loxicity [7].

Callic acid {GA), a pely-iydroxyphenalic compound,
is largely distributed in various plunts, Inddts and fonds,
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Similarly, It oceurs naturally in various types of lands
and aguatic plants [3]. GA is a strong anti-corcinogenic,
anti-mutagenic and abli-inflammatory agent [9]. GA
amil its derivatives have been found to be strong antoxi-
dants that can scavenge free radicals, such as superoxide
anigns, hydrogen peroxide (1,0,), hydroxy] radicals zm)
hypochiorous acid [9). The tree radical scavenging aeliviey
of GA has been sugzested as o probable mechanism for it
anility to ameliorate oxidative stress [10, 11]. Natural prod-
ucls with antioxidant propertivs may, therefore, be nsefiy]
in improving the therapewtic index of DOX. Tn this sindy,
we investigaled the amelicralive effect of GA againgt OX-
Induced cardiotoxicily and oxidutive stress in an Bxperi-
meanial anirnal madal,

Materials and methods
Chemicals

In this swady, 0%, an anlicanoer ament, glusathions, 1.2 dicklom-
fA-witrabenzeie (COHB), thivhasbituric acid {THAL vpinephrie,
wyiEnol orange, pobazsium hydrowide, sodivum kvdmxide, Blucnsy&.
Fhosphate ol H O, wore purcliases from Signa Chem., Cr. (Lanlarn,
) CE-ME ard LDH (K were chitalned fom Bandox Leboratarios
fCrwmling, UKL, Al ether chombcals e of analyilcal prisde and warg
abanined ln British Doug Huuses (fale, UKL

Experimental animals

A total of ol adult malks Wistar rafs, Weighing TH0-200 &, were mn-
dunly divided inte Sx groups sich conilning 19 animals, The os
were fadl with commercial rae chowr gl waler sipplied liberally
Clezy were sisbjzlted to o phatopetiod of abaur 12 b light!12 h daik-
resss A acclimatised for g wesk prior (0 praiessimens with G4 and
administradion of DOY a earlier describud [1), A5 for eibical appraval,
the reseduch relaied b animel use has contplied with all the relean
natiual cegulatzons wnd instioulona policics for e cane and use
of animals,

Experimental design

Thue andmials were divided randomly into six groups ol 10 animeals per
groue aned ested as Tolkass:
= Grmup A (Conimol): Beceived dissilled waler fuz & days.
= Gruap B Beceived (DOX] 15 ni/lg ip. onday 8,
Group C: Pretroatzd witls 60 mgfke GA arlly Tor 7 davs poiur in
the adminisaiun of [KX 15 mefky p, on day B
Lerdup B Protreabed with 120 me/ke GA amaliy for 7 days prios to
the sdministeation of DO 15 mufky Ly, on day 4.
lizoup E: Received 60 mg/kg GA arally alone for 7 days,
= Grnup F Beoeived 150 mygfky GA craliy aloie For ¥ dags,
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Electrecardiography

The clectrocarndiogmaphic evaluatiun of the tats was done usng i &7
lead cvanguater BUG machine, FIAN 10000 The BOG machine was s
ad 50 s paper speed and 10w voltage calilsdfons The i
cedure wi carried aul, 4 descmbed by Cakleron e al. [12], Buiedly,
eich Tl wis fenlly r=trafned on Uie right Tateral meouslency. The
limbs waie ledd paralle! (0 each ather and vertical o the lang axis af
Uue bandy. The electzote wires were connected 1o the skin using the
attached alligater clips, The electrneardingrapliic wel was nsed fo
Do cankact beoween the elecrode ad the skin.

