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ABSTRACT 

Cisplntin nnd gentnmicin are potent chemotherapeutic ngents whose clinical efficacies 

have been dcmonst.roted in mnny humnn mnlignaneies and life-threatening bacterial 

infections respectively. Nephrotoxicity, ho,vcver, limits the full clinical utility of these drugs. 

This study investigated the protective effect of methanolic extract of soybean (MESB) 

ngninst this adverse effect nnd the mechnnisms for protection. 

Nephrotoxicity ,vas induced by the ndminist.rotion of gentamicin (80 mg/kg/day 

subcutaneously for 12  days) and cisplntin (2 mg/kg/day intrapcritoncally for 5 dnys) one-hour 

ofter oral administrntion of 250-1000 mg/kg/day !vlESB in rats. /11 vitro. the nntioxidnnt 

activity of MESB wns investigated in the trolox equivalent antioxidant capacity (TEAC) 
' 

[using 2,2 -azinobis{J-ethylbenzothiazolinc-6-sulfonatc] (ABTS)], ferric reducing antioxidant 

po,ver (FRAP) and reducing po,ver (RP) assays, ns ,veil os in Fc3·/ascorbntc· nnd 2,2,­

nz.obis(2-nmidinopropane) hydrochloride (AAPH)-induced lipid peroxidntion (LPO) models. 

The radical scavenging activity (RSA) of lv!ESB on hydroxyl (OH'), superoxide (0"2), nitric 

oxide (NO') and I, l-diphcny-2-picrylhydrazyl (DPP!l') rodicnls ,vas also evaluated. MESB 

,vns fractionated by column chromatography over silica gel60 and sephndex LH-20. 

Separated fractions were subjected to thin-layer chromatogmpby. Data ,vcrc analyzed by 

ANOVA. 

Cisplatin-associatcd increase in Blood Uren Ni1rogen (BUN) ,vas significantly (p<0.05) 

decreased by 49 .8%, 59 .0%, 21.1 o/o and crcotininc by 34. 7%, 62.1 %, 24.6¾ follo,ving 250, 
500 nod 1000 mg/kg MESB administration respectively. Elevation in BUN caused by 

gent.nmiein ,vas significantly (p<0.05) decreased by 76.5%, 76.6% and creatinine by 78.6%, 

77 .7¾ follo,ving treatment ,vith 500 and 1000 mg/kg t-.•IESl3 respectively. Doses of MESS nt 

250, 500 and 1000 mg/kg increased significantly (p<0.05) cisplntin-associotcd decreases in 

the activities of supcroxide dismutnsc (SOD) by 103.9'1/o, 219.5¾, 28.6%, catalnse (CAT) by 

11.6%, 27.8%, 8.4¾ and glutnthione-s-trnnsfcrasc (GS1) by 103.0o/o, 110.4¾, 53.7% 
respectively. Decrease in glutnthione (GSl-1) level induced by cisplotin also increased 

significantly (p<0.05) by 145.6%, 250.7% and 34.0% respectively nl these doses. Similo.rly, 
gcntamiein-nssocinted reduction in the nctivltics of SOD increased by 11.2% and 33.2%. 
CAT by 11.7% and 95.0o/o, GST by 44.7¾ and 89.4¾ ,vhilc GSH level increased 

significantly (p<0.05) by 184.6% and 161.5% nt 500 and 1000 mg/kg doses respectively. 

Also, MESB prevented gcntamlcin-associoted dccrcoscs in renal nctivities of y­
glutamyltransferase by JJ.8% and 84.7% and aspnnntc aminotransferase by I 1.9% and 
13.So/o. Funhcrmore, MESB pri:ventcd cisplatin-nssoclntcd increases in urinary N-acct)l·P· 
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xviii 

D-glucosaminidase excretion by 37.7%, 49.2%, 14.6%, serunl NO production by 35.5%,

36.4%, 33.8%, LPO by 46.4%, 54.6%, 41.6% and activities of mycloperoxidnse and xanthine 

oxidasc by 26.8%, 40.6%, 7.4% and 0%, 2.2%, 17.9% respectively in the rats. /11 vitro, the 

antioxidant activity of lvlESB ranged from 24.8±5.6 to 228.0±13.6µmol trolox equivalent in 

the TEAC assay at 125-500µg and also demonstrated marked RP. Fe3•/nscorbate- and 

MPll-induccd LPO ,verc significantly (p<0.001) inhibited by 46.3% and 40.0% at SOOµg 

respectively. MESB ex.hibited maximum RSA of 24.1% (50µg). 68.2% (50µg). 55.6%

(ling), and 11.6% (50µg) on NO·, 0·2, OH· and OPP!-(· radicals respectively (p<0.05). 

Phytochemical annlysis revealed the presence of nntio�ddnnt phenolics ,vith dihydroxy and 

trihydroxy groups. 

�1ctlumolic extract of soybcnn protected against cisplotin- and gcntan1icin-ossociotcd 

rcnnl dysfunction and injury probably by antioxidant, free radical scavenging and anti­

inflammatory activities attributable to the presence of phenolic compounds. 

Key ,vortls: Nephrotoxicity, Cisplatin, Gentrunicin, Antioxidnnts, Soybenn extract. 

\Vord count: 500 
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CHAPTER ONE 

I.I INTRODUC1'JO'J 

Nephrotoxicity con be defined os renol inJury or dysfunction that arises as o 

di�t or indirect result of  exposure to drugs and industrinl or cnv1ronmcn1al chemicals 

(\VIIO, 1991). Over the last 30 years, 1t hos become 1ncrcasmgly obvious thot the 

kidne) is adversely affected by mnny chcmico.ls. The level of exposure vnncs from 

minute qunntities to very high doses. Exposure may be chronic or limited to o single 

event. nnd ii moy be due to o single substance or to multiple chen,icals The 

circumstances of exposure moy be inadvertent. occidental, or intentional o, erdosc or of 

theropcutic necessity. Some chemicals cnusc o.n acute injury nnd others produce chronic 

rcnnl chnnges that may lead to end-stage rcnnl failure and n:nol malignancies. The 

extent lllld cost of clinically relevant nephro101ticity bccon1e apparent during the lost 

t,vo decodes. Ho,vcver, the full extent or the econon,ic imp;icl of chemieolly induced or 

ru;soeiotcd ncphropothy is difficult to define because the d1ngnos1s or early inJUI') and 

the documentation of the cascade of sccondnr) degenerative changes hove not been 

odcquntely identified. Instead many chemicall) QSSOe1a1ed renal diseases Qf'C only 

identified os acute renal fail we or os chronic renal failure nt n , cry hue sUlgc ,vhen 

therapeutic intervention is impossible. tvlore in1portnn1ly al this s1t1gc, the eltology mny 

be obscured by lock of reliable information on the likely causntive agents, the levels 

o.nd duration of exposure, o.nd otJ1cr possible contnbuting nnd t:\caccrbn1ing factors. 

�-�-

Epidemiologico.l evidence indicates lhat ncphrotoxicil) lending to ncute and/or 

chronic rcnaJ failure represents a substanltal finnncinl burden 10 society (Nuyts er al , 

1989, \VIIO. 1991). Indeed, ilierc is some ind1ca11on 1h01 chemical exposure could play 

a much greater role in ilie very high 1nc1dence of cnd-s1asc renal disease encountered 1n 

ncphrolOS) and dinlysis cUnics than is currently considered to be the case. 

o,,ing to its diverse funeLions nnd small mass in rclnllon to Lhe resting cardiac 

output that ii ho.ndles, ilie kidney is a 1nrse1 both for chemicals 11101 ore 

phannocologico.lly active and for toxic meLabolitcs. The nephron and its related cells 

perform o diversity of  physiologic.ii functions. 11 is t11c mnjor orgnn of e>.erction and 

homeostnsis for water-soluble molecules Because it is a melaboltcnlly oetivc organ, 11 

can conccntrote certain substances actively In ndd111on. its cells have the potential to 

il\llct,vatc: chemicnls and mctabolicolly oc1tvate o , onety or compounds. There ore a 
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number of other processes that establish the po1cntial for cellular injury. Specific 

physiological chOJUclcristics arc localized 10 specific cell types. This makes them 

susceptible 10, and lhc targcl for, chcm1cals. The clTccl of ony chemical on o cell may 

be phnnnocologicnl nnd 1oxicological, in ,vhich case the e1Tec1 is dose rcln1cd ond 

occur.. only as long as the concentro11on of the e1Tec1or is high enough to be active. The 

cell responds 10 injury b) n:pnir and the kidney responds 10 ccllulnr lesion by rcnnl and

cxtrorcnnl odnp101ion 10 compcnsa1c for loss of thal cell func1ion Although there 1s a 

substnntioJ capacity ,vi1hin the kidney for n:prur, tJ1erc ore oJso several circumstnnccs 

,vhcre damage moy be irreversible. In gcncroJ, lhc proximal nnd dis1al 1ubules and 

wolhclio con be repaired, but tJ1c glomcruli and medulla may have o s1gnificnntJy lo\\-cr 

repair faeili1y. It is, tJ1crcforc1 possible 10 inilialc o series of dcgcnero1ivc changes os 11 

rcsuh of interfering ,vith one or more of the normal physiological processes. 

The Environmental Hcahh Cri1erio monographs normally focus on induslrioJ 

chemicals, bu1 ot present most of the c:,cperimen1ol 1111d human informalion on 

nephro1oxicity is based on therapeu1ic substances(\\ HO, 1991 ). These dalll ore mosl 

useful because there ore animal and human co1nparisons for specific chemicals ,vhcre 

the levels of exposure and the ncphro1oxicolog1cal consequences ore ,veil docwncn1cd 

Fron, these doto it hos been possible 10 gle.nn sonic understanding of mechanisms of 

primary injury and the long-term consequence:. and hc;ilth significance. Thus, these 

compounds arc gcncroJly \\'CU studied, and the more rollonol understanding of the 

mcchnnism of their ncphrotoxicity in animals and man pro, ides the bnsis for volidating 

extrapolation bet,veen species and making rotionnl risk assessrnc:nL 

Clinically, o vast number of nepluo1oxicnnts cw1 produce a variety of clinical 

syndromes- acute renal failure, chronic renal failure, ncphrotic syndrome, hypertension 

and renal tubular defects. The evolving unde�londing of the pathophysiology of 

1oxicnn1-mcdioted renal injury has in1plicntions for polcnuol therapies o.nd prcvcnuvc 

measures. 

Acute renal failure (ARJ-') may occur in 2% to 5°� of hosp11ahttd patients and is 

frequent in intensive core uni IS, alTccting up to 30% of pntients (13rivc1 et al, 1996, de 

Mendonca et al., 2000; Liano et al , 1998). 111c n1ortnlity of ncu1e reno.I failure is 

upproximntlcy 50% (Joseph and Nolly Jr, 2002) Fro1n laric but sepnrote dntnbascs of 

US hospitoliz.otions in 1hc past IO 10 15 ycm, there 1s c, 1dencc for a marked increase in 

the incidence (Woikor et al , 2006; Xue et al • 2006).
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Nephrotoxins (in fonn of theropeutic dru@s, industri3l or environmental 

chemicals) moy account for opproximotcly S00/4 of oil cases of acute ond chronic renal 

failure. Aminogl)cosides (e.g. gentrunicin) and plo11oum coordination complexes (e.g 

cisplotin) ore among the most common drugs associated ,vith nephrotoxic injury 1n 

hospitalized patients. About 300/4 of patients treated ,vith gcntamicin for more than 7 

doys show some signs or nephrotoxicity (Atcssoh1n ctn/., 2003) ond this side cITect ond 

other complications that orise from the use: of this drug hm11 11s clinical usefulness 

Similarly, despite the use of optimal methods for ad1n1n1stenng cisplotin, such as the 

use of octi\lC hydration (Cvitkovic et al .• 1977) or sodium chloride ns the vehicle (Ozols 

01 nl , 1984), approximately 30% of patients still man, fest ncphrotoxicit). Ren.11 inJW) 

arising from these and ot11cr thernpcutic agents is ,,1dely recognitcd to le.id to high 

morbidity, increases the lcngtl1 of hospital stny, increases costs, and high rotes of 

mortality in hospitalize-cl patients (Brivct et al , 1996; de Mendonca et al , 2000; Liano 

ct al., 1998; tvlctnitz et al., 2002). Interestingly, I.be n1ortality rntc hns not decreased or 

chnngcd significantly over the Inst 40 years. �lanagement of 1\Rf in critically ill 

patients remains primarily supportive until renal function recovers. Thus, an) 

therapeutic strotegy "'hich prc\lcnts or reduces either the 1nc1dcncc or morbidity of ARF 

,viii be of bone fit. T herefore, the need for urgent and cITccuvc methods of reducing the 

predisposition to, or mitigating renal injury ansing from the use of therapeutic agents 

becomes imperative. Except for a fe\\ isolated studies, the vast mnJority of nn1mal and 

clinical studies ha, e > ct to demonstrate conclus1vcl) the benefit of ph:umncologic 

lreatn1cnt of acute kidney injury. 

Therapy ,vhich en1bruccs ilie consumption of plant products rich in Onvonoids 

h:lve been documented to provide benefits ,vilhout the adverse effects of 

pharmacological agents used in clin1cal prnct1cc Pol)phcnohc compounds arc "idcly 

distributed in edible plo.nts (Sergedicnc et al , 1999) and have been suggested to protect 

agninst o variety o f  diSCllScs (Johnson et al., 2005) Recent 1n, csugntions suggc)t that 

pol) phenolic components of higher plonts may act as anuoxidants or via otllcr 

mechanisms contributing to disc:nse processes (\Vo.ng et al., 2000). Recent findings 

have also demonstr.itcd that polyphcnols cross intestinal barriers and ore sufficiently 

absorbed to hove the potential to exert biological effects (\Villinmson & �lonach, 

2005) In the light of these. the possible therapcuuc potential of soybean (rich in 

polyphenolic compounds or isoOavoncs) ,vas e\'aluated in cxpenn,cntnl models of 
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ncphrotoxiclty nnd acute renal failure induced by gcnt:imicin ond cisplntin in rots in this

study. 
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2.1 

CHAPTER T\VO 

LITERATURE IU:\11E\\I

KIDNEY STRUCTURE 1\ND FUNCTIO 1 

2.1.1 THE NEPHRON 

The kidney is divided into three main regions, conex (outer), medulla (inner), 

and pc his (Figure 1 ). \Vi thin the concx orise the renal corpuscles, de lined as 

supcrficuil. midcortical or jwcuunedullory depending on the nnntomicnl location of the 

ml3I corpuscle in the concx. The ncphron is the functional unit of lhc k.idoc) and 

consists of a continuous tube of highly spceiolized heterogeneous cells. \\hich sho\\ 

sub-spcci:,,Jization along the length of nephrons nnd bet\\een them There arc mari..ed 

structural nnd functional differences bet\\ccn the nephrons arising in the cone."( nnd 

those arising in the jUXlamedullory regions. The tow number of ncphrons varies 

bcl\vecn dilTercnt species :ind "'ithin any one species ns n function of oge. The 

macroscopic difTcrc:ntiation of the IJdncy 1010 distinct zones arises not only from the 

regional ,-ascubrity but also from the \\'llY dilTcrent functional pans of the nephron arc 

1m1t1gcd "',thin the lidnC). A more detniled account of the ultrnstructure of the 

morphologicall) defmable regions of the ncphron and their funcuonal 1ntcr-rel3lionship 

has been pro,idcd by Moffat (1981, 1982), Bohman (1980). and �l.iunsmch tt al.

(1980). The ncphron nomenclature has been stilndard11,ro b) the Renal Commission of 

the lntcma.tional Uruon of Physic:,J Sciences (Kriz and Bnnk,r, 1988).

2.1.l.l Cellular bctcrogcocit) and ce1J-cell lotcr11ction 

Tom: arc "'ell o,er 20 morpholog1call) different cell l)pcs (based on light 

miaoscop) alone) in the 1...idney, and "'hen histochcmica.l and immunohistochcmica.l 

methods arc applied to renal tissue sccuons the dl\crs1t) of cell t)pcs i) e,en more 

apparent The spectrum of biochemical (and 1tn1Ctur.al anJ funcuonal) characterisucs in 

these cells demonstralCS the very marked heterogeneity that 1s the lullmarl or the 

lidney. It 15 "'ell established th.,t the el(prcssion of many of these b1ochem1cal 

charactcrisucs is an integral of the funcuons of that �1cular region of the lldney, nod 

there is the potential to change the c"prcss,on of tt charactcri�llc,j in terms or the

demands on the Lidney. Theie 1ncluJe \lo"lter anJ clttlrol)1�, d1et.u) f1e1on.. and

---�.!-ch"!oc�o!!!.11ca.l�s�"'ith phann.ocological a.od toxic elfccu, or OU) be 1U a result or  chemical anJ
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2.1 

CHAPTER T\VO 

LITERATURE llEVIE\V

KIDNEY STRUCTURE ,\ND FlJNCTION 

2.1.1 THE NEPRRON 

The kidney is divide.d into three mnin regions, cortex (outer), medulla (inner), 

Md peh·is (Figure I). \Vi thin the cortex arise the renal corpuscles, defined os 

supcrficia.l, midcorticnl or ju.,cuunedullary depending on the nnoto1nical location of the 

renal corpuscle in the cortex. The nephron 1s the functionol unit of the kidney o.nd 

consists of a continuous tube of highly specialized heterogeneous cells. ,,.,hich sho,v 

sub-speciolization along the length of ncphrons and bcc,veen them. There are marked 

structurnl and functional differences bel\vcen the ncphrons onsing in the cortex nnd 

those arising in the juxtamedullary regions. The total number of nephrons varies 

bet\\·een different species nnd ,vithin o.ny one species os a function of oge. The 

l03C10SCOpie diffacntiarion of the kidney into distinct zones arises not only from the 

regional \'llSCultuit) but o1so from the ,,-ay dilTercot functional pans of the ncphron ore 

a.rranged wtlhin the l..idne). A more detailed account of the ullr3.Structurc of the 

morpbologicnlJy definable regions of the nephron nnd their funcuoru.l inter-relationship 

has been provided by t..1offat (1981, 1982), Bohman (1980), nnd t..lounsboch ti al

(1980) The ncphron oomcnclauue has been standardized by the Renal Commission of 

the International Union of Physicol Sciences (Kriz nnd Bonkir, 1988). 

2.1.1.1 Cellular heterogeneity and ccll-cell ln1er11c1ion 

There are well o, er 20 morphologically d11Tcrcnt cell types (based on li&)lt 

rrueroscopy alone) in the kidney, and \\hen h1stoch1:m1cal nnd 11nmunoh1stochem1cnl 

mcthod_s are applied to renal ussue scc:uons the d1, e"it> of cell typcs as even more 

apparent. The spectrum of b1ochem1cal (and structural nnd func11onal) chlll1lCteris11cs an 

these cells demonstralCS the very marked heterogeneity that ll> the 1131lmarL. of the 

lidney. II is \\ell established that the expression of many or these b1ochem1cal 

cbaructcrisuc_s 15 an integral of the funcuon_s of that p;ttticular region of the kidney, and 

there i_s the potential 10 chnnge the exp�1on of th.-,c charoctcnst1cs in lcnru or the 

demands on the IJdney These include \\atc:r anJ clcctrol}tcs, dictar) facton, and 

chemicals �ith plwmacological and IOlUC c:1Tc1.b, or lllll) be tun result or chemical nnd 
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other types of injury. �1orc imponantly, lhe characteristics of o cell may make it either 

rt$iSIADI or sensiti,·e to the target selective toxicit) of o chcmicnl. 
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f'iptt I Scbrmt "' Acph,ua Thu tdaav. dcpicU • sbort·looped uJ a long-looped ntpbron 1oerui« 
"0 the collccung S)'llffll Withia the torttlt • mcdullary fl)' IJ dchnntcd b) • dulled llllr I • mul 
CIOrpu.Klt iocllld111& �-·s c.apsuk aad die p)lllffll!m (glomffl,IM run), 2 • pro\1nat con,otutcd 
lllbult, l • proxmal stral&h& Cllbuk, 4 • dctcffld.,1 Ihm hmb, 5 • &Kmdln1 lhin limb, 6 • dl\uil lll"l ght
lllbuk llhk._ aaccod1111 hmb), 7 • rucvla dalU located ,.ilhtn lhc fin.al portion or lho lhk._ &Kcndma
limb, I• disul con,oluted tubule, 9 • alllMffllll tu.blle of Lbir ju\tMMdullll)' ntpluon 1h11 fonnt an 
arcadt, 10 • cortical coll«un& due1, 11 • OU!ff mcdull.lry coll«t1111 du<t, 12 • IMff l'lledull,11) 
«»l'r,c1Lgduct. From Kriz&: Ban1Jr(l911)
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2.1.1.2 The glomerulus 

Toe glomerulus fom,s the initial part of the nephron and functions os n 

relo1i,cl) poorly selective mncro-moleculnr exclusion filler to the hydros1otic pressure 

of the blood. Toe number of glomeruli is, in general, related 10 the moss of the species, 

o.nd the size of each glomerulus depends, nmong other factors. on the environmental 

v.111cr b:illlllce. Three anntomically distinct types of glomcruli con be iden1ified: those in 

the supcrficinl cortex, \\hich a.re part of lhe superfieinl nephrons: those arising in the 

midcorticaJ � and those of juxlllllledullory orig.in, \\'hich continue os ncphrons thnl 

loop d0\\1l into the medulla. The structure of lhe glon,crulus is complex (Figure 2) ond 

has only been defined using scanning ond tronsmission electron microscopy 

(?-,1ounsb3ch et al., 1980: MofT01 1981, 1982) 

The glomcrulor "tuft" i s  mode up of n number of capillary brunches thnt arise 

from the afferent arteriole, nonstomose, and drain to the efferent o.neriolc. There nre 

also communicating vessels bet,,-ecn the branch capillaries. l'hc fenestrated 

endothelium cannot prevent plasma molecules from leaving the lumen, but n negatively 

charged cell cont imp3rtS some selective pcnneobility. The enpillnries nrc in direct 

contact \\1th the glomerulor basement membrane (or bnsnl lnminn), ,vhich, ,.,,hen 

,ie\\cd under the elcctron microscope, can be divided inlo tlucc loyers: the lnm1nn rarn 

intcma on the endothelial side; the ccnuul lnmina densa: ond the lnminn mm extcmn, 

which is in direct contact \\ilh the epilhchnJ cells (the podoeytcs). The basnl lnm1no 

conuins collagen (most!) Type IV) Md siotic oeid ond 1s rich 1n glycosnminogl)cons, 

mainly hcparan sulfate (K.anv.111 ond Fnrquhor, 1979), ,�h1ch provides o strong!) 

IIUOnie mocromolecular filtn1tion barrier 

The capillary tuft (enshcathc:d in its basal lnm1nn) is surrounded by o number of 

podocytes, each of which gives nsc to scverul pnmary proces� (trobeculoe) These in 

tum ghe rise to secondary processes, and, fin.oil)', to numerous tertiary foot processes 

that arc embedded in the lam.inn rara extemo. 

The foot processes of one podocyte 1nterd1g1u11e \\1th 1ho:.c of o.n adjacent 

epilh<lial cell for odjacent unbeculoc The surfaces of the podocytcs an: co,crcd b) a 

strongly anionic cell cont that extend, to the space) bct\\ccn lhe foot proc� It I)

through these spaces that the glomcrular filtrote reaches the lumen of Dov.man's spxe 

Thus, the podocyte provides o structural 5upport for the bll:11 l.im1na and ma) oho 

serve to provide add111onol anionic forces for tllc pr� ol b1olog1cal ultrnfiltmt1on It 
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bns been suggested that podocytcs may have phogocytic properties and undergo 

contraction (Moffot, 1981 ). 

The axial regions of coch glomcrulus cootnin tnesangial cells. These cells 

undergo contraction ond may thus control glomcrular blood tlo\v via biogcnic nmine or 

hormonal control. Of equnl importance is the observation that these cells toke up large 

molecules {such as colloids, immune complexes, nnd protein aggregates), \\1hich may 

eventually be disposed of via the renal lymphatic system. 

The driving force for fillrOtion is provided by the glomcrular copillnry 

hydrostatic pressure (,vhich is controlled mninly by the vnsculnr tone of the afferent and 

efferent arterioles), minus both the plnsma osmotic pressure nnd the hydroslntic 

pressure in the Bov.man's space. The resulting "effective filtration pressure" across the 

b3snl lamina is about 1.2-2.0 kPn (10-15 mmHg). Selective filtration is achieved 

primarily on the basis of size restriction by the basement membrane, ,vhich impedes the 

passage of macromolecules ,vith an effective radius greater than 1.8 run and completely 

p�ents the filtration of macromolecules \\rith nn effective radius greater than 4.5 run. 

In addition, the presence of fixed negative chnrges on the endothelial, epithelial, and 

basement membranes hinders the filtration of nnionic n1acron1olecules ,vhile facilitating 

the passage of cationic macromolecules. The selectivity of filtration is, in pan, o 

consequence of the anionic natwc of the basement membrane, ,vhich blocks or slo,vs 

the passage of negatively charged or neutral macron1olcculcs and leaves those carrying 

o cauonic charge and smnll molecules (irrespective of charge) to pass unin1pcdcd.

2.1.1.3 The proxlnu1I tubule 

The proximal tubule is found only in the cortex or subcorticol zones of the 

kidney. Arultomically each proximal tubule con be divided into the convoluted pon1on 

(pMs coovoluta) and the shorter su-aight descending portion (the p� recto), ,..,hicb then 

continues to become the descending limb of the loop of Henle It moy be sub-divided, 

by a number of morphologic.il o.nd functional feoturcs, into thn:c segments, S1, S1, and 

S). 

The proximal tubule plays a decisive role in maintaining homeostnsis Tots 1s

achieved ,vhen sodium and chloride ions flu,, from the tubule lumen to the pcntubulnr 

caplllnries under the control of o number or proccssc� such as nonspecific 

electrophysiological gradients and selective octl\c transport mechanisms \Voter 

follov.-s the ions by osmotic effeclS In oddit1on, h)drostotic p�ure, anributoblc to the 
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Figure 2 OlomcNlus o.nd jux11tglomcNlar complex, consis1111g of affcrcnl arteriole (AA) IYilh the 
aranular cells (JGC) or 1hc jux1n11lomeNlnr 1pp.1nuus, lhc cxuuglomcNlar mcsangial cells (Er.IC), 1hc 
m1cul11 dcRS3 {t-lDC) scgmenl or the ascending loop of I knlc, llnd 1be cITcrcn1 ancriolc (EA). Also 
lllo"'ll arc lhe proximlll 1ubulc (VT), Bowman's SJ>IICC (BS). glomcNlar c-opillnrics (GC), pcri1ubular 
c:apllhuics (PC), mcsangial cells (t-1C), llnd ncrv• fibres (N�l From: Schrier & Gon,chalk (1987) 

presence of both proteins and glycosamino-glycans (\Volgast er al., 1973), contributes 

to ,vatcr movement from the epithclinl cell to the interslitiu1n nnd thence, by nn osmotic 

gradient, into the copillnrics (Voltin, 1973). The nu.x of ions \vithin lhc proximnl tubule. 

including the nbsorplion nnd secretion of HC01' nnd W nnd the ttlumen trapping" of 

ammonium ions, con1r0ls rcnnl ocid-basc regulation (Voltin, 1973). 
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Those proteins thnt hove passed Crom 80\\mnn's capsule (a significant amount 

or albu,nin in the case of normal rats) nre reabsorbed in the proximal tubule by 

pinocytotic removal from the base of the microvillous brush border into tl1e cpilhclinl 

cells. The vesicles thus formed con1bine, form protein-filled vacuoles, and fuse ,vith 

1:,,sosomes, fro1n ,vhich the digestion products of the protein diffuse, cventunlly, to the 

copillnry system or ore used in the metabolic processes of the cell. 

There ore, in addition, other absorptive and secretory mechanisms. These 

include the co-transport process thnt reabsorbs glucose and the secretion of both acidic 

nnd basic organic co1npounds (Vallin, 1973; Orlo!T nnd Berliner, 1973; Brenner and 

Rector, 1986; Berndt, 1989). 

2.1.1.4 The n1cdulll\ 

The n1edulln di ITers from the cortex (Figure I nnd Figure 3) both at the 

macroscopic and at the microscopic levels. This region can be divided into the outer 

medulla (,vhich is mode up of the thin descending and the thick ascending limbs of the 

loops of l lcnlc, collecting ducts, the voso rcctn, nod n dense cnpillnry net,vork) and the 

inner n1cdullo, the free part of ,vhieh is referred to os the "pnpilln" (although some 

res�rchers apply that name only to the apex of this region). The inner n1cdullo conlllins 

the thin limbs of the loops of Henle, collecting ducts, the vasn rccta. nnd n diffuse 

nct,vork of capillnries. Pocked into the spaces bct,veen these structures ore interstitial 

cells embedded in a matrix rich in glycosruninoglycans. 

The collecting ducts tcmtlnotc os the ducts of Bellini around the tip of the 

papilla. \Vhereas the n1ouse, gerbil, rot, gu1ncn-pig, rabbit, dog, cot, and primate 

kidneys have only a single papilla, the pig and man hnvc multi-papillotc kidneys. There 

11re bct,veen 9 and 20 papillae in each hum on kidney (Durry ct al. 1977), of which there 

arc t\\'O anatomicnlly distinguishnble types. 111e conicnl non-refluxing papillae, \Vhcrc 

the surface orifices of the ducts of Bellini are slit-hke, close ,vhen there is an increase in 

the "back-pressure" of urine from the bladder and so prevent intra.renal reflux ,vhen 

reflux occurs from the bladder. ·n1cse papillae occur predominantly in the n1id zone. 

The refluxing p:ipilloe occur predominantly in the polar regions, and, os they hove 

flattened tips, the collecting duct orifices nre \Yide nnd prone to rcLrOgrndc flo,v of urine 

into the tubules during vesico-uretcric reflux (Rnnsley nnd Risdon, 1979). The 

microsc-0pic and ultroStructurnl features of the medulla have been described by several 

researchers (Moffat, 1979, 1981, 1982; Bohman, 1980; l'vlnunsboch et al , 1980). 
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Fig.urc 3. Coronal section through a normal rat l1dney Tolu1dmc Blue; bar line- Imm). From: Bach & 
Bridges ( t 98Sa) 
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2.1.l.5 The loops of Henle 

The loops ofllcnlc may be divided mto 1,vo populations on o.n.ntomicnl grounds 

Short loops penetrate no fun.her than the outer n1cdulla. The proximal tubule and thick 

o.sccnding limb arc closely associated in the cortex, but in the medulla the descending 

limb is intimately related to the ascending vnso recto, and the ascending lin1b to the 

collecting duct. The nssoeiotion of the ascending and descending limbs of the loop of 

Henle ,vith the vascular system or ,vith the collecting duc!S provides o multi­

dimensional net,vork in ,vhich solutes or "'Iller moy undergo countcrcum:nt exchange. 

These exchanges n111y either provide a shunt thot excludes selected solutes (and ,vatcr) 

fro111 the inner n,edullo or, alternatively, solutes (e.g., sodium chloride and urea) moy be 

trapped in this zone. This exclusion of ,wter and tropping of sodium chloride, urea, and 

osmolytes helps mointnin the osn,otic gradient along the inner medulla. In long loops 

(the length is proportional to the renal conccntmting potcntinl). the loop of 1-lcnlc 

penetrates the inner medulla. Only about a third of the ascending and descending limbs 

of long loops lie together; in the other instances the ascending lin1bs are nearer to 

collecting ducts than to descending limbs. 

2.1.1.6 Collecting ducts 

Collecting ducts consists of three identifiable segments, ,vhich lie, respectively, 

in the cortex, the outer medulla, and the inner 01edulla. These segments demonstrate 

different permeabilities 10 ,vater and osmolytes. The difference in permeability may be 

related 10 the presence of 1,vo cell types, the intercalated and collecting duct (or 

principal) cells. 

2.1.1.7 The dlstol tubule 

The distal tubule connects the thick ascending limb of the loop of Henle to that 

part of the collecting duct ,vhich originates in the cortex. The distal tubules are in­

involved in both ion and ,vntcr reobsorption, but play a much less significant role than 

the proximal tubules. The underlying mechanisms responsible for rcabsorption appe:1r, 

in essence to be similar to those already outlined. The major differences include o 
• 

stronger No+ gradient against ,..,hich to "pump'', the ability to reabsorb sodium \\ithout

re:ibsorbing water, the controlling effects of anti-diuretic hormone (ADH) and 

llldostcronc (among other mediators), nod 1he very limited (or lock ol) protein 

rcabsorption. The secretion of polllSsium ions appears to be under the contr0l of llll
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acuve uunsport mechanism, Lhe regulating factors of ,vbich nre many ond complex 

(Vallin, 1973, Orloff ond Berliner, 1973; Brenner nnd Rector. 1986). 

2.1.1.8 The couotcrcurrcot multiplier system 110d urine cooceotnition 

Less thnn I% of Lhe glomcrulnr liltrote lenvcs Lhc kidney ns urine (unless Lhere 

is o stnte of diuresis), the remainder having been reabsorbed The process of urine 

concentration is complex ond depends (at least in part) on the countercurrcnt multiplier 

system, ,vhieh cslnblishes o steep osmotic grodicnt olong Lhc inner medulla. The high 

osmolnlity is o consequence of lhc diffcrcntiol pcnncability of the limbs of the loops of 

Henle and the collecting duclS lo ,vnter and ions. The thick ascending li1nb is though! to 

hove nn active mechMism ,vhich tmnspons chloride nnd sodillln out of the lumen nnd 

into the intcrstitium, but the limb remnins impermeable to ,wter. As o consequence the 

osmolo.lity decreases in th.is pan of the tubule (the diluting segment). The descending 

limb, on the other hond, is freely permeable lo ,vnter, but probably not to sodium ions. 

The high ion concentration in the interstitium ,vould dra,v ,voter out of the descending 

limb, increasing the osn1ololity tO\\'OJ'ds the tum of the U-loop. This is augmented by 

WC11 nnd other osmolytes that !cove the collecting ducts ond enter the oscending limb 

via the intcrstitium, thus being rccirculatcd to the medulla. 

The collecting ducts regulate the lino! urine concentration by controlling the 

amount or \\'3ter that is reabsorbed. The possngc or \\'Oler out of the ducts is thought to 

be mediated lnrgely by cyclic odenosine-monophosphate (cAtvfP), the synthesis of 

,vhich is stin1ulatcd by ADI-I, ,vhich increases the permeability of the luminal cell 

membrane io ,voter. Osmotic clTects dm,v the \\'Iller ou1 of the cell (Lhrough the 

basement membrane) in10 the hypcrosmotic interstitium. In the absence of ADH the 

collecting duct is thought to be in1pcrmeoble ond rclntivcly liulc ,voter is reabsorbed 

from iL The inters1itial osmotic gradient is ossun1cd to be mnintoincd by the effective 

removnl of ,wter via the oscending vo.sa recto, ,vhich hnve both o greater radius than the 

descending vo.so recto Md ore aboul 1,vice OS nu1ncrous. The countercurrent c.xchange 

o.ssociotcd with the loops of f.lcn1c arising from conical nephrons olTers an important 

"barrier" zone, ,11hich is thought to facilitate solute trapping in and solvent exclusion 

fron1 lhe iMer medullo, ond thus helps to m01n1111n tl1e hrpcrosmolality in this 

"compartment". 

There ore o number of other factors thnt control, niter, or contribute to urine 

conccnlrlltion. Medullory blood no,v is complex, os ore the factors con1rolling it. 
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Increased blood no,v rotes ,viii decrease the efficiency of countercurrent exchrulge in 

the outer medulla, os n consequence of ,vhich the lugb osmotic g_rndient in the inner 

mcdullnry compartn1ent will be ",vasbed out", and urine ,viii not be conccntrotcd. 

Diuresis i s  nssocinted ,vith increased blood no,v rotes (Bruley nnd Friedler, 1964, 1965; 

Chunng ct al., 1978). 

A unique feature of the vnsn recto is their penneabilit} to mncromolcculcs, a 

consequence of ,vhich is thnt the medulla conlllins n large pool of albumin. The factors 

controlling the rapid turnover of this milieu nrc poorly understood. It is generally 

assumed that (together with the glycosaminoglycans) these proteins provide on 

interstitial osmotic pressure that fnciliu11es \VOter reabsorption (Brenner and Rector, 

1986). 

2.1.l.9 The inlcrstitinl cells 

Interstitial cells occur in 111051 organs. Three types of interstitial cells hove been 

described in the medulla of the rat kidney (Bohman, 1980). Type I cells ore the most 

obundont and represent the typical renal mcdullnry cells. Type 2 1nedullary interstitial 

cells nrc generally round and lock lipid droplets. \\hilc Type J cells correspond to the 

pcricytes. Types 2 wtd 3 arc sparsely distributed ond rue often O\'crlookcd bctv.-cen the 

tubules, ducts, and blood vessels. In the inner n1cdulln. hO\\·evcr, Type I cells a.re 

numerous and especially pro,ninent because they nrc set in n dense matrix of 

glycosnminoglycans (previously referred to as mucopolysaccharides or acidic 

mucopolysacchnrides). 

TI1e mcdullnry interstitial cells h o \  e been described by Moffat ( 1979, 1981, 

1982), Bohman ( 1980), and Maunsbnch ct al. ( 1980). The number or cells and the 

amount of 1natrix substance occupies 10-20% of the tissue volume in the outer medulla, 

and 40% near the apex of the inner medulla (Bohman, I 980). 1'hc cells, ,vbich nre 

arranged in o regular pnttem perpendicular 10 I.he tubules and vessels, ore irregular in 

shape and hove mlllly long slender processes. These come into close contact ,vith 

adjacent intersthinl cells, capillnrics, ond the limbs of the loop of Henle, bu1 there is no 

such relationship with the collecting ducts. 