Blood pressure measurement

AL Uz ertd of she realment peread, indizect blond prmssuee para-
meters, includiag systolic Blood pressure [SRP], diastolic bloard pres-
sure (DBPEand mean anteeizl Lo prossuce {MAP]L wene determine]
wilhout anaesthedia, by fmil plethyemaymphy esing an electrosphyg.
mrmanmeler (D0DA, Keinl Scientific, USAL The average of a1 least
itine reafings, recanled in the quicscent stale, Tollawing acclimatisa

tean, was tken per aninal,

Elood callectlan and preparation of tissues far biochemi-
cal agsays

The ratz ware anacsthetised using xvlazineg/ketamine (/v at a dos-
age of 1 mL 100 g peior b blood collection. Thoy wese sacrificed
by cervical distacation, alter which hiond sammples were eollecred Ty
seten orbital wenous plesus ince & sterilised plain sample banles and
allowied fu cuagulate for 30 min. The bload samples wern then Cenle-
Fugedd for 10 min wt 40600 g uzing a bench contlficge, The clear seim
veas vallected and Erozen ungil nse,

Preparation of cardiac homogenates

Exclzed heasts were rnzed in e enld LES% KL alter wlich ey wery
blatted an fler paper ansd wez e, Themy were: then muieced with scis-
2075 b Jour vidumes of ice-cald 0 8 phospliate buffer, pH 75 and
homogenised. Tl reseliant homopsssies wene consribuped o 0000z
st " for 10 min. The superistant Test miznclondrial frarions (FMEs)
wist enllocted and processed for subseguent Bachemical armlyses.

Biochemical assays

The produstion of B0 was evalued by maazusing the loved of nilvile
fn Indicatar of MO} in the candiac lsoes using Grisss respent 22
described [13, 14]- The amouwnts af nitrite it supernatants wets e
ured followlitg e Griess eaciion by incubating sl volumes of
sainfle with the Griess seagent [(1% H-[Fuaphibyl} ethylenedizmine
ribdrochlorile; 1% sulfandamide in 596 phospluwric acid: 1:1] ar
fuwan femperatiee for 20 min. The gbeusbance ar 3530 m {00 5500
wilh Mmedsured spectraplytometicelly, Mloite cosrenirazsion was
Calealisted by comparisan with the GO 550 of a standard selelzun of
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kouwen sodiumnt it concenbations, Serm iwvelopermsidase (MPO]
Ay, anindicator of polymorphanuclear bakecyio acewmulation.
was determingd uccerding o G modificd methed of ¥in and Swser
[35]. Tlee activity of cataluss (0AT] was determinod avconling tno the
methad af Sl 16 Superoside dismucnse (5000 was delesiind
by measwsiing the inhibition of the auio-oxidaticn of apinepkring at
PH T2 300 a5 described by iisrs and Fridavicl witl a previcusly
deseribed izodification [I7-29]. Gluiaihione-5-lransforase (G5 wis
catimated ty ollowing (B methicd of Habig etal. [20] wsing 1-chlam.z,
dedinitmhonzaie [CONIK 25 sabstmmie Beduosd glutarkione (G5
wis delermined 31 412 nn using e methed described by Teudler
sl [21]. The peneratian af HLO, was aetommined as sarlier described
1220, Lipdl peroxidation was determingd L meensiering clye lormation
o tbne thiobarhituric acid reactive substances (TEARS) icrnmling o
the method diseribed by Olszewska Slpning e al. [23l; in addition,
malendizlichyrle (MOA) i was computed by wsing the formula
D=156x105 MM, Glulathivne prroxidass (G artwily wis
measersl according w Wendel et al, [24]. The activities of creating
kanase myncandial band (CE-AD0) and lactate dehydrogenase (LDH)
were determined with the aid of manual kils fellawing (e manngac-
turer’s instuctinns. Thie sullivdryd (eotal thiol) and non-protei thiol
{HET) comtents wote delermined a5 deserihed by Ellinan [25] Prosein
CEnCrRTaticn Was delermbined ws desonibed by Lowry céal, [26].