One of the most choractcristie features associated \\ith the Type I cells is the 

presence of lipid inclusion droplets, \\ hich occup)' nt least 2-4% of tl,e total cell 

Yolume. Toe lipid content is largely triglycerides, ,vith vnrinble nmoun1s of cholesterol 

esters and phospholipids. A nun1bcr of conditions have been described \\•here there ore 
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mnrked chnngcs in the size ond number of lipid droplets The polhophysiologicol 

significance of these changes is difficult to intcrprcl because of varied expcrimen1nJ 

opproochcs, species voriotion, and contradictory reports (Bohman, 1980) 
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Figure 4: Schematic representation or the different cclluhir and cxuucclluw components in the kidney. 
From: 1>1offat ( 1982). 
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2.2 ACUTE KIDNEY INJURY 

According to lhe Acute Kidney Injury Net,vork (AKIN) group proposed 

consensus dclinition, Acute kidney injury (AKI), inclusive of clinical tcnns such os 

ocutc reno\ fnilure (ARF), ncute tubulnr necrosis (A TN), nnd delayed grof\ function, is 

being defined ns functional or structural nbnormolities or mnrkcrs o f  kidney dnrnage, 

including abnormalities in blood, urine, or tissue tests or imaging studies present for <3 

months (AKfN Amsterdam tvlccting, 2006). 

Acute kidney injury (AKI) is due to a variety of conditions and hns serious 

consequences. AKJ occurs in 5 to I 0% of patients in tertiary core bospitllls and in 

virtually nil patients c.nrly after kidney transplantation (Star, 1998). From lnrge but 

separate dotobnscs of US hospilolizntions in the past 10 to 15 yr, there is evidi:ncc for o 

marked increase in the incidence of AKJ (\Vniknr el al., 2006; Xue et al., 2006). This, 

in po.rt. reflects the increasing comorbidity ond age of poticnts "·ho hove AKI. It is 

\\idc\y recognized th.nt AKI leads 10 high morbidity and n1onolity in hospitlllized 

patients. There 1noy be hope, ho,vcver, that monnht) rates arc decri:asing (\Vnikor et

al. 2006; Xue et 111 .. 2006): nevertheless. mortality rotes remain unacecptnbly !ugh, and 

there is on urgent need for eITective thcrop) (Stnr, 1998). Except for o fe\\ isolated 

studies, the vast majority of anin10I ond clinical studies have yet 10 demonstrate 

conclusively the benefit of phnnnncologic trcol!ncnt of AKI. 

2.2. t Pathogenesis of A Kl 

The pathogenesis of AKJ is comple>.. lschcmia nnd ncphrotoxins arc n1njor 

factors that precipitate injury, ond although the initiating events may be dissimilnr. 

subsequent injury responses likely involve similnr potll\voys. As nn exan,ple. AKI that 

is associnted ,vith ischemia is due to a reduction of renal blood flov,• belo,v the limits of 

blood no,v autorcgulotion. A variety of molecular responses 1h01 nrc .. maladaptive" and

stereotypical then occur. TI1csc responses lend 10 endothelial nnd cpilhcliol cell injury 

after lhe onset of reperfusion (Sutton et al., 2002). Pathogenic factors such ns 

vasoconstriction, leukoswis, vasculnr congestion, apoptosis, ond nbnom1nlitics in 

immune modulators and gro,vth factors hnvc formed the basis of rntional thernpeutie 

interventions. liowevcr, many of these tnrgctcd therapies hnvc foiled, ore inconclusive, 

or hove yet to be performed (Conger, 1995: Ronco ond Ocllomo, 2003). Given the

complexity of the pathogenesis of AKI, II may be nlli\'C 10 expect thot one thcropcutic 
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intervention would have success unless thut intervention focuses on prevention of AKI 

and tnrgets a specific initiating cause. There are encoun1ging results from thcropcutic 

interventions in the prevention of contrast ocphropalhy: Saline (Solomon ct al., 1994), 

sodium bicarbonate (Merten et al., 2004), lo,v and isosmolor controst (Rudnick ct al.,

1995; Aspclin ct al., 2003), and thcophylline (Ix t!I al .• 2004) Given the multiple 

overlapping path,vays thot ore involved in AKI, therapies may need to target multiple 

path,voys simultaneously to achieve success (Kelly and l'vlolitoris, 2000). 

Defining clinically significant AKI is criticol. In the pilSL cUnicnl lriols hove 

used ,vidcly varying definitions thot ranged from o 20 to 30% rise in scrum crcatininc to 

the need for dinlysis, ,vhich hos led to reported incidence or AKI of I to 25% (Chcrto,v 

et al , 1998; de Mendonca et al., 2000) ond mort.olity rotes that varied from 28 10 90% 

(Mctnitz ct al., 2002; Cosentino et al.. 1994). 11,c absence of consensus on a definition 

for AKI led to the Acute Dialysis Quality Initiative (ADQI) nnd the development of the 

Acute l{jdney Injury Net\vork (AKIN), \\•hich represents the elTorts of ,vorkgroups thnt 

seek to develop consensus ond evidence-based stntements in 1he field of AKI. ADQI 

used n set of criteria coiled the RlfLE (R.isk, Injury, rnilurc, Loss, nnd End singe) 

criteria (Bellomo et al, 2004). ,vhich \\'ere modified rcccn1ly by AKJN (AKIN 

Ams1erdam Meeting 2006). Vnlidn1ion of the clnssifienllon and staging sys1em of AKI 

,viii be required in future elinicnl studies and holds promise that this clnssificntion 

scheme con improve the design of lrials. 
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2.3 Al\1lNOGLYCOSLDE M'TIDIOTICS At"lfD NEPHROTOXJCITY 

Aminoglycosides have long been one of lhc commonest causes of drug-induced 

ncphrotoxicity (Walker and Duggin, 1988). Although a clear recognition of the patient­

and lr'Clltment-related risk factors (Moore et al., 1987), combined ,vith the once-a-day 

schedule and effective monitoring procedures (Prins et al., 1996), ho,re definitely 

improved the situation over ,vhat prevailed in the early 1980s (Smith et al .. 1980), ,ve 

are still short of having brought the safety of aminogl)·cosidcs to that of lhe main other 

\\idc-spcctrum antibiotics. Research aimed at obtaining intrinsically less toxic 

compounds has met ,vith only modest success, and fe,v of the other approaches 

proposed to reduce the toxicities of the available agents hove reached practical clinical 

opplicotions. Yet, because nminoglycosides are very cITcclive antibiotics \\-ell suited to 

the treatment of severe infections (Gilbert, 1995), it seems important to mninwin and 

even develop cCforts to improve their therapeutic indices. The chemical structures of 

some clinically useful aminoglycoside antibiotics ore sbo,vn in figure 5.

2.3.1 GENERAL FEATURES OF �\i\llNOGLYCOSIOE 

NEPHROTOXlClTV 

I 'DUCED 

Nepbrotoxicity induced by nminoglycosidcs mnnifcsts clinically as nonoliguric 

renal failure. ,vith n slo,v rise in serum ercatinine and n bypoosmolar urinary output 

developing after several days of treatn1cnt. A1ninoglycosidcs ore nephrotoxic because a 

small but sizable proportion of the administered dose (approxin111tel)' 5%) is reUlined in 

the epithelial cells lining tltc S I  and S2 segments of the proximnl tubules (Vande\\'Ulle 

et al.. 1981) after glomerular filtration (Fabre el al., 1976). Aminoglycosidcs 

11ccumul11ted by these cells are mainly loc11lized ,vith endosomal and lysosomal 

Vllcuoles (Sandoval et al .. I 998; Silverblalt and Kuehn, 1979) but are 111s0 localiz.cd 

wilh tlle Golgi co,nplex (Sondovlll el al. 1998). TI1cy elicit on llITIIY of morphological 

and functional alterations of increasing severity. TI1e effects of lo,v dose ond high dose 

have been distinguished since lhcre is probably more than a quantitative difference 

bet",,-een the changes seen under these t,vo conditions (Tulkcns, 1986). 
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Figure S Confonnational ruucrum or 10mc amrnogl)cm1dc 11Dt1b1oc1cs. (A) Toe 4,s-d1subs1ttutcd clw 
of amino&Jytosldu, p11romomycin and ncamlne. (B) The 4,6-disubstitutcd clw or 11111inogl)cosides, 
etn�icm and tobramyctn. Gcntllm1cm LS a mt'rure of 1mtM111cin Cl11 (RJ�II, R2•H, RJ•H and 
R.C•II), gcntamicin Cl (Rl•CHJ, IU-C�IJ. RJ•II and R4•H) and gmlllllllcfn C2 (RI II, R2 CIIJ, 
RJ•II and R4•1I) Ocncticin (RI-CHJ, R2 OH, RJ•OII and R4-0H) 1s tlso atcgorlud mto the 
gtntamicin subclass (C) SU\ICIUJ'lllly dluim1lllr ammoglycosldcs, stn:plomycln nnd hygromycln ll. 
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2.3.2 EFFECTS OF CLINlCAL DOSES OF AMl'NOGLYCOSlDES IN 

AN1MALS ;\ND HUMANS 

After only a fc,v dnys of administration of clinical doses to humans or of to,v 

multiples of the human therapeutic dose to animnls (typically IO 10 20 mg/kg of body 

v.'Cight for 11 loboratory mt), aminoglycosides induce conspicuous nnd ehorac1eristic 

chnngcs in lysosomcs of proximal tubular cells consistent ,vith lhc accumulation of 

polnr lipids (n1ycloid bodies) (Begg and Bnrcloy, 1995; De Broe el al .. 1984; Kosek el

al .• 1974; \Va1anabe, 1978). Thescchuogcs arc preceded and accomponic:d by signs of 

tubular dysfunctions or nlterations (release of brush-border and lysosomnl enzymes; 

decreased rcnbsorption of filtered proteins; ,,ias1ing of K+, l-vlg2
•,  Ca2

•, and glucose; 

phospholipiduria; and cast excretion (Gilbert, 1995). ln humans, the occurrence of these 

signs may be follo,vcd by the development of overt renal failure characterized mainly 

by a nonoliguric and even often polyuric bypoosmotic fall in creatinine clearance 

(Gilbert, 1995). Progression to oliguric or Wluric renal failure is infrequent, and 

recovery upon drug discontinuation is most often observed. Occasionally, a Fnncooi's 

syndrome (Castccls-Van Dacie ct al., 1980) or a Barttcr's-likc syndrome (Landou and 

Kher, 1997) hos been observed. 1-\ corrclotion bet\\'Cen the development of these clinical 

signs and the severity or rate of progression of Lhe subclinicnl alterations remains 

difficuh to estoblish mainly because of large intcrpaticnt vnrintions Consequently, the 

usefulness of monitoring the subclinical changes 10 detect individuals a1 risk hns 

remained questionable. lo animals, tubular allerotions ho,•c clearly been ossociated ,vith 

the development of focal necroses nnd npoptoses in the tubular epithelium, together 

,vilh an extensive tubular and pcritubular cell proliferation (Laurent el al, 1983; 

Toubeau ct al., 1986), y,,j(hout an apparent chnngc in kidney function.

2.3.3 EFFECTS OF HJGH DOSE OF Al\11 OGLYCOSI.DES IN ;\Nll\lALS 

High doses (40 mg/kg or more for genton,icin) arc necessary in animals to 

rapidly induce extended cortical necrosis and overt renal dysfunction (Kosek et al.,

1974; Parker et al., I 982). At this stage, a large number of structural, metabolic, nod 

functional alterations are observed in tubular cells, and several of these allcrntions have 

been claimed to be responsible for cell death or dysfunction. �1any of the changes 

observed at lhc level of the apical membrane (Elliott ond Patchin, 1992; Hishida ct al ..

1994; Hori et al., I 992; Skopicki et al., 1996; Somermcyer ct al., 1983) could, 

however, be merely mediated by a direct effect of the drug on this structure during its 
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initioJ stages of uptake in pro:<lmnl tubular cells. Conversely, other effects, such ns 

inhibition of protein synthesis and modulntion of gene expression, mitochondrial 

alterations, or inhibition of enzymes locnted on the cytosolic side of the pericellular 

membrane, must involve uptake o.nd iol.roccllulnr distribution of the drug to the 

corresponding targets. 

2.3.4 REDUCING Oil PROTECTING AGAJNST Al\lJNOGLYCOSJDE • 

rNDUCED NEPTIROTOXI CITY 

The goal of reducing or protecting against aminoglycoside oephrotoxicity has 

ntl.rocted much effort and attention over the lost decade. These efforts can be subdivided 

into scvcrnl types of opproacbes. 

i. Decreasing or prc,•cnting aminoglycoside :1ccu111ulntion b)' kidneys. Decreasing

or preventing orninoglycoside occumulotion by the kidneys ,vould represent one of the 

most simple and radical approaches to reduce aminoglycoside nephrotoxicity, since it 

should lead to success ,vhatever the targets of aminoglycosidcs nrc in the kidney. 

Aminoglycoside accumulation could be reduced either by in1poiring their uptnke or by 

enhancing their release. Reduction of uptnke has been obtained by t,vo strategics. The 

first one is aimed at complexing the ominoglycosides extracellularly, and the second 

one is aimed ot competing ,vith or decreasing drug binding to the brush-border 

membrane. Unfortunotely, these approaches could not be tnm.slated into clinical 

applications becnuse of o lock of efficacy and/or because of intrinsic toxicity (Cohen et

at.. 1988; Malis et al. 1984). Y ct, the strategy based on compctiuon for binding 

eventually led to the recognition that arninoglycosides could be their O\\'TI competitors. 

Enrly studies ,vith onimals (Reiner et at. 1978) indeed revealed thal administration of 

the daily dose of gentamicin as n single dose (thus creating one high daily peak level) 

was considerably Jess toxic than administration of the same daily dose divided into 

three doses per doy or by continuous infusion (Giulinno et al., 1984). An explnnation 

for this unexpected behavior came from the finding that ominoglycoside uptake by 

kidney tubular cells is saturable (Giuliano et at.. 1986), so tbnt much of the drug thnt 

passes in the lumen ,viii not be reabsorbed if the drug is too conccntrntcd. 13ccnuse 

s.itwutioo wns sho\VO to occur nt a clinically mCllllingful range of conccntrntions, this 

observation triggered n llirge nun1bcr of studies comparing the toxicities of vnrious drug 

administration schedules. Almost at the some time, nnimal nnd clinical studies 
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dcmonstrnted that a high, transient peak level in serum ,vns also a critico.l determinant 

of runinoglycosidc efficacy (Gilbert, 1995). The once-doily dosing mode of 

administrntion of ominoglycosidcs ,ws therefore clinically tested in the late l 980s in a 

limited series of clinical trials that ,vcre at first cautious (Stunn, 1989; ter Brank et al .•

I 990; Tulkens et al .. 1988), but thcreaficr, it ,vns tested ,vith almost oil indications for 

ominoglycosidcs (Gllberl, I 995). The onc.e-daily regimen is no,v ,vidcly accepted 

(Gilbert, 1997), and it is in lhc official package insen recommendations for netilmicin 

o.nd arnikacin in several countries in Europe and else,vhere, even though discordant 

voices are still heard (Bertino and Rotschafer, 1997). Beyond its potential impact on the 

toxicity and activity of aminoglycosides, the once-daily dosing regimen also olTers 

interesting phannacoeconomic and practical advantages (Nicolau et al.. 1995) and 

makes drug monitoring easier (Prins et al .. 1996). A funher development could be the 

implementation of once-daily administration at a specific hour of the day since there 

might be important circadian variations in the glomerulor filtration rote and, hence, the 

availability of the aminoglycoside to the kidney (a previous clinical study h as  indicated 

that the administration of gentamicin during the n1idnight 10 7 a.m. period ,vns probably 

more likely to cause toxicity than administration during other periods of the day 

(Beauchamp et al., 1997; Prins et al., 1997). 

ii. Prc"cnting or decreasing the lysoson1ul pbospbolipidosis induced by the cell­

associated an1inoglycosidcs. A reduction in lysosomul phospholipidosis could be

achieved either by use of an aminoglycoside modified to bind less tightly to

phospholipids at an acidic pH o r  by the administration of an agent that ,vould pre"enl

the binding of the antibiotic to phospholipids. Both slrl!tegics have been follo,ved.

:1. Amiooglycoside tnodifications. A series of 1-N-substituted derivatives of

gcnuunicins and kannmycins ,verc synthesized in the late I 970s to obtain molecules

resistant to the bacterial enzymes that inactivate the parent con1pounds. Retrospectively,

it was found that aJI derivatives in ,vhich the N-1 atom has been made nonioniiablc

(i.e., by substitution of Uie amino function ,vith an aeyl side cbnin such as in nmikacin)

sho"'' reduced levels of binding 10 acidic phospholipids together ,,,ith n lesser inhibitory

potency to\vard lysosomal phospholipases (Cnrlier et al.. I 983). An1ong them,

amikacin, iscpamicin, and nrbekocin have been successfully developed ond hove been

proved to cause less intense renal changes in anin1nls as ,veil as in humans ,vhen they

arc tested under strictly comparable conditions \\ith other currently used
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ominoglycosidcs (Blum, 1995; De Broe er al., 1984; Kondo, 1994; Laurent et al., 1982; 

Miller er al., 1978). For amikacin and isepamicin, this effect has been ascribed to 11 

lesser degree of interaction of lhe llffiino functions of these drugs ,vith the phospho 

group of negatively charged phospholipid (Cnrricr er al., 1997; Schanck er al, 1992) 

nnd to cho.nges in the orientation or the drug bound to the lipid layer (Tulkens er of ..

1990) (these models, ho,vever, have been ch11llcnged [Carrier er of., 1997)). Efforts 

have therefore been mode accordingly to rationally design ne,,1 aminoglycosidcs ,vith 

similar and, it is hoped, even more favorable properties. This led to the synthesis of 

derivatives of kanamycin B substituted at position C-6� ,vith halogen atoms, a pseudo­

halogen group (nzido), or increasingly bulkier all..')'I chains via on intenncdiate N, S, or 

0 ntom, yielding the corresponding 6 " -amino, -amido, -thioalkyl, or -nlkox-y derivatives 

(Mingcot-Lcclcrcq er of., 1991), ns ,vcU ns to derivatives of netilmicin and kanamycin 

A substituted at positions N-1 and N-6' ,vith amino acids (Kotretsou er al., 1995). but 

,vith only modest success. fn a similar context, the dis:icchnridic o.minoglycosidcs 

astromicin (fonimicin A) and dactimicin (2-N"-formimidoyl-astromicin) hove been 

sho,vn lo bind less tightly to phospholipid bilayers and to be \\'cakcr inhibitors of 

lysosomal phospholipascs (Lambricht, 1992). Their lesser nephrotoxicitics observed in 

animals could, ho,vevcr, mainly be due to their lo\\cr levels of accun,ulation in the 

renal cortex (Inouye er al., 1989). 