Histopathaolagy

Smiall pivers of hisart tissnes ware collecied in 0% lurmalin far
proper Axativn. The tlssues were processed and embodded in LT
alfis wae. SecHoins wilh thirknosses of of 5- B opm were made and
stained with lsaetuxylin and eosin for histopathulogical sxzini-
natkan [27]. The sides were codod before ssamination with light
micmseape by the invwestigators wha were blinded 1 the ool
and Heatnzent grogps.,

Statistical analysis

M owabucs anre wxpressed 22 mean 50, Tl tesl of siEilicance
betawen proups was estimited ane-sway AMOVA with Duane's ozt
lest. The level of sigrificance was laken as pe 0005,

Table 3= Effecls of GA on the anticaidant systems in the cardiac tissuns

Crmidbfwiile et al.: Gallic acid protected dokprubicin-inducod rargiac dyslunchion inrals =———— 21

Results

Cardiac antioxidant defence system

The administrztion of DOY led o a significant (< 0.05)
reduction in the activities of cardiac CAT, 300, GST and
GPx togelher with the significant (p-0.05) redurction in
the GSH conlent compared with the contol ETOLL
{Tahle 1), However, animals pretreated with GA prior Lo
DO administration showad significant {p < 0,05) improve-
merly in the antiokident zctivities of CAT, GAT. GPx and
G5H contents, respectively (Table 1) Furthermore, GA
prefreaiment alone signilicantly (p < 008) increased GsH
conrent al 60 mefkg relative lo the control and DOX-anly
frealment groups (lable 11,

Cardiac markers of oxidative stress

s shown in Table 2, the DOX administration significantly
reduced Lhe protein thiol relative fo the conlrol, whereas
pretreatment GA aod those thal received GA zlone showad
significant increase in protein thiol content (Tahle 2],
In another experiment, the levels of non-prolein chial
derlined significantly following DOE administration in
compirsen o the control (Table 23, Similarly, pretoeatment
with GA alone caused o significant incregse in the conleat
ol non-protein thiol [Table 2). Our results showed that fhe
cardiac niffic axide (MO} levels reduced significantly in
DOX-only treated rals compared with the contral (Table 2),
Furlher, pretreatment GA before DOY and GA prolreztment
alome cavsed significant improvements in MO Bicavailabil-
Iy [Table 2). The cardiac MDA increased significantly in
[H0K-unly teated rats compared with the control, whereas

of rats expased ta DOX,

Treatmeil CAT, mal of 500, G5y, GET, pminl COKE-GSH GPx, units/mz
fioup H. 0 consumed) unils{mg il cumplex formed; piolein
mitfrag protoln prodein lissues min/mg pratein
Groep A SLstLy 12.62£1.15 To.i0+1 38 BI3Ez0.04 LaFe t4 800
Group B 514 £7,2° INTOE .25 PR ED 00 0213k 1525424720
Croup € 53.3+r.30 21424023 ThE0E 0 IE" 0120035 1550527
Group D 5310 4,50 21,83 =20.08 TE.13+ ¢ 3oak A b KR D 16525 £ 4,18
Geoup F M. d=11 E1.9F L0.66 Fa. 0+ 6.30° .31 20005 [593.0=34.9
Grodp F H1EE1] FLETEO.LY TEAWED24 L1 1 S 161584365

The results are shown as mean + 50 for sach Zrawep of 10 r21s por group, pe 05 compaied with the distilled water controk gluip A, pe 0,05

compuared with the DOX-rested group &, Group A feontrol), receiver distiled saler fnr & days; Graup

8, rocalved B0K 35 mg/kg Lo, o day B

oy C, pretreatad with 6l mglkg GA oralky Fo7 7 tlays prior o the administratien of DOX 15 mg/kg 0. on day 8; Group D, pretreatod with
L me ke G0 orally for 7 days prier io the sdminisiration of BOX 15 mgtks iponday B; Sruup L recgived S0 ingfkg GA peally aloie lor

T days: Group F, rscsived 120 mg) g Gihvarally alons Tor 7 days,
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Table 2: Cifects of GA on the cardize markers of the axidative stress 2i1d inammation,