Of greater interest are probably the derivatives of tobromycin, dibekacin, 

nrbekncin, or kanamycin ,vith a fluorine atom at position 5. 3', or 3"' (Kobayashi er al.,

1992; Shitaro er al., 1992; To.kahnshi et al., 1993; Tsuchiya er al. 1993; Tsuchiya ct al., 

1985). These ,vcrc originally mnde to confer resistance to nminogl)•cosidc-inoctivating 

e.nzymes, but for these derivatives chemical and biophysical considerations suggest a 

reduced level of binding to phospholipids because of n decreased basicity of the vicinal 

nrnino group through an inductive cffecL These compounds sho,ved increased 50% 

lethal doses, but experimental data on their binding to phospholipids are not available. 

b. Prevention of aminoglycosiile IJiniJing to phospholipills. Polyospartic acid hos

emerged as a very successful protectant agninst aminoglycosidc-induced nephrotoxlcity

from the screening of various polymers that are likely to impnir the binding of

aminoglycosides 10 kidney membrane vesicles (\\lilliams and Hottcndorf, 1985). In

expcrimentlll studies \vith anin,ols, the coadministration of polyaspartic 11cid ,vith

gentamicin or o.mikacin ,vas sho,vn to protect against the development of

phospholipidosis and phospholipiduria (Kishorc er n/, 1992), os \\ell against nil early
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and late signs of aminoglycoside ocphrotoxicily (Elliott and Patchin. 1995, Gilbert et

al., 1989). Actunlly, both polyaspartic acid and the aminoglycoside reach the lysosomes 

by cndocytosis (KAllny and T ulkens, 1989) and fonn ion-pair complexes ,vithin these 

organelles due to the acidic pH prev01ling therein. In vitro studies demonstrated tluu 

polynspartic acid prevents an1inoglycoside binding to negatively cbnrgcd phospholipids 

bilayers and thereby mokes lhe drug Wlllble to inhibit tile activities or lysosomnl 

phospholipascs (Kishore ct al.. 1990). Further studies sbo,ved tllat polynspartic acid 

also protects against gentamiein-induccd alterations of pbospholipid metabolism in 

cultured cells (Ramsarnn1y et al., 1990) and or clectrophysiologicnl alterations in 

cultured bumnn pro:omal tubulnr cells (Todd and Hottcndorf, 1997). Polyaspartic acid 

also prevents impainneot by  gentomicin of homotypic fusion of renal cell endosomes 

{l-lammond et al .. 1997) nnd blocks the process of aminoglycoside-induced aggregation 

of negatively charged liposomes (Van Bambckc et al .. 1995). all events ,vhich hod been 

directly related to the binding of gentamicin to phospholipids. In vi,·o studies hove no,v 

defined the limits nod the duration of tlie protection afTorded b)• polynsponic acid 

(S,von et al., 1993). Moreover, phannacokinctic evaluntions hnve sho,vn tliat 

polyaspanic acid increases tlic penetration of genUlillicin in the so-called deep 

peripheral compartment (,vhich most likely represents the intracellular drug­

polyaspartic acid complex (\Vhitte1n et al., 1996) and ,vhlcb suggests that tlie antibiotic 

is stored in a nontoxic fonn). A protective elTect of polyaspartic acid against ototo:ocity 

has also been demonstrated (1-lulka et al., 1993). A movement to,vard large-scale 

toxicological studies and clmicnl opplicntions or polyospartic acid therefore appcnrs to 

be ,varrante<l but is still hindered by the lock of o clear definition or tl1e precise type of 

polymer which needs to be used. It must indeed, nt the snme time, be filtrat.ablc through 

the glomerulus, bind cfTeetively to gentrunicin (Kohlhepp ct al., 1992), remain 

sufficiently stable in the kidney to afford significonl protection (Kishore ct al, 1992), 

nod not causing reno! toxicity per sc, as ,vas sh0\\11 for polyn,crs that arc too stable 

(Kishore et al., 1990). Doptomycin (LY 146032), v.•hich contains three Asp residues, 

also colocalizes in tlic lysosomcs of the renal cortex ,vith genlarnicin and protects 

against lysosomnl alterations in vivo (Tbibnult ct al., 1994). /11 vitro, it increases the 

ncgntive chnrge density or membranes, ,vhile nt the same time affecting tl1e lipid 

packing (Gumani el al., 1995), l\'/0 elTcets ,vhich counteract those of genllllnicin and 

fnciJitate tile access of the catalytic site of the phospholipascs to tlicir lipidic substrate. 

Torbafylline (HW A-448), an onnlog of tile vasculoactive agent pentoxifyllinc, also 
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protects ogainst gentrunicin-induccd phospholipidosis, but its mode of action is 

unknown (Ford et al., 1995). 

HI. Other means of protection. Among the other main approaches used so fur to  

reduce or to protect against aminoglycosidc nephrotoxicity, the most consis1enl effects 

have been observed with the use or antioxidants and especially deferroxruni.ne. On the 

basis of the finding thot gentnmicin forms complexes \Vlth mitochoodriol Fe2+ to 

catalyz.e the rorrnotion of free oxygen radicals, iron chelators \Vere tested and \Vere 

proven to be elTective in the prevention of  nminoglycoside-induced 0101oxicity 

(Schocht, 1997; Song et al., 1997). Extension of this finding 10 ocphrotoxicity appenrs 

to be possible (\Volker and Shah, 1987), but biophysical and biochemical considcrotions 

(Priuska and Schacht, 1997) suggest that the protective elTect or dererroxrunine may be 

critically dependent on the dosage of gcnt.nmicin. Other compounds \\'ere also used on 

account of their antioxidant errects, but the mechanisms hove not ahvays been 

unambiguously established. Means of protection based on a correction of the functional 

obnormnlities or on on increase in cell regcnerotion copnbilities have also been 

auemptcd, but no clinicol application has so far been mode. 

2.3.S GENTA1\1ICJN - INDUCED NEPURO'fOXlCITY IN HlJIVIANS AND 

ANL,lALS 

Gentomicin is an aminoglycosidc antibiotic thot is  still commonl} used in the 

treatment of  life-threatening infections. 1l1cir broad-spectrum activity against aerobic 

gram+ve and grum-vc organism, their chcn1ical stability. and their rapid bactericidal 

action has oficn made them first-line drugs in n variety of  clinical situations 

(Singenthaler et al.. 1986: Appel, I 990). Hov.'ever, high concentrotions of these 

ontibiotics nre nephrotoxic. In some coses, this side cfTeet is so severe thol the use of 

the drug must be discontinued. It has been csti1nnted thot up to 30% of patients treated 

\vith aminoglycosides for more than 7 days sho,v some signs of nephrotoxicity 

(Mathe\v, t 992). Although ne,ver agents, for example, third-generation cephalosporins 

Md aztrconain, may be as therapeutic and cost-cfTcctive os the nminoglycosides 

v.ithout the nephrotoxicity associated \Vith the lotter agents, the aminoglycosidc rcmnin 

among the most \Vidcly used antin1icrobiol agents. This 1nay be due to their rapid 

effectiveness, as v.-ell as to the focl that more is knO\\'ll about their pharmacology, 

toxicity and therapeutic properties than about other ne,,-er agents. The 
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phnrmncokinetics, palhology and clinical pattern of gcntamicin-induced kidney damage 

have been studied extensively in both man and animal. l lowcvcr, there is no unanimily 

in the literoture regarding the possible mechanism(s) of nction of these, or the fnctors 

thot can n1odulnte the nephrotoxicity. (K.ncc,v and Bergeron, 1990; Appel, 1990). The 

vnlue of nminoglycosides, including gcnlllmicin, in clinical practice ,vould b e  greatly 

enhanced if some means could be found to protect lhe kidney froa1 this undesirable side 

elTecl. Several factors hnvc been identified to incrc.ise lhe risk of nminoglycoside 

nephrotoxicity that cannot be modified readily by the clinician (e.g., sex, obesity, 

preexisting liver or renal disease and underlying diseases) and factors tlult the clinician 

may be able to modify (drug dosage/interval/duration, specific amiaoglycoside, 

hypokalacmia, hypomagncsacmin, mctnbolic acidosis, volume depletion and concurrent 

medications) (Kaloyanidcs, 1993). 

In the last t,,,o decades several rcvic,v articles have nppcared ,vhich address 

various aspects of gentaroicin nepluotoxicity in mnn nod Mimnl (Kosek et al., 1974; 

Luft et al., 1975: Hottcndorf nnd \Villiams, 1986; Humes, 1988; Bcnnen, 1989; Koce,v 

and Bergeron, 1990). 

2.3.5.1 Gcnramicin Pbannncokinclics in lluntnns 

Gentamicin, and other aminoglycosides. arc pol)cnrions and highly polar. TI1ey 

mc not absorbed in the gnstrointeslinnl tract but ore r.ipidly absorbed nfier 

intramuscular or subcutaneous injection. TI1cy can also be given introvenousl)' or

intrathccally. Binding 10 ph1sma protein is minimal. Gcntarnicin crosses the placenui 

but does not cross blood-brain barrier into the central nervous system or pcnctrotc the 

eye. Tissue levels are lo,v except in the rennl cortex. The plns1na half-life is 2-3 hr. 

There are no kno,vn gentamicin metabolites. Elin1in:ition is virtually entirely by 

glomerular filtration in the kidney (Bennett, 1989; Rrulg and Onie, 1987). Concomilllnt 

treatment ,vith the nephrotoxie drug cisplatin reduces gcntamiein excretion in rats 

resulting in increased antibiotic level in plasma and tissues for at lcnst a \\•eek (Engineer 

tf al., I 987). It hos been suggested that the cytotoxicity of nminoglycosides may be 

mediated by a toxic metabolite generated by the hepatic cytochrome P-450 drug 

metabolizing enzymes (Huang and Schacht, 1990; Crann ct (JI •• 1992). lvlon: recently, 

ho,..-ever, this could not be con finned by Sanders et al ( 1993), ,vho pretreated rats \\•ith 

on inhibitor of drug metnbolism prior to adntlnistmtion of gcntamicin and found thnt 
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this inhibition or drug metabolism docs not alter gento.micin nepbrotoxicity. TI1is 

indicates thllt the toxicity is due to the drug itselr and not a metabolite thereof. 

2.3.S.2 Pathology and Pathophysiology of Gentamicin - induced Renal Injury

Gentamicin is incorporated and accumulated in proxin1al tubule lysosomes, and 

its accumulation is thought by some ,vorkers to explain aminoglycoside nephrotoxicity 

(Papanikolaou et al.. 1992). l lo,vevcr, the conccnuution of the antibiotic in the tubules 

is not ahvays necessarily correlated ,vith the ncpbrotoxicity. It bns been reported that 

some agents (e.g., polyaspartic acid and Sairei-to-) can protect against gcnto.micin 

ncphrotoxicity despite the fact thnt the gentan1icin renal concentration is not different or 

actually IO Limes more than in the controls (Bennen et al.. 1988b; Ohno et al., 1993). 

On the other hand reduction in gcntnmicio accumulation in the kidney is not ahvnys 

indicative of protection. For example, in rats treated concomitantly ,vith gcntn.micin nnd 

5-pyridoxnl phosphate, renal gent.amicin level \\'BS reduced by about 40% compared to 

rats treated ,vilh genuunicin nlone. This, ho,\'ever, \\'!IS not associated ,villi protection 

against ncpbrotoxicity (Kace,v, 1989). Phospolipids administration reduced the 

ncphrotoxicily of gent.amicin ,vithout affecting significantly the gentan1icin 

concentration in the renal cortex (Chan et al.. 1991). More recently superoxide 

dismuta.sc (SOD) and dimelhylthiourea (DMTU) \\'ere reported lo protect against 

genuunicin nepbrotoxicity ,villlout affecting the renal corticn1 genuunicin content 

(Nakajima et al, 1994). These rcportS do not totally negate the value of 1ncasuring the 

aou'biotic concentration in the kidney for assessing the extent of nephrotoxicity but 

indicates that the presence of the drug in the kidney per se does not ol\vays indicate 

nepbrotox.icity. Accumulation of the drug in specific target organelles in the renal 

cortex may be the critical step in the ocphrotoxicity (Kacc,v and Bergeron, 1990). 

Currcolly, it is generally ogreed that gen1amicin produces dose-dependent proximnl 

renal tubular necrosis, ,vbich cnn be dissociated fron1 introcellulnr occumulotion 

(BeMell, 1989). 

Gentrunicin is considered on "obligatory nephrotoxin" and even small doses 

have been reported by severol authors to produce nephrotoxicity in n1nn nnd anin1als. It 

has been suggested that nephrotoxicity from nminoglycosidc may be inevitable to son1e 

extent in C\'cry patient, ond only in its most severe form docs the damogc to the kidney 

reach a level allowing clinical diagnosis (Bennett, 1989). 
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After gentan,icin is filtered in the glomerulus, a small proportion of the filtered 

drug (2-5¾) binds to and is actively transported into proximal tubular cells. The drug 

can be taken up into the cell from both the luminnl and basolulcml surfaces, although 

binding to brush border membrane phospholipids ,vith absorptive pinocytosis 

predominates (Bennett. 1989). 

The basolateraJ uptake is quantitatively less significant than brush border 

transport. Ho,vcver, the latter is more critical 10 nephrotoxicity because it atlo,vs for 

drug exposure to critical sites in key organelles such as mitochondria and microsomes 

(\Veinberg et al., 1985). Gent.amicin is taken up at the apical pole of the tubule cells 

binding to Wlionie sites on the brush border membranes (Nassbcrgcr et al .• 1990). After 

the penetration of the cytoplasm by endocytosis, the drug accumulates in the 

lysosomes. 

Using a model of proximal renal tubule cpithelinl cells derived from transgenic 

mouse, the specific uptake mechanism of gcotumicin in renal cortex has been rcccotJy 

reported (Kaunitz et al., 1993). This uptake mechanism has been sho\\11 to be inhibited 

by L-lysine but nol by any ot1ler amino acid. ll ,vas therefore concluded that gentamicin 

and L-lysine share a specific uptake mechanism located 1n the apical membrane of renal 

proximal tubule cells. These results are at variance from earlier results (\VilJiams et al.,

1985), ,vhicb indicate that L-lysine ,vas incITectivc in inhibiting gcnt.amiciu binding lo 

rat renal cortical membrane vesicles. 

The effect of  geolamicin on clc:ctrolytes has received relatively little attention 

(Foster et al.. 1992). Briefly, gentamicin produces disturbances in clcctrol)1c 

homeostasis resulting in hypomagnesamia. hypocalcacmia and hypokalacmia (Ali et 

al., 1992a: Foster el al., 1992). These electrolyte disturbances are thought to resuh from 

a failure of !Jle kidneys to adequately conserve cations due to an adverse renal action of 

the drug. 

The pathophysiology of the impairment of glomcrulor filtrntion rate (GFR) in 

gentamicin-induccd nephrotoxicity \\'IIS studied extens1vcly but its mcchn.nism remains 

unclear. It has been ascribed to proximal tubular injury, abnom1nlitics or renal 

circulation or reduction of glomerular capillary ultrafiltrntion (Nnkajirna et al .• 1994). It 

was suggested tho.I the abnorrno.lities of the renal circulation rnther t1ln.n tubulor dan,age 

are paramount in the reduction of GFR t1lat occurs follo\\ing gcntwnicin 

3dmirustration. Although it is generally accepted that gcntamicin adversely affects the 

proximal tubule function, there is evidence 1h01 the increased urine nnd electrolyte 
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excretion associated ,vith acute gentnrnicin treatment is at least partinJly n consequence 

of decreased transpon in the thick 11Sccnding limb of Hcnlc's loop (Kid,vcll et al., 

1994). 

During and after gentamicin-iaduced injury and regeneration, apoptosis 

(programmed cell denth) could be seen in the cortical distal tubules and parallel 

increased proliferative activity in the djstnJ convoluted tubules. TI1is ,vas suggested to 

be n consequence of tubular obstruction during the first days ofter induction of acute 

renal failure (Nou,ven et al., I 994). 

2.3.5.3 �1ecbnnisms of Gcntan1icin-induccd Ncphrotoxicity 

Several hypotheses have been advanced to elucidate the possible mechnnism(s) 

of gentamicio nephrotoxicity. In vie,v of the evidence supponing these apparently 

different suggested mechanisms, it is reasonable to conclude that the nephrotoxicity 

may be produced through more than one mechnnisrn. Some of the suggested 

mechanisms include: 

(/) Hydroxyradfca/s. Hydroxyradieals are strong mediators of tissue injury. They can 

react ,,,jth metal cbelators via the Fenton reaction, and they can oxidize o ,vidc vnricty 

of organic compounds including polyunso1uro1ed fntty acids (Pryor. 1986; Ross, 1988; 

Aruoma, l994a,b), leading to cell mcmbcmnc injury and protein degeneration. 

Walker and Shah (1988) and Shah and \\lalkcr (1992) have sho,vn that 

gcntamicin enhances the production of hydrogen peroxide by rat renal conical 

mitochondria, and that the hydroxyl sca\ fengers and iron chelators couJd prevent 

gentarnicin-induced acute renal failure. Thus, they believed lhnt hydroxyl radical plays 

an important role in  gentamicin nephrotoxicity. Other reports nlso lend suppon to the 

contention of the involvement of hydroxyradicnls in gentamicin ncphrotoxicity. 

Administration of metallothioncin, which is a hydroxyl radical scavenger, protects 

against gentamicin ncphrotox_icit> (Yang et al., 1991). Also, sclcniun1 and Vitnmin E 

administration, both of which can scavenge free radicals, ,vere also beneficial in 

gentamicin nephrotoxicity (Ademuyhw et al, 1990). Reduced conical glutothione 

(GSH) concentration was reponcd to be decreased by gcntruruein treatment (Ali et al .. 

1992). As GSII is a bydroxyrodicaJ scavenger (Ross, 1988), ii \V!IS concluded thnt 

gcntamicio ncpbrotoxicity involves depiction of conical OSI I. Other \\orkers, ho\\ever, 

hllvc reported that gentamicin treatment produces nephrotoxicit) \\;thout oITecting 
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significantly renal GSH conccnlrnlion (\Vu et al .• 1990). II should be mentioned that in 

the latter ,vork gcnlJllnicin had reduced GSH from 2.05 ± 0.39 µmoVg to I .  71 ± 0.06 

µmollg. Depletion ofGSH concentration failed to affect gentan,icin nephrotoxicity ('Vu 

et al., 1990) negating a role for the oxyradical scavenger GSl-1 in gentamicin 

ncphrotoxicity. Other reports have also failed to confirm a causal relationship bct,vccn 

GSH depiction and gcntrunicin ncphrotoxicity (Sv,-ann and Acosta, 1988). Inhibition of 

lipid pcroxidation failed to protect against gentamicin nephrotoxicity (Rnmsammy et

al •• 1987). Ho,vever, others have reported that iron (Fe) supplcmcnllltioa to the diet or 

intramuscular administrotion can aggravate gcnlllmicin nephrotoxicity (Kays er al.,

1992; Ben-lsmail et al.. 1994). Fe is kno,vn to play a critical role in initiating free 

.radical oxidation process leading to lipid peroxidation (Braughter et al., 1986).

Increased Fe intake may be associated ,vith increased kidney Fe concentration (Johnson 

and Hove, 1986). This could potentially enhance lhc free radical oxidation process 

during gentamicin therapy and possibly hinder recovery. Although the Fe-antagonist 

dc:fcroxaminc ,vas found lO ameliorate gentamicin nephrotoxicity ('Valker and Shah. 

1988}, this could not be confumed in a srudy by Ben-Ismail er al., {1994). 1\nother 

piece of evidence supporting the idea of the involvement of oxyrndicals in gcntamicin 

ncpbrotoxicity is the rcpon of Ben-Ismail ,.t al. (I 99�) ,vbo found thnt nt a dose of I 00

mg/kg ascorbic acid YlllS found to, al least panially, protect against gcntamicin 

ncpbrotoxicity. At double that dose, however, it exacerbated the neph.rotoxicity 

probably because the vitamin at high doses may act as a pro-oxidant (Ben-Ismail et al ..

1994). 

Further, previous e,1dence for the 1nvolvemcnt of oxyrnd1cals 1s the \\'Orks of 

Yang er al, (1991), Ueda er al (1993), Nakajima ct ul., (1994), Hisluda ct al (1994).