Treatmeni Prateio thlzl,  Monsproteln thiol, Nitric cxidn, MDA, pmod of MDA H,Q, pmolimg Myeloporoaidace
Frolps nmol{me protein  nmol/mg protaln Wmal/mg protein  formed!me protein prolein  activity, Ufmg protein
Graip A 147 =011 Lostnan 0.3540,06 O.55+0.45 13.2 0,37 4,002
Troup B 13214k pge 086 20,060 .31 001" 1237 L2260 (F IR e AL
Gronp © 144 20,09 0.2F =00 [k B3 I EL F.13+0.55¢ 19.6540,204 Shtde
g D ladz st 100 H0n3= 041 40,085 7200640 I3.00+0.10 | e
Gruup £ 1.adE0.16 1052004 042 2000%¢ [ 1162047 492101
Group F 1210 1e" 1052003 k.4 .08 EARZ 04T 13.2£0.37 fAiz0g

The rosults 2re shown 35 mean< S0 Far pach group of 10 rats per group,

"= 0005 compared with the distilled water contrel group &, 5p < 0,05

compared with the DOX-reated group 3. Groop A {oontiol), recehved distilled waler for 3 days; Group B, rocedved DOX 15 mg ke |, p_oi day &
Group L, pretredted with 83 mg/hy Go orally for 7 days prior 1o the administration of DOX 15 mg/ke i an day B Group O, pretreated with
120 ma/ ke GA crally far 7 days prior o the administration of DO 15 miE'kg ip. on day 8- Groap L recciend S0 med kg GA erally alose lor

? gays; Group Fseceived 120 mgfkg G4 arally alans for 7 fdays,

157
300 -
: 5
00 i
= z
b &5 504
10 -
0 - 0=
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oo <y

Figurn 1= Efect of @d ar cardiac marker cnzymes in DOR-reated fals.

e mesulls arg showin 25 mean+ 50 For sach group of 10 rels por groud, ‘p< 00049 compared wilh the distilled water conlml ErUE A S s
compared with the DOX4reatmeant yroup B, Group A (contrgl), received distilled watar lar & days, Group B, received doxorubicin

(D0E) 15 mg kg b o0 day B, Group ©, prelieated with S0 mgdxg gailic zord [2A) orally Far 7 days privs ta the adminisiration of DO 15 & ky
i-p-nn day 3, Growp O, pretreal=d with 120 e kg GA nmally for 7 days ariarto the administratian of DOX 1% mz/kg o on day &, Gronp F,
recelved cd mg ks GA oeally abone For 7 days, Group F, received 120 mig/ ke A paally alone For 7 duys.

G (00 and 1200 mg/ke) pratreated rads showed gignilicant
decline in canliac MIM content (Table 2). Similarly, 0o,
generation foliowed the same pattern as that of cardlac
MDA formation (Table 2), There was a significant increase
in K, generation followine DOX intosication in com.
parison with the cogtrol (Tahle 2). GA {60 and 120 makal-
treated rats showedl a sigmificant decline in H,0, genuration
close to the apparant values of the contral eroup {Table 2],

Cardiac markers of inflammation and cardiac
damage

The serum MO activity also increased significantly in
DO¥-only treated raes compared with the contral [Talale 2.
Gi-pretreated rals had lower MPO activiy compared witke
those that received BOX alone, The MPO values did not
retwen to normal control values. The serum activities of

Lotk LDH and CR-MB weare signilicantly elevated in DOX-
only realed rats compared with the control (Figure 1],
A pretreatiment significanty brought down the elevatad
values of these markers of cardiac durnage. Bowsver, these
values didl not retumn to near normal values {Figure 1)

Electrocardiogram (ECG) and haemodynamic
parameters

The ECG results showed rthat there was a significant
incregse in PR-wava, together with prolonsed OT, QT inter-
valand UT sexment in DOX-only treated rats (Figure 2). The
aforementionad ECG changes could not b2 ameliorated
with GA pretrearment (Figure 23, Arain, DOX administra-
tion &lan led (o significant increases in SEE, DEP and MAP
compared with the control (Figure 3], Howeaver, the higher
dosa of GA (120 mgike) ameliorzted the DOX-induced
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Figure 3 Elfvcts of G0 and Ga on syslolic, diastolic and mean arteriz] bood Pressne fueasnnements,

‘2" represents significance oz cempared with group A, The resilis are shawn 2t mean+ 50 for sach Eruup of 10 rats per wroup, R R L
Tifpzred with 1he distillag water LonIrG] Broup A, g 0,05 compared wilth the DOX-Arealiment group B, Groun & onired), recoived distillad
WleT PO B davs, Group 0, roceived BPOK 15 mg g i.p, on day B, Growp C, prelreated with B iy GA orally fur ¥ days arior 1o the adeninis-
Erativn of DOX 15 mygtkg g, an Aay 4, Group [, pretrented with 120 mgfky G& orally Far 7 days prior tn the administrakion of 00X 15 mg/kn
L. on day B, Group E, recehved 6o migikg GA orally zlene fgr 7 days, Group F, recnived 120 maskg 5A weally alune for 7 diys,

fvpertensiug as indicated with higher valyos of SBE, DBF by inflammatory cells am degeneration of myofibres,
and MAP (Flgura 3}, Together, inall the markers assesged,  Howoever, there are no visible lesions in the photornicr-
G at 120 mE/ by pavea better improvement in antinNilant  yraph of the heart section i razs Lhiat were pratreated with
defence syslem end radiiction in the markers gf nxidative  GA or those that received GA Alons (Fimura 4),

slress and bBlood pressure parametors,

Discussion
Histology

The foscieily of DOX was induced through the seneration of
The ral hearts intoxicated with DU al 15 mpdke body  the BOS and the amplification ol mitochondrial dysfine.
weight Lo, (Group B showe) focal areas of infiltration  riog leqding to exidative strass 128]. The highly toxic ROS
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Figure & Histelugy rosulls showing the elfects of 00K and GA o0 candac lissug,
Girgaps A feonerol), R4t bearts intoxizaied with DO a1 1 mg/ky budy woight Lp. Groop B and Craup C, prefrested with 80 mafkyg G& nrally fo
7 tays prigs tu the admirisiaticn of 00X 15 mgfig, Group O, pretreated witk 170 milkg GAorally fos 7 dags prior to the adminisiration of

O 35 mg kg, Group £, reccived 60 kg G5 orally alnne for 7 days,
tivit hemabosylin-vosin (H&E)-slained eart suctions (=£00 abjectives).

react with cellular molecules, including nucleic acids,
protein and lipids, resslting in c2ll damage. Due to ils low
level of anticxidants, such as 50D and CAT, compared
with argans like the liver and kidney, the myacardinm
15 highly susceptible to the deleterious activities of BOS,
To reduce the effeci of BOS on (he heart, commbining DOX
with agents possessing free radical-scovenging properties
woulid Block the frec radical-mediated boicily and previnl
its uxidative siress and tissue injury without affecling irs
anfitumor activily,

GA is 0 strong antioxidant with the abilily fo confer
eytoprutection sgsinst exidutive damage by sCEVenging
free radizals. As a poly phenalic compound, G4 has the
rapacity to selectively inhibit the growth of some cencer
cells without harming healthy cells [29]. The CAT, an
engymatic anliccidant prezent in the ortoplasm, aids the
removal of HO by breaking it dovm to water and GHyEEn
melecule using 2ither iron o1 manganese as co-factar, (0
this study, a significant {(p<0.05) reduction in the CAT
activity wiss reconled in rats that received DOX alane rom-
pared with the control, The reductivn in the CAT artivity
indicates oxidative stress, s reported in previows studies
[30] The CAT aclivity in groups pretreated with Ga (50
and 120 mgfke) incregsed compared with the DOX-rreated
group. This shows that GA scavenged the generalion of

Group F, received 120 my/kg GA orally alune For 7 days. Regresonta-

free radicals. Findings in Lhis study are similar oo earlier
feports by Padma et al. [31] who reported (hal GA maln-
tained CAT activiry in the pretreated animals.