And Ali and Bashir (1996), \\hicb indicated that the free md1c11I scavenger supcroxidc 

dismulASc (SOD) activity rn the k1dnc)' 1s reduced by gcolllmicin, and lha1 t.rcnlmenl 

.,..,jib the enzyme ameliorates the nephrotoxiclly 

(2) Increase In tlte renal cortical pho1plwlfpldo1u fb1s has been suggested 11.S one 

mechanism b> ,vhich geoLllmicin ma) exen us ncphrotox1c1t) (Laurent st al 1982,

Ramsammy et al 1989, Abdel Oayoum tt al 1993) It has been suggested that 
gcnta,nicin nephrotoxicity is a phospholipidosis due to the 1nh1billon by gen1amicin of 
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enzymes responsible for phospholipid metnbolism, for exnmple, phospholipase and 

sphingomyclinasc (Laurent er al .• 1982). 

As the gcnuunicin-induccd nephrotoxicity is mainly a consequence of damage 

to cell membranes, and one of the essential constituents of cell membranes is 

phospholipids, Chnn er al. ( 1991) invcstig:ued the influence of phospholipids 

adminisuntion on the ncphrotoxicity. It ,vas found thot, phospholipids treotmenl. 

whether started before or concurrently \vith gentnmicin, reduced the induced 

ncphrotoxicity, \\ilhout affecting genton1icin reno] concenlr'Dtion. The protection \\'OS

ascribed to an enhnnced recycling of membrane phospholipids and acceleraled 

regenerative activity of rcnnl tubulnr cells. It is also possible that phospholipids may 

ba\le protected phospholipase and sphingornyelinnse from inhibition by gcntrunicin. 

The results of Chan er al (1991) on phospholipid protection may be of some clinical 

,•olue as treatment of humans ,,ith phospholipids (for other conditions) ,,-as ,vithout 

significant ill effect Moreover, the fnct thot phospholipids do not reduce the renal 

accumulation of gentnmiein is od\'antngcous as the agents that reduce the renal 

concentration of gcntnmicin usually also decrease the antirnicrobinl action of the drug. 

Thirdly. co-treatment and pretreatn1ent ,,ith phospholipids gave similar results. This 

has obvious clinical advantage, as it elin1inates the need for pretrcatn1cnt in patients 

requiring treatment ,vith the antibiotic, especially in lifc-thrcatcning infections. In 

rabbits, bo,vever, Hnnslik ct al. ( 1994) found that administration of an antagonist of 

platelet activity factor (PAF) (BN 52021} docs not affect gcntnmicin nephrotoxicity in 

rabbits, suggesting that PAf (,vhich i s  an ubiquitous phospholipid, probably has no role 

in genuunicin nephrotoxicity. This conclusion is at variance \\rith that of Rodriquez. 

Bnrbcro er al. (1992) ,vho reported that the above antagonist of PAF reduces some of 

gentnrnicin nephrotoxic signs in rats, thus suggesting a role for t11e phospholipid PAF in 

the toxicity. 

(J) Inhibition of Na'. K · AT Pase. In cortical homogenates fro,n rats treated

chronically ,vith gentnmicim, Na· ·K'"·A TPasc activity i s  decreased (\Villinms er al,

1984; Cronin and Ne,vman, I 985; Ali er al., 19950), and this change is considered 

instrumental in geotamicin nephrotoxicity. The site of action for inhibition of No• -K• 

A TPasc has, ho,,eever, not been locnli:z.ed. AJtJiough gentnmicin in 11i1•0 inhibits Lhc 

activity of the enzyme in the proximal convoluted tubule (PC1) and not in the thick 

ascending limb of Henle (mTAL), ,vork in 11/rro hos shO\\'TI that gentamicin inhibits the 
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enzyme both in PCT and mTAL cells ,vbcn cells ,vcre pcrmcabilizcd to allo,v the drug 

to enter the cells. It ,vns concluded that gentamiein inhjbits Na--K
+ 

- A TPasc in renal

rubule cells ,vhen it has access 10 the cytoplosm (Fukuda ct al., 1991 ). It wns funher 

suggested that the loss of integrity of the Na•-K··ATPase enzyme contributes to 

gentnmicin nephrotoxicily (Fukuda et al., I 991) as this enzyme regulates intracellular 

elcctrolylc and cell volume. 

(./) Tlrron,boxane A1 (TXAi) and prostagla11di11s (f'GE) These hove recently been 

suggested by Papnnikolnou ct al., (1992) to be involved in the acute renal failure (ARF) 

induced by gentamicin (200 mg/kg/day for 3 days) in \Vistar rats. The gentamicin ARf 

,vns associated with increased urinary TXA2 excretion. Also, the ratios of urinary 

PGE/IXB2 and 6- keto-PGF,:i/TXB2 excretions significantly decreased follo,ving 

gentamicin admmistrntioo. 

Adn1inistrntion of OKY-0-16, the TXA2 synthctuse inhibitor protected rots 

against gentnn1icin ncphrotoxicily. It ,vas thus concluded that gentamicin may induce 

ARF by increasing TXA2 synthesis. This is in agreement \\ith previous studies that 

have indicated that increased renal TXB2 synthesis occurs during the development of 

glycepol-induced ARF. In addition to TXB2. other vnsoconslrictor agents and additional 

mecharusms could be involved in the devcloprnent of gcntan1icin ARF. Earlier, Assael 

et al. ( 1985) have reported thnl gcntamicin sigruficantly increases prostaglandin (PG) 

E2 production after IO days of trcnunent. Coadministration of gentamicin and aspirin 

abolishes this effect 1t ,vns hypothesii.cd that the incJe$e in PGE2 couses 

vasodilatalion in the kidney 10 maintain normal renal blood no,v nnd GFR during the 

development of gentamicin nephrotoxicity. 

(J) Effect 011 rnicrosomal protein synthesis The idea that runinoglycosidc might damnge

proximal tubular cells by mechanisms similar lo those by ,vhieh they net os antibiotics 

\\'US ignored for many years because the concentrations of drug required for such effects 

was 10-20-fold those nchieved in serum (Benneu, 1989). Ho,vever, Buss and Piatt, 

(1985) clearly sbo,ved kidney specific changes in microsomal protein synthesis ,vith 

concen1ra1ions of drug readily achieved in the renal cortex of rats. Afier discontinuation 

of gcnt.amicin, given in long-term Io,v doses, there is a marked renal cell proliferative 

response (Houghton et al., 1986). Dcnncll et al. (1988n) also provided evidence that 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



processes similar to those responsible for bacterial killing could be involved in 

experimental gentamicin ncphro1ox1e11y before-overt cellular necrosis. 

(6) Lysoso111al injury. Due 10 the accumulation in the proximal tubule lysosomcs,

impaired function of these organelles may be an important mechanism leading 10 

proximal tubular activity (Knloyanides and Pnstoriza-Munoz, 1980; Po\vell and 

Reindenberg, 1983). 

It bas been reported that gentnmicin t11uscs significant alterations in the 

lysosomnl enzymes (viz protcinnscs, ncid phosphalllSe, and cathepsin B and L) in the 

proximal tubule. Gcnlnrnicin significantly inhibited the cathepsin activities but not the 

acid phosphatase. 1l1e urine excretion of calhepsio B and L \\'llS decrcnsed after 

gentrunicin. These alterations \Vere not due to structuml changes in  the lysosomcs or 10 

urioruy loss of cnthcpsin 8 or L. It  \\'llS concluded that gcntamicin reduces renal protein 

catnbolism by decreasing the aetivit) of key lysosomal enzymes (Olbricht et al .. 1991). 

(l) 1\l/tochondrtat tnj11ry. It has been sbO\\'ll lhnt mitochondrinl injury plays n role in the 

pathogenesis of aminoglycoside aephrotoxicit)' (Klune and Hook, 1978; Simmons ct 

al., 1980). The drug inhibits phosphorylation and impairs cellular energy production. 

(8) J/asc11lar factors. In addition 10 tubular factors. gcntnmicin-induccd rcnnl failure

\\'llS suggested lo be due 10 vascular factors. Gen1nn1icin activated renin-angiotensin 

system nnd increased renal endotheliun1 content (Hishida e, al. 1994). Suppression of 

renin- nngiotensin system significantly anenuates gcntamicin nephrop:uhy {Yamada et 

al., 1992). Others have also found that geatnnlicin treatment increased glomerular renin 

eonteat and decreased both basal and slimuloted glomerulnr renin release. The former 

effect remained I ,vcek nficr gantrunicin discontinuation (Fcmnndez-Repollat and 

Fantauzzi, 1994). /11 vitro, gcnt.am1cin calcium-dependently inhibited both basal and 

stimulotcd glomerular renin release. On the other bond 111 the ncpbrotoxic dose of 80 

mg/kg for 6 days Ali and Bashir ( 1992b) found that gcntnnlicin ,vas \\1ithou1 significant 

effect on the activity of serum angiotensin converting en1.yn1e in the rat. 
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2.3.S.4 �1odiftcation of Gentamicin-ioduccd Ncphrotoxicity 

Most of the altempls to reduce gen1nmicin nephrotoxicity \vithout 

compron,ising tl1e antibacterial action have been met \vith liule success. Changes in the 

structure of the nounoglycosides cause loss of nntibocterinl efTecl (Ali, 1995). There is 

obviously o need for effective, safe and practical agents that can reduce gentamicio 

nepbroloxjcity \vitl1out adversely affecting tlle antibacterial effect. 
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2.3.5.4 Modificalioo of Gcnlamicin-ioduccd Ncphrolo.xicity 

Most of ll1e attemplS to reduce gentamicin nephrotoxicity \vilhout 

compromising the ontibaclerinl action have been met ,vith little success. Changes in the 

structure of the aminoglycosides cause loss of antibacterial effect (AJi, 1995). There is 

obviously a need for effective, safe and practical agenlS lhal can reduce gentamicin 

ncphrotoxicity \vill1out adversely affecting lhe antibacterial effect. 
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2.4 PLATINm-t COORDINATION COMPLEXES AND NEPHROTOXICITY 

2.4.l CISPLATJN 

Cisplntin (cls-diarnrnine-dichloroplntinum (II), CDDP] (Figure 6) is a 

commonly used chemotherapeutic agent that \\'llS discovered in 1970 as wi inhibitor of 

gro\\ith in Eschericia coli (Rosenberg et of., 1969). The clinical benefits of cisplntin as  

an anti-cancer agent have been recognized for over 30 years (Rebik and Dolan, 2007). 

Cisplntin is considered to be curative trentment for testicular cancer, ,vben combined 

,vith blco1nycin and ctoposide. Unfortunntcly cisplatin is also one of the most toxic 

nnticnncer drugs, its dose-limiting toxicity being nephrotoxicity (Madins and 

Harrington, 1978; Goldstein and Mayor, 1983; Safirstein et al .• 1986). Despite the use 

of optimal methods for administering cisplatin, such as the use of active hydration 

(Cvitkovic et of., 1977) or  sodiun1 chloride as the vehicle (Ozols et al., 1984), 

approxin1ately JO% of patients \vill mnnifest ncphrotoxieity. 

Cisplatin is closely related to its second generation nnalog carboplatin; the t\\'O 

compounds share a mechanism of nction w1d form identical lesions on DNA. Both 

agents are used for many other types of cancer, including ovarian, cervical, head and 

neck, non-small cell lung, and lymphoma. HO\\'ever, for many, pnnicularly hend and 

neck, lung, and relapsed lymphomas, cisplnun trelllment is plngued by problems 

(Kartalou nnd Essigmano, 200 I). 

Early clinical trials of cisplntin in cancer patients sbo\\-cd o striking incidence of 

persistent azotacmia and acute renal failure (Rossof et al., 1972; Lippman et al, 1973). 

lo later studies scrum creatinine levels increased \\'ithin 6-7 days of treatment, and then 

apparently returned to pre-treatment levels by approximately J \\'eeks (l lay� et al ..

1977). Similar results ,vere seen follo,ving the injection of cisplotin into rats (\Vru-d anti 

Fauvie, 1976; Chopra ct of., 1982). Thus cisplatin-induced nephrotoxicity initially 

appeared to be an acute reversible condition. Ho,,,evcr, n1ore recent findings suggest 

that cisplatin causes a pcnnancot reduction in OFR (Dentino ct al., 1978; Meijer ct al.,

1983; Fjcldborg et al., I 986), ,vl1ich may indeed be progressive in nnlurc (Groth et al.,

1986: Jaffe et al., 1987). 

Hypomagnesaemia is frequently noted in patients receiving cisplatin (Buckley 

et al., 1984; Vogelzang el al., 1985), and is associated ,vith innppropriotcly high levels 

of win;uy excretion of mogoesium. 'fnis deficiency in magnesium lends to 

h)'JlOk.nlacmia and hypocalcacmia. Tilis selective renal loss of magnesium is not 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



2.4 PLATINUl\1 COORDINATION COMPLEXES AND NEPHROTOXlCITY 

2.4.1 CTSPLATIN 

Cisplntin [cls-dio.mmine-dichloroplnlinum (II), CDDP) (Figure 6) is a 

commonly used chemotheropcutie agent lbnl ,vas discovered in 1970 ns an inhibitor of 

growth in Esclrericla coli (Rosenberg et al, L969). The clinical benefits of cisplnlin ns 

an anti-<:nnccr ogent hn,1c been rccognil.cd for over 30 years (Rabik and Dolan, 2007).

Cisplatin is considered 10 be curative 1ren1men1 for 1esticulnr cancer, ,vhen combined 

\\ith bleomycin nnd e1oposide. Unfortunn1ely cisplatin is also one of the most toxic 

anticancer drugs, its dose-limiting toxicity being nephrotoxicity (Madins and 

I lnrring1on, 1978; Goldstein and Nlnyor, 1983; Snfirslein ct al., 1986). Despite the use 

of optimal methods for administering cisplntin, such ns the use of ncti,re hydration 

(Cvitkovic et al., 1977) o r  sodium chloride as the vehicle (Ozols et al., 1984), 

approximately 30% of patients ,viii marufes1 nephrotoxicity. 

Cisplntin is closely related to its second generation annlog cnrboplatin; the 1,,0 

compounds shore a mechanism or action and form identical lesions on DNA. Both 

agents arc used for many other types of cancer. including ovnrian, cervical, head and 

neck, non-small cell lung, and ly,nphomn. Ho,vc,•cr. for many, particularly head and 

neck, lung, and relapsed ly1nphomas, cisplatin treatment is plagued by problems 

(Kartalou and Essigmnnn, 2001). 

Early clinical trinls of cisplatin in cancer patients sho,ved a striking incidence of 

pcrsisicnl nzotacmia and acute renal failure (Rosser ct al .. 1972; Lippman et al .. 1973). 

In later studies scrum crcalininc levels increased ,vi1hin 6-7 days of treatment, and then 

apparently returned to prc-1reatmen1 levels by approximately 3 \\eeks o,-layes et al, 

1977). Similar results ,vere seen follo\ving the injection of cisplatin into rats (\VMd and 

Fauvie, 1976; Chopra et al 1982). Thus cisplalin-induccd ncphro1oxici1y initially• 

appeared to be an acute reversible condition. llowc,cr, n,orc recent findings suggest 

that cisplatin causes n permanent reduction in GFR (Dentino t!l n/., 1978; Nlcijcr et al ..

1983; Fjcldborg et al., 1986), ,vhich may indeed be progressive in nature (Groth et al,

1986; Jaffe et al., 1987). 

Hypomognesaemia is frequently noted in pauents receiving cisplatin (Buckley 

ti al, 1984; Vogelzang ct al., 1985), and is associated ,vilh inappropriately high levels 

of urinary excretion of magnesium. l11is deficiency in magnesium lends to

hn,okllJnc:mia and hypocnleacm.ia. 11us selective renal loss of magnesium is nol 
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unusual and may be even more common than other renal abnom1alities as an expression 

of cisplatin ncphrotoxicity. 

Light microscope studies of humnn kidneys have rcvenJed focal acute tubular 

necrosis, affecting primorily the dist.al and collecting tubules. ,vilh dilototion of 

convoluted tubules and cost fom111tion (Oonzalez-Viuile et al .• 1977). More rcccotJy, 

Tonnko et al. (1986) reported sporadic degenerative lesions, necrosis, and regenerative 

changes in the S2 and SJ regions of the proximal tubule and also in the distal tubule 

nnd collecting duct. The glomeruli nod vosculature appeared uninvolved. These 

observations ore some,.vhnt different to those seen in the rat, ,vherc cisplatio-induced 

dnmage is largely confined to ilie SJ segment of the proximaJ tubule, located in the 

outer stripe of the outer medulla (Chopra et al.. 1982). \Vith increasing time cystic 

tubules develop in iliis region (Dobyan, 198S). l lo,vcver, ilicsc cysts hove not been 

reported clinically. 

The activity of a number of urinary enzymes, including alnnine aminopeptidase, 

N-acetyl-0-D-glucosnminidase, leucine arninopeptidnse and 6-glucurinidnse, has been

sho,vn to be elevated as early as 36-48h after cisplntin treatment (Kulm et al., 1978; 

Jones et al., 1980). 01-micro-globulin excretion hos also been sho,,11 to be tmnsiently 

increased after eisplntin treatment (Daugaard et al. 19880.b). It is of interest to note 

thot this proteinuria (involving proteins of lo,v relative molecular mass). prcdoolinnntly 

tubular in origin, \\'BS transient, \\'hereas a persistent protcinuria consisting of proteins 

of high relative molecular mass, such as albumin and IGg. and glomcrulnr in origin ,vas 

seen ofter the completion of cisplatin treatment. 
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Figure 6, The chcmic:al sUUctUl'C$ or ci1pbtin, 1JU11spla1in, carboplatln, oxolipla1ln, Md s:11rapla1m. 
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2.4.2 MOLECULAR MECHANlS�IS OF TOXIC11'Y OF CISPLATIN AND 

OTHER PLATLNATLNG AGENTS 

!\lecbanism of Aclion 

DNA Lesions 

38 

Upon entering a cell, all platinating agents become hydrated, losing chloride or 

oxalate ions, and gaining two ,vnter molecules. This positively charged molecule is then 

able to interact \\ilh nuclcophilic molecules within the cell, including DNA. RNA, and 

proteins. It is genernlly agreed tho! DNA is the preferential DJJd cytotoxic target for 

cisplatin and other platinating ngcnls (Zorbas and Keppler. 2005).\Vhen binding to 

DNA, platinating agents favour the N7 atoms of the imidazole rings of guanosine and 

adcnosine. TI,ree different types of lesions can form on purine bases of DNA: 

monoadducts, introstrond crosslinks, nnd ioterstrand crosslinks (Figure 7). 

Moooadducts ore urst formed as one molecule of ,vatcr is lost from aquated plotinating 

agents; ho,vcvcr, greater thnn 90% of monoadducts then react to form crosslinks. 

Almost all of these crosslinks ore introstrnnd. ,vith the majority being 1,2-d(GpG) 

crossUnks. Additional DNA lesions i11clude intcrstrand crosslinks. Oxoliplatin fom1s 

fewer crosslinks than cisplatin at cquimolar concentrations; ho,vcvcr, it is equally as 

potent at these concentrations (\Voynnro,vski et al., 1998; \\loy!lllIO\\'Ski et al .. 2000) 

and is able 10 induce similar numbers of single-slr.lnd nnd double-strand breaks on 

DNA (Faivre et al .• 2003). 