SOT2 participates In the first loe of defence during
oxidative stress by comverting the su porcxide  anion
radical (0,7} to H O, whereas GEX and CAT reduce H,0,
Lo water and oxyeen. respeciively. [n addition, GET hrinas
about the detoxiflcalion of toxic clectrophiles tincluding
metabolites of DOKY with the help of GSH as a co-faclor to
miie soluble and less toxic melzbolites, whicl can aasily
be excretel by the kidney [32). In this study, the activily
of 30D was reduced in tissues of the DOK-treated TR
compared with the control. This may b attributed 1o the
lovel of free radicals peperated, which might kave gver-
whelmed the enzyme activity, However, the 50D aceivity
increased in groups thal received 50 and 120 mg i of GA
eompared with the DOX group indicatine that Ga had the
ability to increase the activily of SO0,

Beduced slilathione {G51) is 2 natt-chnevmaic free
radical scavenger that prsvents Lhe generation of free
radical from biological membranes [33], The level of GSH
was significanty decreased (p <0.05) In rats lreated with
15 mgfkg DOX compared with the contsol, This migh
bt due oo reduction in the level of GSH by DOX with a
resultant enhancement of oxidalive =ress grul membrane
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lipid peroxidation. A significanl increase (poc0.05) was
recorded in groups pretrsated with 60 and 120 mg 'k A
in comparison with the DOX conteol group, This impiies
that, a5 an anficxddant, GA can maintzin e level of GSH
in thi bady [31].

Glutathione-5-transferase (GST) plays an imporsant
tele in the detoxificalion of xenohintics, drugs znd car
cinngens gnd thus protects the cells against redox cycling
anc uxidative stress, In this study, we ohserved a signifi-
cant reduction {p<0.05) In the activity of rats adminis-
tesedd unly with DOX compared with the control. Haturally,
the heart bas a low level of GST and an overwhelming
seneration of free radicals due to [HIX mizht be respon-
sibla for the significantly low level of GST, However, the
beved of GST was significantly {p<0,05) increased In 1l
pretreatal with 120 mg/kg GA. This is probehly duse to the
ubility of GA 1o activate enzymatic anticxidant Sysiem
thereby preventing the cardiotoxic effect of D%, This
result corvelates with a siudy hat showed the ahilily of GA
in maintaining F5T level in che heart [311

GFs catalyses the hreakdown of HO. and organic
peroxides through the four selenium co-factors it con-
taans, Comparad with the contral, the fevel of GPx was
significantly decreased (p <005} in DO¥-treated rals and
those treatad with 60 mefkg GA+DOY, The reduction in
the GEx activity was probably due to the mopping up of
Px by Irez radleals senecated Ty DO, However, in rals
that received 120 mgfkg GA -+ DOX, there was & sigmifi-
cant increase (peo0.03] in GO i comparison with those
{redled with DOX alone, this is probably due Lo tha ahility
of GA in maintaining endogenous antioxidants [34],

The RO poduction was significantly incregsed
Lp<1h05) 0 rats treated with DOX alone conlrary to a
report By Panchul el al. wha reported a significantly low
level of 1,0, production alter the adminkstration of DOX in
rats [33]. The increasad produclion of H.O, with the depla-
Hen of G, CAT and GSH contents enhances foxicity 1o
cardiac myocytes. Though insignificant, rats pretreatad
with GA and DOX shower a decrease in H.0, generalion,
which can b2 attribuled Lo the ahility of the aztioxidant
(GA) to prevent the delererious effact of frae radicats.

[n the present study, the NO level was significantly
incrensed (p00%) in rats treated with DOX alone com-
pared with the control. However, protreatment with G4
before the administration of DOX caused o significant
decrease (1 < 03] compared with the conerol. This could
b duer Lo the direct activn of GA In donaling its hydrozen
atorn, thereby stabilising NO. This causes a decrease in
the level of [ree radicals formed, thus preventing oxidative
damage. N0 plays u significant rale in both cardiac Nine-
fon and disease. The production of MO via constitutive

Umol-dwale et al.; Gallic acid protected dosorubicin-induced carding dysfunction in rats =— 25

WO synthaze (NOS} zerves o modulatory function in con-
Lractility and ood Qow ragulasion.