All crosslinks result in contortion of the DNA (fucncs et al., 2003). Cisplotin 

wid carboplatin intrast.rand crosslinks bend the double hclLx by 32-35° to,,-nrd the major 

groove, \\•hereas oxaliplatin treatmtnt bends the helix even further (Di Francesco et al., 

2002). Both 1,2-d(GpG) and 1,2-d(ApG) introstrand crosslinks un,vind DNA by 13°. 

while the 1,3-d(GpXpG) intrnstrand lesion un,vinds 01 A by 34°. lnterstrand lesions 

induce even more stcric changes in DNA, ,vith extrusion of the cytosines at the 

crosslinkcd d(GpC)d(GpC) sites, bending of the double helix to,vnrd the minor groove 

by 20-40°, and extensive DNA un,vinding of up 10 80°. Oxaliplntin adducts ore bulkier

and more hydrophobic thnn those formed from cisplatin or corboplatin, leading to 

different effects in the cell (Nlisset et al., 2000). 
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DNA Monoadduct 
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Figure 7. Pwirulting ogcol adducts on DNA P13tmating agents= able 10 interact 1, ith ONA 10 fom1

monoadducu, intr.utrand crosslinks (l,2-d(GpG). 1,2-d(ApG), 1,3-d(GpXpGp)), mtcrstnllld 
crcmlinks (G-G), and DNA-protein crosslinks From Rabi}. and Doi.in, 2007.

lThfG Involvement 

There a.re different theories as lo which lesion is responsible for cytotoxicity 

Some bel.icve that the intersuand crossliok is cytotoxic bccouse of the le,el of distortion 

in the DNA; bO\\'CVer, most believe that the predominnnt 1,2-introstrond crosslinks Me 

the cytotoxic lesion because of  comparisons \\ ith the biologically innctivc 1ra11s isomer 

of cisplalio, 1rans-diamincdichloroplatinum (JI) (1ra11s-DDP) (Figure I). 1rans-DDP is 

wmblc to form 1,2-inuastrand crosslinks, but is able to form 1,3-intro- nnd inter-strand 

linkages (Eastman nnd Barry, 1987). Additionally, high mobility group {I l�IG) proteins 
are able to recognize and bind to DNA at the 1,2-d(GpG) int.raslfnnd crossli11ks. HMO 
domains 11rc basic domains of 80 amino acids \\hich contain three a-helicnl domnins. 

They 11re intimately associated with the curvnture of chromatin. Their presence is 
thought to be crucial for sensitivity to cispla11n and cnrboplntin, panly because the 

lestis, \\hich is exquisitely sensitive to cisplotin, expresses several H�IO domnin 
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proteins. Members of the fil.lGB family, including HMGBI (�lG-1), have been 

sho,vn to bind to 1,2- d(GpG) crosslinks induced by cisplatin, but not to DNA ll'Cllted 

,vith trans-DDP. The binding of HNlGB I to cisplatin aids in preventing replicative 

bypass (tronslesion synthesis) (Vaisn1an et al., 1999). 

Additionolly, lfMGB proteins such as SRY, UBF, and LEF-1 have been sho,vn 

10 block nucleotide excision reprur (NER) componenlS from repairing the lesion via a 

"shielding mechanism" (Reeves and Adair, 2005). The cisplatin-DNA-HMGB I ternary 

complex is also able 10 block transcription factors, thus preventing both crnnscriplion 

and replication. ll1is block in  cellular processes may be responsible for sending out 

DNA drunage signo.Js that result in initiation of apoptosis (Siddik, 2003). ln suppon of 

this theory, He et al., found that overexpression or HMGB I caused by estrogen 

exposure sensitized breast tumor cells to cisplotin (He et al., 2000). Hi\1GB I generally 

functions to facilitate binding steroid hormone receptors to their promoter sites on 

DNA. In the MCF-7 breast cancer line, priming the cells ,vith estrogen or progesterone 

resulted in increased transcription of HlYIGB I by approxi1natcly 1,vo-fold. This 

increased HMGB I expression is associated ,vith a concomitant increase in sensitivity to 

cisplatin in this cell line. Hl'vlG has a much lo\\·er affinity for oxaliplatin crosslinks on 

DNA than it does for cisplotin or carboplotin adduclS (V rusman et al., 1999). The 

molecular geometry of the oxoliplatin adduct, ,vith a narro\\-er major groove and 

correspondingly ,vidcr minor groove, i s  thought to be responsible for this observation. 

Endoplasmic Reticulum Stress 

Although eisplatin is kno,vn to induce apoplosis follo,ving DNA damage, il bas 

also been sho\lm to cnuse activation of apoplotic caspnses through activation of the 

cndopla.srnic reticulum (ER) stress path,vny (Figure 8) (Mandie et al. 2003). 1l1e ER 

stress path,vay is based on the cellular unfolded protein response (UPR). \\/hen the ER 

experiences stress such as starvation or treatment ,vith inhibitors of N-glycosylation 

(e.g. tunicamycin), it cannot fold or tronSport proteins correctly, and the UPR is 

activated. The first step of the UPR is phosphorylation of clF2a ot Ser5 l. hailing ne,v 

protein synthesis, then regulatory componenlS of the ER stress palll\vny, including 

A TF4, A TF6, XDP I, and DiP (Grp78), are upregulotcd (Breckenridge et al. 2003). In

some cases, tJ1esc regulatory proteins arc able 10 restore normal ER function. In other 

circumstances, the UPR initiates apoplosis. 1l1is ER streSS-induced apoptosis is

dependent upon the activation of caspuse-12 (Breckenridge et al., 2003). Caspase 12 is 
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loc�ted at the cytosolic face of the ER and is cleaved by the calpain protease 

(Nnkngo\\'3 and Yuan, 2000). lnhibition of calpoin by cnlpeptin prevents cisplalin­

induccd cnspasc-12 cleavage (Mondic et al .• 2003). 

Treatn,cnt of cnucleatcd melanoma 224 and colon c&'cinomo HCT 116 cell 

lines \\ith cisplotin resulted in oc1ivation of caspase 12, followed by caspose 3

activation. Grp78 (BiP) ,vas also upregulntcd in 224 cells (Mandie et al., 2003). 

Additionally, it bas been observed in a pancrc:itic cancer cell line that cisplatin is 

capable of activating ER stress pathways, including upregulation of chaperone proteins 

and caspose 12 cleavage (Nnv,rrocki et al., 2005). The stimulation of pro-apoptotic 

palll\vays in enucleated cells by cisplntin-induccd ER stress ,vus a novel finding and 

one that other groups ore beginning to evaluole further as a secondary mechanism of 

cisplotin cytotoxicity. ER stress activation hos not been sho,vn as yet for either 

corboplotin or oxoliplotin. 

Clsplalln 

• 

Clsplalin 

ER Stress ONA Adducts 

Nuc/aus: Nuc/eollds 
ExciSJon Repair. DNA 
tolerance (Pol 11) 

-

Cytosol: Glutathlons and 
other anlloxldants 

Flgun 8. Mrchanlsm of clsplaJln oc1ivi1y and mccbllllisms of rcsist11nce !o p!Alina11ng agenis, llS
CXCl!lpliried here by clsplatin Cisplntln can act In lhc ctll either by c.11us1ng DNA damage, or by 
ICti\-u�g the ER stress pathway, both o(\\hich con lead 10 cellular npoplosis In addl1ton, many 
mcclw11s111S of resistance (italJcs) ore present, Including 1rruupon, cellulilf an110,1dants, increased DN/\ 
lbimgc repair, 411d DNA 1olennct From Rab1k and Dolan, 2007
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Clinical Utility of Cisplatin 11nd Commonly Used f'lntinuting Agents 

Cisplntin, carboplatin, and oxaliplatin are all commonly used intrn,.'Cnous 

plntinating agents. Cisplalin is still used regularly for head and neck and genn cell 

rumors, \Yhile carboplolin has supplanted the use of cisplntin for most ovarian tumors 

Md for the Lrentmenl of non-small cell lung corcinonia (Hartmann nnd Lipp, 2003).

O:<nliplotin is  currently approved for Lreatment in colorectnl cancer, but hos also been 

sho,vn 10 hove activity against breast and endomelriaJ cancers and malignant melanoma 

in Phnse I srudies (Missel el al., 2000). Additional Phnse II trials sbo,v oxaliplatin to be

active against non-small cell lung cancer, prostate cancer, genn-cell malignancies, 

ovnrian earcioomn, non-Hodgkin's lymphoma, and malignant mesothelioma; n1inimnl 

or no activity ,vns observed in head nnd neck carcinonia and in malignant nstrocytomn 

(Mis.set el al. 2000).

Toxicities 

Toxicities associated ,vith cisplntin range from n1ild to severe, ,vith 

nephrotoxicity and peripheral ncurotoxicity being the most serious (Figure 9) (Donzelli 

el al .. 2004; Stachurska et al.. 2004). ephrotoxicit> is primnrily due to uptake by the 

proximal tubule cells of the nephron, ,vitl1 uptake by other cells having a lesser effect 

(Stachurska et al., 2004).

One notable distinction bet,vccn cisplatin and carboplatin is a diOercncc in the 

spectrum of toxicities. Corboplatin mrcly results 10 ncpbrotoxicity o.nd peripheral 

neuropathy, ,vith its major toxicity being n1yelosuppn:ssion (\VngsLnfT et al .• 1989). The 

most common toxicity associated ,vitll oxnliplatin treatment is peripheral ncuropathy, 

\\lhicb ranges from acute and transient to a cun1ulotive neuropathy. Oxnliplatin is 

generally free of ototoxicity nnd nephrotoxicity, ,vith only moderate isolated cases of 
neutropenia nnd thrombocytopenia (Misset ct al .. 2000).

Ototoxicicy-Ototoxicity occurs in opproximately 23-54% of patients receiving 
cisplntin treatment, and in greater tllan half of pediatric patients receiving cisplatin 

{Figure 9) (Rybak and Whit,vorth, 2005). Bolus higher doses of cisplntin have been 
shoY.11 to be more ototoxic and nephrotoxic t.han repealed infusions at lo,ver doses in 
adults (Reddel ct al.. t 982). In children, ho,vc,·er, prolonged infusions nre less 
nepbrotoxic than bolus doses but still result in considerable ototoxicity (Lnnvcrs­

Kaminsky et al .• 2006). 
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Platinum-based chemotherapeutic agents dnnu1ge the outer hair cells of the 

cochlea (inner car), resulting in functional deficits (R.ybnk nnd \Vhir.vorth, 2005). The 

mechanisms underlying these uoublcsome side effects most likely involve the 

production of reactive oxygen species (ROS) in the cochlea, \vhich can trigger cell· 

death path\vays. This i s  thought to be due to activation of the NA.DPH oxidase isoform 

NOX3, which is expressed only in the inner car, os kidney cells t.rnnsfected ,,<ith the 

noxJ gene exhibit enhanced superoxide fonnntion upon treatment ,vith cisplotin (Bonfi 

ti al, 2004). The supcrox.ide radical can then be transformed by cellular enzymes into 

hydrogen peroxide and the hydrox')'l radical, ,vhich has been hypothesized to play a 

lll3jor role in cisplatin-induced ototoxicity (Lee el al, 2004). In the outer hair cells of 

the cochlea, cell death path\\11ys arc triggered by the release of cytochrome c and 

activation of caspascs 9 and 3 (\Vang et al., 2004). 

One strategy to protect the inner ear from ototoxicity is pretreatment ,vith Lhiol· 

containing drugs that act as antioxidants, including sodium tl1iosulfa1e (STS),

methionine, gluuuhione ester, nnd rurufostine (Rybak and \Vhlt,vonh, 2005). a­

Tocophcrol (Vitamin E) .,..115 sho\\n to reduce cisplntin-induced ototoxicity in male rats 

as measured both by hearing thn:shold differences ond cochlear morphology (Knlknnis 

et al, 2004). lo Hanley albino guinea pigs, treatment \\ith a-tocophcrol alone \\'ilS less 

effective, but \\hen given in conjunction willl the thiol-containing con1pound 1iopronin, 

cisplatin-mduced bearing loss \\'llS significantly slo,,cd (Fetoni et al. 2004)

High smun coocentrntioos of carboplntin ha\c nlso been linked 10 oxo1ox1ci1y, 

although this phenomenon is relatively rare, occurring in -I o/o of patients. Oxaliplntin 

bas not been linked LO ototox.ici1y (I larunann and Lipp. 2003). 

'epbro1oxic:ity-Nepbro1oxicit) is assoc1ntcd with c1spla1in trcatment, but is ran: ,vith 

therapies iovol\ing its Inter gcnerauon analogs cnrbophuin or oxal1pla1in (Figure 9) 

(Cassidy ond Missel, 2002; \Volfgnng ti al 1994) Due 10 the renal excretion of 

ci.splatin, the kidney accwnula1cs a higher effective c:oncentrn1ion of cispla1in than any 

other organ (lk.ari et al .• 2005) Tlus accumulauon preferentinll) affects the temunal 

proiumal 1ubule and the distal ncphron and c.m ca� either npop1ostS or necrosis, 

depending on exposure time and concentn111on (llari ti al. 2005). Lo\v, prolonged 

doses of ruplatin typically induce npoptosis, \\hc:reiu nc:crosi� is c.iUS<d by short 

CXJ)Osurcs to lugbcr cooccn1.rouons of cisplnun (Licbcnhal tt al 1996). Similar 10 

CISJ)Win-induced ototox1cit> nepbrotox1c1ty related 10 cisplaun treatmml 1s due to the 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



production of ROS. Notably. ROS are only thought to medinte the apoptosis path\Yll)', 

and arc not involved in the necrotic de.ith path\vay (Licberthal el al., 1996}. ROS 

damage is thought to be mitigated by bypoxja-inducible factor la (HlFla). 

!mmortolized rot renal tubular cells expressing dominant negative HIFI a ,..,ere more

susceptible to opoplosis follo,ving cisplatin treatment in hypoxic conditions thnn cells

expressing ,vild-typc 1-llFla (Tanaka el al .• 2005). Future studies hope to use nctivnlion

of HlF-1 as a target for further protecting patients from nephrotoxicity, possibly ,vith

siRNA or gene therapy.

The human orgnnic cation transporter (hOCT) has been proposed 10 be involved 

in potentiating cisplatin-induccd nephrotoxicity in the proximal tubule. This transporter 

is expressed primarily in the kidney (Gorboulev et nl., 1997). Afier treatment ,vith a 

concentration of cisplatin kno,vn 10 induce npoptosis, the hOCT2 substrate cimetidine 

was able to suppress cisplat.in-induced apoptosis (Cinrimboli et al. 2005}. Cotrcatment 

of cisplntin ,vith a hOCT2 inhibitor could lend to reduction in nephrotoxicity 

(Ciarimboli et al., 2005). More c, idcncc in favor of the OCT2 transporter as a wgct for 

cisplntin-induccd ncphrotoxicity ,vos uncovered using HEK293 cells transfcctcd ,vith 

the rot OCT2 transporter. In these cells, cisplntin-induccd cytotoxicity ,vos increased by 

lhe presence of the rOCT2 transporter, as a direct result of increased plntinun1 uptake. 

This indicates that rOCT2 expression ,vas n definitive mnrker of cisplntin-induced 

nephrotoxicity (Yonez.a,vn et al., 2005). 

Many antioxidant treouncnts, including tiopronin, N-acetylcysteine pre­

treatment Md sodium lhiosulfatc post-t.rcnlmcnt hove been cvnluntcd against cisplatin 

ncphrotoxicity. STS post-treatment ,vas 1in1c-scnsitivc. \\ith n 2h deloy being protective 

against nephrotoxieity, and up 10 4 h giving otoprotcction (Dickey cl al.. 2005: Viale ct

al., 1999). 

irregular kidney function cnn result in toxicities in rnn: cases or earboplatin 

treatment, usually in pnticnts ,,·ith rennl dysfunction; in contrast, patients ,vith a high 

glomcruln, filtration rate can have subtherapeutic systemic concentrations of 

carboplatin (Hartmann nnd Lipp. 2003}. 

Ncurotoxicity-The dorsnl root gnnglin of the spinnl cord arc the prin11lJ')' location of 

cisplatin damage in the central nervous system (Figure 9) (1',leijcr c1 al.. 1999). This 

explains the primory sensory neuropothy common!)' observed in patients treated \\�th 

cisptotin (Mcijer cl al, 1999). Cisplntin-induccd neuropathy ts chnrncterizcd by 
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decreased sensory nerve conduction velocity, possibly by acting as a calcium channel 

blocker (Hllrtll\nnn nnd Ljpp, 2003). Co-lreatmenl of rats \\ith ncetyJ-L-camitine ,ws 

able to protect animals from neurotoxicity ,vhile ha, ing no effect on the anti-ocoplost.ic 

nctlvity of cisplatin (Pisano ct al., 2003). 

Vi1no1io E has been sho,vn 10 be decreased in patients treated ,vith cisplotin 

(Bove el al., 200 I), nnd vitamin E deficiency causes a sensory ncuropnthy very similar 

to thnt observed ,vi1h cisplatin treatment (Halli,vell and Guneridgc, I 993). Therefore, 

vitamin E ,vas tested as a means 10 protect ogninsl cisplatin-induced neuropathy in a 

controlled clirucal trinl. One group of patients received vitamin E concomitantly ,vith 

cisplotin, and for three months following the lost cisplatm treatment� the other group 

received cisplntin as prescribed by dosing recommendations (Argyriou et al, 2006). 

Neuro1oxici ly, as measured by a peripheral ncumpathy score. ,,as significantly 

decreased in patients treated ,vith cisplotin plus vitamin E ns compared ,,i1h those 

treated ,vilh cisplotin nlooe. 

Erythropoictin hos also been associated ,vith neuropro1cc1ion in vivo. In 

preclinical experiments in rats, crythropoictin \\OS protective against cisplatin-induccd 

neuropatl1y (Orhnn et al .. 2004; Bianchi et al., 2006). A crubnmylnted derivative of 

erylhropoietin ,vas also tested, to ovoid tl1e cry1hropoie1ic effects of tl1c parent drug, and 

it ,vas also sho,vn to be effective ns a neuroproteetant for cisplatin neurotoxicity in rats 

(Bit1nchi et al., 2006). Cnrbamylated erytltropoictin is currently undergoing further 

experimentation for long-term side effects, ,vitli future clinicol trials planned. 

Carboplatio is notably less neurotoxie than cisplotio nt con,entionnl doses, ,vith 

a similar sensory ncuropathy occurring in npproxin1ntcly 6% of patients (Cnnen:i et al.

1985). In rare cases, high doses of cnrbopl111in have been sho,,'11 10 result in a sensor)' 

ataxia soon after treatment. 1l1cse patients had oll received cisplatin prior 10 

carboplo1in, and experienced a mild neuropath) fron1 Lhc first platinnting agent 

(Hcinzlcf et al., 1998). Among gynecologic carcinoma patients treated ,, itl1 a 

combinntioo of carboplntin and paclitn.xel, 25° 
o of patients developed peripheral 

new-otox.icily (Markman et al. 2001). 