The protein amd non-protein thiol levels were sig
nificantly decreased (pe005) in DOX-treated rats com-
parad with the control group. However, treatment with
GA coused a significant [p.c 0,05) increase in the levels
of both protein and non-protein thiols compared with the
IHIE-treated group,

MFQ activity was significantly increased (p-0.05)
in animals weated with DOX, proving that DOX encous-
iyed the elevation of MPO activity, as reported by Elberoy
et &l. |30]. Though insignificant, the MPD activiey was
gecreasad in animals pretreated with GA compared with
those treated with DOX alone, This is due o the ahbiliy
ol the poly-phenolic agents like GA to inhibit 1he enzy-
matic activity of peroxidases, thereby reducing the oxi-
dative siress induced by the pemoxidase by-products.
MFCD belongs to the home peroxidese supesfuenily of
enzymes wnd it generates a large number of oxidants and
radical species (hal can initiate lipid peroxidation znd
promole Lhe post-rranslational modifications of lareet
proteins |37]. Secreted by neutrophils, monocytes and
cerlain gssue macrophages, MPO, as part of its normal
Rost defence mechanism, generates a variety of reacive
uxygen and nitrogen species wihat are uselul in destroy-
ing pathogens, These oxidants may also exert dalierlons
elfects on the vasculalure, The links that have been estab-
lished among the MPO, oxidation and cardinvaseular
dizeaze are suggeslive of the fact that this enzyme may he
clinivally uzeful in assessing the starus and oulcome of
cerlicvascular diseaszes.

The increased serum activities of the CEME and
LK leviels were ob=zerved in rats that raceiverd DOY alone
compired with Lhe contral. This s g result of the axida-
tive stress induced by DOY, which lad to the perosidalion
of heart lipids accompaniad by the release of CE-MB and
LDH into the serum, This result agrees with studies pre-
viously reported elsawhere (38, However, rats pretreated
with GA showed o decrease in the levels of CE-ME and
LOH rompared with rars treated with DOY alone, demon-
strating Lthe ability of GA w protecl agzinst DOS-nduced
cirdizc damaps,

Histology results showed no visible lesions In the
contrel group, whereas in group B, the beare section
showed the focal ateas of infillralion by the inflammatory
cells and the degeneration of myolibres, This finding is
simmilar to that of a past sludy, which reported that DOX
caused damage to the muscle fibres [39]. The degen:
eration ohserved with inflammatory cell infiltration sy
pestad an on-going injury state and this can be atiributed
to the effect of DOX. The free radicals formed by the action
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of DOX bed o cell damage, The were no visible lesions
in the photomicrographs of the heart seclions of ats in
Groups ©, 0, K and F. This may be due o the shility of GA
W scavenge the free radicals responsible for the aliera-
tions in cell viability.

ECG 15 a commonly used, non-invasive procedore for
recarding elecirica! changes in the heard, The waves in &
sormml record are named B G, B, 5 and T, in alphabeti-
cal order. In this study, a statistically significant (p< 008}
decreaze In heart rate with a rise in the P wave duralion
was recoried in the DOX-treated group compared with the
control. In addition, the statistically significant {p - 0.05)
increases in both the P-R interval and the QRS duration
wire recortdad with the clevated OT intervals, These find-
ings corielale with those of Shah el al, [38] who reported
Lthat DOX admintstration vansed injury with evidence of
0T profonyation, increase in QRS complex and decregse
in heart rate, However, thers was a decrease in P wave
wilht o significant decrease in the PR interval and Q8RS
duration in greups pretreatad with GA, This iz dus to the
abiility of GA to resrore the ECG changes o nonmal levels.,

There was also an increpse in S0P, DEF and MAP in
thee Dil-freated oup as compared with (e control group.
[fowwiver, thare were minirmal changes in the SBE, DIV and
MAP of rals pretreated with (A, sugsesting that GA can
restone BE towards a notmal value. This Anding supports the
report by Fatel und Geyal [80], whocomcluded that rsatment
with GA reduced Blood pressure and increasad the heart rate.

In conclusion, this stady showed that in aileviating
the toxic effect of DOX, GA sxaried ite [ree mdical scry-
crging ability and hoosted the endogenous antioxidants
in mopping wp the ROS.
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