Oxnliplntin ncuropatl1y has o wide spectrum, ranging from on acute sensory 

ncuropalhy immediately follo,ving treatment 10 o chronic, dosc-lio1iting ncuropnthy thnt 

usually lakes severnl weeks of treatment to nppcar. r\cutc ncurotoxiei1y causes 

numbness and pain in the distnl extremities, and ,,orscns upon elCposurc 10 cold 

tempem1wcs; this is  tltoughl 10 be due to inhibition of vol toge-gated sodium currents by 
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decrcBSCd sensory nerve conduction velocity, possibly by acting as a calcium channel 

blocker (Hrutmann and Lipp. 2003). Co-treatment of mts ,vilh acetyl-L-crunitine ,,'llS

able to protect animals from neurotoxicity \vhile having no effect on the anti-oeoplnstic 

activity of cisplotin (Pisano et al., 2003). 

Vitamin E hos been sho,vn to be decreased in patients treated ,vith cisplotin 

(Bove et al., 200 I), and vitamin E deficiency causes o sensory ncuropothy very similar 

to lhnt observed ,vith cisplatin treatment (Hallhvell and Guueridge, I 993). Therefore, 

vitrunin E ,vos tested ns a means to protect ogoinst cisplalin-induced neuropatl1y in a 

controlled clinical trial. One group of patients received vitamin E concomitantly ,vith 

cisplatin, and for three months follo,ving the last cisplatin treatment; the other group 

received cisplalin as prescribed by dosing rccomn1cndations (Argyriou et al. 2006). 

Neurotoxicity, as measured by  a peripheral neuropathy score. ,vas significantly 

decreased in patients treated \\ith cisplatin plus vi1an1in E as compared ,vith those 

crcnted ,vitb cisplatin alone. 

Erythropoictin has nlso been nssocinted ,,ith neuroprotection in vii·o. In 

preclinical experiments in rats, crythropoictin \\11S protccuvc ogoinst cisplatin-induccd 

neuropalhy (Orhan et al .. 2004; Bianchi er al. 2006). A carbamylotcd derivative of 

crythropoietin ,ws also tested, to ovoid the erythropoietic effects of the porcnl drug. and 

it \\'3S also sho,vn to be effective ns n neuroprotectant for cisplatin neurotoxicity in rats 

(Bianchi et al., 2006). Corbamylotcd crythropoictin is currently undergoing further 

c.�perimcntolion for long-tcm1 side effects. ,vith future clinical trials planned.

Carboplatin is notably less ncurotoxic tl1nn cisplotin at con, entional doses, ,,rith 

a similar sensory neuropatlly occurring in opproxin101ely 6�'o of patients (Canetta et al. 

1985). In rare cases, high doses of corboplatin hove been sho,vn to result in n sensory 

ataxia soon ofter treatment. These pa11cn1s hod nil received cisplatin prior to 

carboplatin, ond experienced a n1ild neurop:ithy rrom the first platinnting agent 

(Hcinzlef ct al., J 998). Among gynecologic cnrcinon10 p:itients tn:au:d "itll a 

combination of carboplotin and p:icliUJ..'<el, 25o/o of pa11en1s developed peripheral 

ncurotoxicity {?vlarkrnan et al. 200 I). 

Oxaliplatin neuropathy hos a wide spectrum, ranging from on ocute sensory 

ncuropnthy imrnediotely follo,ving treatment to n chronic. dose-limiting ncuropnthy that 

usualJy talces several weeks of treatment to :ippear Acute neurotoxicity causes 

numbness and pain in tile distnl extremities, and \\Orscns upon exposure 10 cold

temperatures; tllis is  thought to be due to inhibition of voltage-gated sodium currents by
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oxoliplatin, nnd may olso be due to the presence of free oxalate ions acting as cruciwn 

chclotors (J-lnrtmann and Lipp, 2003). Th.is neurotoxicity occurs in greater than 95% of 

patients and can be managed by treatment of calcium gluconote or mogncsiwn sulfote 

preceding and follo,ving tre:itmcnt (Gamelin et al, 2002; Grollcau et al .. 2001: 

Gamelin et al., 2002). 

The cumulntive neuropnthy caused by oxoliplotin occurs in opproximo1ely 15% 

of patients, and its reversible symploms include non-cold-related numbness nnd pain. 

sensory loss, nnd sensory atn.xio. Amifosline and glut:1thione have been used to reduce 

the severity of lhis neurop:ithy, ns hove the anti-epileptic agents gobapentin and 

carbrunoz.cpinc (1-lnnmano and Lipp, 2003; Gro1hcy, 2005). Chronomoduloting the 

delivery of oxoliplatin also helps to prevent this toxicity (1-lart.mnnn and Lipp, 2003). 

Myelosuppre.ssion-The dose-limiting side effec1 of cnrboplotin i s  myclosupprcssion, 

specifically neutropenia and thromboeytopenin (Figure 9). \Vhile conventional 

ca.rboplotin doses result in thron1bocytopcnio 1n 20-40% of patients and se,•ere 

ncutropcnio in less than 20%, high doses con result in life-threatening toxicity, made 

more mnnagcablc by addition of granulocytc colon} stimulating factor (GM CSF). In 

the majority of cases, neither cisplotin nor oxoliplatin is associated ,vith severe 

myelosuppression. 
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Figure 9. Toxicities 1WOCi11tcd with trc.itmcnt with platinnting agents A The most common side effects
11uocla1cd "ith dsplatin ircatmcnt 1uc 0101oxicity, pcriphcr.il ncurop3thy. m) clo1uppression. ruid
ocphroto�icity Ototoxicity is notably higher In pediatric p3licn�. \lhilc ncuro1>3thy is rcbtivcl) more
common in lldult p3ticnts. B The most common toxicity associated wuh carboplatin Is 
myclosuppn:$sioo. \\Ith rare cases ofncuroto'lidty ond ncphroloxic1ty Oxnliplatm most commonly
causes ncurotoAieity. From R.abik and Dot.111, 2007
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2.5 OXJDATlVE STRESS ru'fD PROTECTIVE EFFEC'r OF 

POLYPIIENOLS: COl\lPi'-RATIVE STUDIES IN 1"1Ul\1AN AND 

RODENT KIDNEY 

Considerable experimental evidence has contributed to suppon a key role of 

rtllctive oxygen species (ROS) in the numerous n1echanisms or seeniingly unrelated 

ncphropothies (Rodrigo ond Rivero, 2002). \Vhile enzymatic ond noncnzymatic systems 

preserve the nntioxidant/oxidnnt status, these defense systems become ovel'\vhelmed 

during oxidative stress, o metabolic derangement due to on imbalance caused by 

e.xcessive generation of ROS or a diminished antioxidant capacity. It hns long been 

recognized that ROS are harmful for cells, mainly because they injure lipids. proteins. 

nnd nucleic acids, ,vbich leads to structural nnd functional in1painnents (Freeman and 

Crapo, 1982; Mnntlc and Prccdy, I 999). 

Numerous interventions ha, e been put fol'\,·ord to counteract the effects of ROS, 

by reinforcing the antioxidant defense systems. Dielllr)' supplemen1011on \\ith the 

nntioxidnnt vit.amin E slo,ved the rate of progr�sion of renal deterioration (Fryer, 

1997), ottenuntcd the nephrotoxicit) caused by ferric nitrilotriocctotc (Fe-NT A) (Iqbal 

and Athar, 1998) nnd nmeliorotcd the glomerulosclerosis occurring in the ncphrcctomy 

re.mnant kidney model in the rot (Hohn ct al.. 1999). Also, gentan1ici11-induccd 

nephrotoxicity ,vas ameliorated ,vith garlic, knO\\'ll to be rich in polyphenols (Pedm.a­

Chaverri ct al.. 2000). Recently, the possible odvontoge of o moderate ,vine 

consumption in patients ,vith chronic renal failure \\'IIS hypothesized (Caimi et al.,

2004). Therefore, it is expected that the nnturoll)• occurring nutritional sources of 

antioxidants, such as fruits, vegetobles. tea or ,vine, "ould olso ouenunte the renal 

dwnagc caused by oxidative challenges. Polypl11:nolic cornpounds. abundant in these 

nutritional sources, could piny a major role in cnhancini; the antioxidant system, since 

they behave ns ROS scavengers, metal chclntors and enzyme rnodulators (Pietta et al.

1998). In agreement ,vith tl1is ,•ie,v, it ,vus demonstrated thnl resveratrol, a stilbene 

polypbenol found in grapes nnd red ,vine. suppresses the proteinuria, hypoalbuminemia 

and bypcrlipidemia induce<l by nnti-ral kidney antiserum (Nihei et al., 200 I). Also, 

rcnoprotcctive effects hove been reported for other pol)-phenols such ns qucrcetin 

(lshika,va and Kitamura, 2000) ond nlpha-Grutin (Shimoi et al. 1997). Although these 
studies have been pcrfonncd in rodents, it ,vas SUl,lSCStcd that this protection may be 

useful to prevent or treat myoglobinuric ncute renal failure 1n humans (Stcfono\'ic et "I, 
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2000), tY.'O species with great similarity on the mech1111ism of  renal injury in lhis setting. 

Although dietary supplements contruning polypbenols have been used in humans, a 

S3fct)' assessment of the applied dose bas been rcco1nmendcd due to the possibility of 

some adverse effect of this mode of consumption Qvlennen et al., 2005). 

2.S.I Renal alterations nssocintcd ,vith oxidntivc stress 

Oxidative stress 1ncdiatcs a ,vide range of renal i1npainncnts, ranging from 

acute renal failure (Poller et al., 1998; Baliga et al. 1999: Shah. 200 I}, rhabdon1yolysis 

(Vnnholdcr ct al., 2000), obstruclive nephropathy (Klahr, 200 I}, hyperlipidemia 

(Wanner ct al.. 1997; Sokatsumc ct al., 200 I) nnd glornerular damage (Kitamura and 

lshika,va, 1999) to chronic renal failure nnd hcmodialysis and associotcd inflo.mmolion 

(Handelman et al., 2001). Thus, increased levels of malondio.Jdchydc and F2-

isoprostnnes, 1\vo products of lipid peroxidation, have been reported in various clinic.al 

settings associated \\�th renal damage (t,ilartln-Moteo et al., 1999). nltbough 1nos1 of 

these studies hove been performed in rots or mice. 

2.S.1.1 Glo1ncrulor ollcrotions 

Oxidative stress may niter the structun: and function of the glomerulus because 

of the effect of ROS on mcsnngiol and endothelial cells (Klahr, 1997). The glon1crulus 

is considerably more sensilive to oxidntive injuric:. than other ncphron segments. 

Lipoprotcin g.lomcrulopathy has been characterized by a rel:nivcly rapid progression lo 

rennl impainncnt nnd the dcvclopa1cn1 of glo1neruloscleros1s (Sakatsume et al. 200 I), 

Both native and oxidized forms of LDL (LDL-ox) nu1y be involved in the glomerular 

damage mediated by oxidative stress. Oxidative stress panicipates in the renal damage 

induced by hyperlipoproteinemia (Scheuer et al.. 2000). mainly associated \\ith the 

glomerular accumulation of  LDL (Lee and Kirn. 1998). Subscqucnily, oxidation of 

LDL by rncsangial cells could occur (\\'heeler l!I al.. 1994), thereby activating the 

apoptosis palh,vay of  endothelial and rnesangial cells, as sho,vn by studies of tl1cse cells 

of humans in vitro, an effect prevented by antioxidants (G:ille et al .. 1999). Also. native

LDL has sho,vn a dose-dependent stimulation of prolifem1ion of cultured mesnngial 

cells (Nishida et al., 1999), a response attributed to an enhancement of expression of c­

jun and c-fos genes, involved in l11e cellular proliferation nnd DNA synthesis in 

mesnngial cells during LDL exposure (GrOne ct al., 1996). Antioxidant enzymes, such 

as et1tall1Se (CA n and superoxidc disn1utnse (SOD), but not glutothione peroxidase 
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(GSH-Px), mny pnrtially inhibit the effect or LDL on DNA synthesis (Greiber ti of.

t996). Native LDL wns found to induce the generation of ROS in rat glomerulnr ceUs 

(Wanner et al., 1997), ulthough other studies found no effect of LDL in the production 

of supcroxide onion by mesangiul nnd endothelial cells in vitro (Galle el al .• 1999). This 

controversy mny be due to the different conditions of the experimental models lhnt 

were used. Although the presence of an excessive amount of LDL is recognized as o 

factor of glomerulnr darnnge, its role in the production of oxidative stress has yet to be 

fully elucidated. This damnge could be direct or indirect. because oxidation of LDL is 

induced by infillroting leukocytes resulting in increased glomerulnr domoge. ln 

addition, native LDL can stimulntc libroncctin sccn:tion by mesanginl ceUs. LDL-ox 

may stimulate the genie expression of fibronectin through the autocrinc secretion of 

tronsJorming gro\\ith factor-13 (fGF-13) in cultured humnn glomerulnr epithelinl cells 

(Ding at al., 1997). These data suppon a role of oxidnti\'C stress and dyslipoproteinemin 

in the pathogenesis of glomcrulosclcrosis associated \\'ith rcnul diseases. Studies in rats 

demonstrated that long-tcnn ,vine exposure reduced LDL-eholcsterol through its non­

alcoholic components, thereby protecting the kidney against the deleterious effects of 

LDL and their oxidized derivatives on the glomerulus (Cnscon et al .. 200 I): this effect 

could be reinforced by a preservation of polyuns,1111rated fatty acids of kidney 

pbospbolipids also attributed to polyphenols (Araya et al 200 I). 

Oxidative stress could also be involved in other inflammatory lesions caused by 

o series of mediators, including cytokincs nnd chcn1okines lending to leukocyte

activation, production of ROS ond increased glomcrular drunogc (Takemura et al.,

1994). Also, the molecules causing inflan1ma1ion could be produced by the resident

renol cells. such as glomerular mesangial and endothelial cells. proximal tubulnr

cpilhclioJ cells, 1111d interstitial fibroblasts (Rovin und Phan. 1998). The nuclear

factorkappaB (NF-KB) is one of the most important regulators of proinflamrnotory gene

expression (Tak and Firestein. 200 I), nnd it has been uen1onstrnted that ROS can

stimulate its activation in mesangial cells (?\1nssy ct nl. 1999). TI1e antioxidants may

play a key role against the glomerulor inflamn1atof) processes, through n diminution of
the activity of inilnrnmatory enzymes (Ozaki el nl • 1999) nncl cytokine secretion, or by
inhibiting !he activity of NF-KD (Mossy ct al • 1999), i1!> sho,vn for the \\inc polyphenol

q�rcctin (lshika,vn and Kitamura, 2000). 1\lso, r.:s,cratrol. a stilbcnc polyphcnol 
found in grapes and \vine, is O potent nntiglon1erulonephritic factor capable of
suppressing proteiouria, hypoalbun1ini:mio, and hyperlipidemia induced by anti-rot
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kidney antiserum (Nihei el al., 200 I). ln addition. it bas been docwncnted that 

supcroxide anion panicipates io tumor necrosis factor-a (TNF-a)-induced mesangial 

cell opoptosis (Moreno-Manzano el al , 2000). Polyphenols may counteract tbis 

mechanism through 11 cytoprotective action of the glon1erular mesnngial cells, exerted 

by a restriction on npoptosis (Kitrunura and lshika,va, 1999). The mechonisms ,vhereby 

lllltioxidants exert such effects arc still unkno,,·n, but their rcnoprotcctivc effects could 

be expected in renal pathologies, such as glomerulosclerosis. II should be noted thot, in 

the case of ,vine, ethanol could olso be involved in glomerulnr protection. In addition 10

the evidence that ocutc ethanol consumption reduces glomcrulnr dnmoge (Cecchin and 

De Marchi, 1996), its rcnoprotcction against oxidative injury may also be postulated on 

the basis of data found in experimental models of chronic ethanol consumption ($coll el

al., 2000; Orellana eJ al., 1998), but the physiological n:lcvance of these findings has 

not been yet established. 

2.S. l.2 Tubulolnterstitial alterntion 

The renal tubular epithelia could be exposed to 1nJunous chen1icnl species ,vhen 

molecules appeM in the urinnry space because of the loss of glomerular permeability 

and selectivity occurring in chronic renal diseases, or b«:causc of their increased plasma 

lc\'cls. Among these macromolecules nre LDL-ox (Ch.:n et al 2000). transition mctols 

(Shnh, 2001; Darrouillct et al., 1999). hemoglobin and n1yoglobin (Zager and Ourkhnrt, 

1997) or potentially nephrotoxic drugs (Bnliga ct al , 1999) LDL-ox may induce a pro­

oxidant environment (Agan,'ll-1 et al.. 1996). In tum. this oxidative stimulus may 

activate he_me-oxygenase. an enzyme that cntnlyzcs the dcgmdauon of the heme groups 

of hemoglobin nnd myoglobin (Zager and Burkhart, 1997). t,,·o hemopigments found in 

the urinary space in numerous glomerulopnthies in ,vhich the glomcrulnr barrier is 

impaired. Subsequently, iron liberation results in lubular production of hydroxyl 

rndicols and lipid peroxidation. 1l1is cytotoxic effect is a11cnun1ed by the administration 

of iron chelators, or by hydroxyl radicnl scavengers (Shah and \Volker, 1988). During 

myoglobinuria, tubular cells sho,v nn increased produc11on or hydrogen peroxide (Zager 

and Burkhart, 1997) and a dromntic drop of reduced glutnthione (GSH) (Abul-Ezz et

aL, 1991). The accumulation of mncrophnges \\'ithin the interstitial space of the reno!

C-Onex plays a pathogenic role in the de\'elopment of tubulnr injury and intcrstitinl 

fibrosis in progressive chronic renal discnses (Vielhnu.:r l!f al. 200 I). Proximal tubular

CJ>ilhclial cells ore thought 10 n1cd1nte the intcrstitinl macrophage infiltration because of 
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ibcir ona1omic position and their nbilily to produce chemotacric cytokines, chemokines, 

and olher inflamma1ory mediators. h ,vas reported Uu1t ROS may induce gene 

expression of these mediators in the 1ubular epithelial cells, rcsulliog in the recruitment 

of leukocytes. Thus, in rennl tubular cells, lhe expression of chemokines, such os 

monocyte chemoat1rac1an1 protein (?vlCP)-1. �ICP-3. macrophage inflammalory 

protein! (MIP-1), and T cell nc1ivation gcoc 3 (fCAJ). precedes the production of 

infiltrates conUlining mooocytes, macrophages and T lymphocy1cs, in experiment.al 

acute tubuJointerstitial nephritis (Ou et al., 1999). In contro.Sl. the effec1 of NF-KB, an 

important modulator of infilllTUnatory responses occurring in 1ubular epi1helial cells, 

can be inhibited by various nntioxidunts. In this context. the quercctio-mediated 

inhibition of NF-KB ,vns nssociated ,vith the reduction of both pro-[intcrleuk.in-113 (IL-

113), TNF-a, MCP-1, and lv!CP-2} and anti-inflammatory (TGF-13) and IL-10 cytokine 

tnmscription in proximal tubulur cells (Kuhlrnnnn el al.. 1998). /11 vitro quercc1in 

prevented cisplatin-induccd cellular injury and upreguln1ion of chemokines in the renal 

cortex (Jones and Shoskes, 2000). Also, pretre.1tmcn1 \\'ith quercctin or curcumin 

resulted in preservation of histological integrity, \\1th a decrease in tubular damage and 

interstitial inflnmma1ion. 11,ese ,vine pol)'phcnols ,,ere associated \\�lh a strong 

1111cnun1ion of the expression of MCP-1 and reguhllcd upon uctivu1ion normal T-ccll 

expressed and secreted (RA.NTES), t,vo chemokincs ac11,n1cd by ischcn1io-rcpcrfusion 

(Shoskcs, 1998). lto,vcver, further studies arc needed 10 de1em1ino: ,vhcthcr the 

adrninislr.ltion of querce1in could aucnuute 1.he chronic upregul:11ion of NF-KB in 

tubulointerstitial diseases In vivo (Rongnn cl al I 999a,b). Ure1erol obstn1c1ion is 

another renal nllerotion \\'here generation of rcnul dt11nagc 1s closely related ,,ith the 

occurrence of oxidative stresS. ROS ma)' play an i1npor1nnt role in the tubuJointer.11i1ial 

ioflo.mmnlion DSsocia1ed \\�th obstruc1he ncphropathy (Klahr, 2001). The mechanical 

disturbance due 10 a complc1e urc1er.il obstruc1ion causes 1ubulor injury rcsuhing in o 

pro-inflammatory and 1ubulointcrtitiol fibrosis (Ricardo nnd Diamond, 1998). The 

antioxidant enzymes CAT and SOD fron1 1ubular cells fron1 the obstruc1cd kidney sho,,· 
o do,\lllrcgulution, ,vhich cuuses increased susccp1ibiti1y of 1he kidney to oxidative:
domage (Cvetkovic et al., t 998). a process cxacerba1cd b) sodium deplelion (Kinter cl

al. 1999). Ahemativcly, angiotensin II (Ang II) ,1lso ploys o pivotal role in 1he

progression of renal diseases, including obs1ruc1i,c ncphropa1hy (Klohr, 1998). 1\ng 11
mediates the activation of 01cmbrnne-bound nico1inomide adenine dinucleotide

Phosphate (NADPH) oxidnse and, subscqucnlly, the generation of supcroxide anion 
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that, in tum, leads to hypertrophy of rcnnl tubular cells (Hannkcn et al.. 1998). ln

addition, upregulntion of the expression ofTGF-� ond 'fNf'.a bet,veen other cytokines 

by Ang II was also reported in obstructive nephropathy. TGF-� is o major C)1okine 

involved in the process of expansion nnd fibrosis of the tubulointertitial space, but its 

expression is inhibited by polyphenols (Shi et al 2004). TNF·O, secreted by renal 

tubular cells, has a role in the recruitment of inOammatory cells to the rennl interstitium 

(Klahr, 200 I). Cnlcium ox.olote urolithiosis constitutes o frequent example of 

obstructive ncphropathy. Together \Vith the pathogenic role of oxalate in the fonnntion 

of stones, it \VUS reported early thot it hns the abilil) to generate free radicals, causing 

lipid pcroxidation. Studies in onimol modt:ls arc in agreement ,vith these data, as sho,vn 

by the association of hyperoxalurio-induced lipid pcroxidation (Thomilselvnn et al.,

1997) accompanied by n diminution ofGSH levels (Muthukumnr and Selvnm. 1998). 

The possibility that the eCfccts of antioxidants ameliorate tubulointertiual domagc has 

been studied in rats and mice using t\\O cxpcrimcntnl models. The nephrotoxicity 

caused by ferric nitrilotriaeetate (Fe-NT A) \\'OS aucnuatcd b)' antioxidants such as O·

tocopherol (Iqbal and Athar, 1998), 2-mcrcaptocthancsulpbonatc. and N-ncetylcysteine 

(Umcmura et al., 1996). Also, gentnmicin-induced ncphrotoxicity ,vns nmcliorated ,vith 

garlic, rich in polyphcnols (Pcdrazo-Chn, crri et al, 2000). 
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Oxidative stress 
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and !he lc,cts of rmopro1cc1ivc effects of polyphcnuh. • sates for ro1cn11al cffccu of polyphcnols 

Alpha G-rutin, a \\1nc polyphcnol that \\Orks � nn nntio,idant in 1·11·0 either by 

scavenging ROS or b) chelating rcrric ions. ser'\ c:d to pre, cnt oxidative renal damage 

in mice: treated ,vith Fe-NT;-\ (Shimoi r1 al 1997) 1\ h)pothcsis 10 c-..plain the 

renoprotcctivc cfTccts of polyphenols agwns. o,1datl\e �In:') is depicted in Figure I 0 
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2.6 PHARl\1ACOLOGIC TREATMENT OF ACUTE KIDNEY CNJURY: 

\VIIY DRUGS HAVEN'T \VORKED ,\ND \VI-IAT IS ON Tl-IE 

HORIZON 

Given the fnilurc of mulliplc phnrma.cc:u1ical agents in lite lberupy of AKI, novel 

agents nrc needed in ,veil-designed clinical Lrials. A number of drugs and 

investigational compounds seem promising in preclinical sludies, and promising 

invcsligntional compounds are used in clinicol trials for n variety of indications (Jo cl

nl., 2007). Some of lilcsc ngcnts nrc sho,vn in Tobie I bcto,v. 

Table I. Emerging Phnrmacological ngents for trea1men1 of AKl" 

Clt!Wthbl:ror 

Cisp.12 inhib1tm 
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Cwnosi� 

1'fltlvirwl 

r ARP inhiluwr 
Srhin&"'-llle I fMFh.tle wlog 
,\JIIT\Olllllt 2A J_;ml.ll

a-MSH
IL-ID
fibutt 

rr AR·y ai;orust 
!.lioo,)"dint 
Adl1·Jttd prol?III ( 
1NOS inhibitur 
lruulin 
Acbl',JlOO prOWUI C 
Ethyl pyru1·�� 
Recombin.int l'l)'IJunroitlin 
�b.,t� gowth l.xlor 
Cumi rronoudt fi'!eJSe wmiwn,i and bilirulnn 
Endolhelin anlapi..<t 
fffllldofWD
ANP 

'A.\1', 111U111X11111EiJc �idf!; iNOS. IJ\doolw nanc oude �- o-'ISH .ilplu·lllflm.�ullllllj\ homlMe, 
PAIi, � A�-fhist f'O)'lll(m.', l'PAl f'«'llt5Cllle f'lol:l.Yltor-.lOml,J rtl."'fl�r 
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Antlapoptosis!Necrosis Agents 

C1sp11c Inhibitors. Caspases are a fam1ly of proteases thnt nre involved in the 

iniliolion and execution phase of apoptosis. Nonselective and selective caspase 

inhibitors arc effective in nttenunting renal injury in ischcmio- or cndotoxemia-induced 

AKI when ndrninlstcred before or at the lime of injury (Daemen et al., 1999; Th,'Dii et

al, 2005; Melnikov et al., 2002). Pnncaspasc inhibi1ors rue in early clinicnl trinls 

(Valentino et al., 2003), and early targets include hcp;ititis C and orthotopic liver 

uunsplnntntion. 

�linocydinc. Nlinocyclines are second-generation tetracycline antibiotics ,vith proven 

human safety data .  Minocycline is known to have nntiapop101ic and nnli-inflammotory 

effects. \Vhen administered 36 h before rennl ischemin. minocyclinc reduced tubular 

cell apoptosis and mitochondrial release of cytochrome c, p53. and bn.x (Kelly et al.,

2004). Furthermore, minocycline reduced kidney inflammation and also nticrovnscuJar 

penncabilily (Sutton et al., 2004). tvlinocyclinc hns been used in clinical trials for 

rheumatoid arthrilis (Tilley et al., 1995) and is undc:rgoing testing in phnse 1/11 clinical 

trials for amyotrophic laternJ sclerosis (Gordon et al. 2004). 

Guaoosinc and Pilithrin-o (p53 ln hit,i1or). GTP sal\'nge by exogenous administration 

of guanosine reduced renal tubular cell npoptosis. an e1Tec1 that \\'llS nssocintc:d ,viih 

inhibition of p53 expression (Kelly et al., 200 I). Pifithrin-11, 11 novel p53 mhibitor, also 

led to decreased tubule cell apoptosis and preserved renal function (Kelly et al. 2003). 

This agent is nearing clinical trials in cancer therapy. 

Poly ADP-Ribose l'olymcrasc inhibitor. Poly ADP-ribose polynternse (PARP) is n 

ubiquitous nuclear enzyme tJ1at panicipatcs 1n DNA repair (Pndanilam, 2003; Chinrugi. 

2002). Paradoxically. excessive acth:uion of PARP from ccllulnr injury leads 10 

intracclJulnr NAO+ and 10 ATP depletion, uhimntely resulting in coll death. PARP 

overactivation has been kn0\\'11 to piny a role in the pathogenesis of 

ischemiatrcperfusion injury to kidney, heart, and brain (Chatterjee et al,, 2004; 

Tbicmcrmann et al., 1997; Zingarelli et al., 1997). Inhibition of PARP immediately at 

"J)crfusion reduced injury PARP inhibitors ore in clinical trials for brenst cancer 

<Phase I) and cardiac rcperfusion injury (phose 11) 
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Free Radical Scavengers 

Deferoxamlne. A key early feature of AKI is lhe generation of reactive oxygen species. 

The iron chelator deferoxamine is a \\tidely knO\\'TI free radical scavenger. In se\•ero.l 

models of AKI, dcferoxaminc ,vas proved effective (\Volker and Shah, 1988; \Valker 

and Shah, 1990; Baliga et al.. 1998; Baliga et al., 1999). The protective effect of 

deferoxan1ine in various models suggests the ccntrnl role of free radiet1ls in AKI. 

Studies in AKI are plarmed to test the efficacy of iron chelation. 

Antisepsis 

Ethyl Pyruvatc. Pyruvote bns been kno,vn as a potent endogenous antioxidant and free 

radical scavenger, and its derivative, ethyl pyruvatc, proved to be effective in  reducing 

mortality in animal models of lethal hemorrhagic shock and S) stemic inflnmrnalion 

caused by endotoxemio or sepsis (Ulloa et al., 2002). In addition 10 an effect on 

mortality, ethyl pyruvate reduced kidney injury using lhc technique cecal ligation 

puncture os a model of sepsis (Miyaji et al, 2003). Ethyl pyruvatc is a ,vidcly used food 

additive and hos been shown to be safe in phase I clinical trials. It no,v is being rested in 

a phase n trial in patients ,vho undergo cnrdiopuhnonory bypass surgery. 

Activated Protein C. Activated protein C (�\PC) is a ph)siologic anticoagulant that i s  

gcoenucd by thrombin-thron1bornodulin co,nplex in endothelinl cells. In addition ro its 

effect oo coagulation, APC hos been shO\Yll to have anti-inflammatory, antiapoptotic 

effects (Grey et al., 1994; Grey et al., 1993). APC also nllcnuated renal !RI by 

inhibiting leukocyte octivotion (lvlizutnni ct al., 2000). APC is approved by the rood 

and Drug Adminislnltioo for treating patients ,vho l10vc severe sepsis and on Acute 

Physiology, Age, Chronic Health Evnluntion (APACl-lE) score of25 or higher. 

Insulin. Insulin resistance and hyperglycemia arc con1n1on in critically ill patients, and 

intensive insulin tJ1empy tJ1a1 targeted blood glucose level bet,veen 80 and 110 mg/di 

reduced the incidence of AKJ that required dialysis or hemofiltration (van den Bcrghc 

tt al., 2001). The relationship of hyperglycemia nnd adverse outcome in critically ill

patients with AKI also was observed recently in o subgroup analysis of the PICARD

study (Basi et al., 2005). The 1nechonis1n for clinical benefit may relate to the dosage of

insulin as opposed to glycemic control (Langouche ct al. 2005). Endothelial 

d)·sfuoction and subsequent hypercongulotion and d)·slipidemia, commonly observed in
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Frte Radical Scavengers 

Drfero11mlne. A key early feature of t\KJ is  the generation of reactive oxygen species. 

The iron chelator deferoxamine is  a ,,idt:I) kno,vn free radical sc.ivenger. In several 
models of AKl, defcroxnmine ,vas proved elJcctivc (\Valkcr nnd Shah, 1988; \VaJker 
and Shah, 1990; Baliga et al., 1998; Baliga et al., 1999). TI1e protective effect of 
deferoxamine in various models suggests the ccnlf31 role of free radicals in AKI. 
Studies in AKI are planned to lest the efficacy of iron chelation. 

Antisepsis 

Ethyl Pynn•ate. Pyruvate has been kno,vn as a potent endogenous antioxidant and free 
radical scavenger, and its derivative, cU1yl pyruvatc, proved to be effective in reducing 
mortality in animnl models of lethal hcn1orrhagic shock and systemic infianunation 
caused by cndotol(_cmia or sepsis (Ulloa et al. 2002). ln addition to an effect on 
mortality, ethyl pyruvate reduced kidney injury using the technique cecal ligation 
puncture as a model of sepsis (Miynji et al., 2003). Ethyl pyruvatc is o ,videly used food 
additive and has been sho,vn to be safe 1n phase I clinical trials. It no,v is being tested in 
a phase TT trial in patients ,vho undergo cardiopulmonnry bypass surgery. 

Acth•atcd Protein C. Activated protein C (t\PC) 1s a physiologic anticoagulant that is 
generated by thrombin-thrombomodulin con1plex in endothelial cells. In addition to its 
effect on coagulation, APC has been sh0\\11 to ha"c anli-inflamn1atol), antiapoptotic 
effects (Grey et al., 1994; Grey et al., 1993). 1-\PC also attenuated renal !RI by 
inhibiting leukocyte activation (1'1izuto.ni et al., 2000), APC is approved by the Food 
and Drug Ad.ministration for treating patients ,vho have severe sepsis and an Acute 
Physiology, Age, Chronic Health Evaluation (APACllE) score of25 or higher. 

Insulin. Insulin resistance and hyperglycen1ia are con1111on in critically ill p:itients, and 
intensive insulin therapy that Lnrgeted blood glucose level bet,veen 80 and 110 n1g/dl 
reduced the incidence of AKI that required dialysis or hcmoliltration (van den Bcrghc 
et al, 2001), The relationship of hypcrglyccn1ia and adverse outcome in criticnlly ill 
patients with AKI also ,vns observed recently in n subgroup analysis of the PICARD 
study (Basi et al., 2005). The mechanis1n for clinical benefit n1ny rc:latc to the dosage of
insutio as opposed 10 glycemic control (L.lngouche t•t al., 200S), Endothelial
dysfunction and subsequent hypercoagulntion and dyslipidcn1ia, con1monly observed in
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critically ill patients, arc corrected panially by insulin independent of ilS blood glucose­

lowering effect (Langouche ct al., 2005; Mc:>Olh:n er al., 2004). Ho\vevcr, despite these 

promising results, the effect of intensive insulin treatn1en1 in tl1c selling of AKJ hns not 

been tested and needs 10 be confirmed in appropriately po\\'crcd, randomized, clinical 

trials 

Growth Factors 

Recombinant Erythropoictin. Erythropoietin hns been sho\vn 10 have anti­

innammatory and antinpoptotic effects in ischcmic br.un damage, spinal cord injury, 

and retinal do.mnge (Celik ct al., 2002). Exogenously administered erythropoictrn 

before or at the Lime of reperfusion reduced kidney injury by reducing tubular necrosis 

and apoptosis (Ynng er al., 2003; Vesey er al., 2004; Sharples c/ al., 2004). It enhanced 

tubular prolifcm1ion in cisplatin-induced AKI (Vaziri ct al., 1994) nnd also mediated 

mobilization and proliferation of endothelial progenitor cells fron1 the bone marro\V that 

has been sho\vn to pnnicipnte in tissue repair (Pat�chan et lll. 2006; Bahlmann el al ..

2003). Clinical use of recombinant crytltropoictin should facilitate 1rnnslntion to human 

PKJ. 

Hcpalocytc Grol\•lh Factor. Hepntocyte gro\,tl1 factor (BGF) can promote cell 

growth, motility, and morphogenesis of various types of cells (Nakamura el lll., 1989; 

Gobda tt al., 1988). Renal expression of I LGF' and its receptor. c-n1et, increases nfler 

lRI, and exogenous ndministrntion of HGF reduces n:nal injury and accelerates renal 

regeneration in a murinc model of AKI (Liu el ,,I, 1999; Rnbkin e1 al. 2001: Ka\\'3.ida 

tt al. 1994). The mechanism of protection is Lhoughl 10 involve a decrease in 

leukocyte-endothelial interaction wilh reduced inflan1n1n1ion and also a decrease in 
tubular cell epop1osis (Mizuno and Nakamura, 2005). Currently. phase 1/IJ study of
recombinant human HGF in fuJrninnnt hep:iuc failure patients and another phase n

study of HGF via plasmid vector in patients \\1th critical limb ischcmin and peripheral 
ischcmic ulcer are under \\'ily, Experience in these clinical trials niny shed light on
human AKJ. 
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Vasodilators 

Carbon Monoxide Release Compounds and BiUrul>in. Inn seminal study, Nath et al.

(Nath et al., 1992) found that heme oxygenase (HO) induction played n central role in 

limiting the extent of myoglobin-induced AKI HO activity lends 10 Ute production of 

carbon monoxide (CO) and a potent antioxidant, bilirub1n, and it is thought that the 

protective effect of 110 nctivotion is through these fi1ctors (Nath et al., 1992; Sikorski et

al., 2004). ln renaJ ischemia/reperfusion injul) (I RJ) ndministrotion of CO donor 

compounds lricarbonyldichlororutheniun1(1l) di,ner ([Ru(C0)3Cl2]2) or 

tricarbonylchloro(glycinato)rutbcnium(ll} ((Ru(CO))Cl(glycinate)] I hour before the 

onset of ischemia significantly decreased the levels or plasma creatinine 24 hours ofter 

rcperfusion as compared ,vith vehicle-treated mice (Vero et al., 2005). This suggests 

ihal CO itself may be protective and limit renal damage in 1schemia-induced AKI (Vera 

et al., 2005). Bilirubin also has been sho\vn to reduce kidney injury from !RI (Adin et

al.. 2005), nnd ,vhcn biliverdin and CO arc used in contbination, they are synergistic in 

improving heart nJlogroft survival (Nakno et al 2005). 

Eodotbclin Antagonist. A potent \3Soconstrictor, endothelin-1 (ET-I), has been 

implicated to play imponant roles in onintnl models of AKJ or mdiocontro.st 

ncphropathy (Birck et al., 1998; lleyanan et al. 1992). CT-I mediates its biologic 

effects by binding to ET A or ETB receptors. In rot kidney. ET A receptor stimulation is 

kno\\11 to mediate vasoconstriction. "'h�rcn$ ETD receptor ncti \'tttion also can mediate 

vasodilation by generation of nitric oxide and prostacyclin (Goto et al. 1996; &hYOrds 

ti al., 1993). In addition, ET-I can stintulate the cxprc�s1011 of 11dhesion n1olecules and 

the production of cytokines from monocytes :ind neutrophils, suggesting the possible 

role of ET-I in inflammation in AK.I (Ha)'nsnki el 11/., 1996). Several studies 

dcmonstrnted the beneficinl effect of sclecth-e ETA or nonselective endothelin receptor 

antagonist in iscbcmic AKI, but the mllJOr lim11nuon of those studies is that endothelin 
receptor anmgonist \Yas administered before injury. Administration of the drug at later
lime point during the reperfusion \VOS inefTccttve HO\\CVcr, \Vilhclm et al. (2001)

rcccruJy showed that tewsertan, a dUlll ET-I rcccptor antagonist, auenuntcd renal injury 
C\'en when administered after ischcmio. 
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Anll-lnjlamma1or}' Drugs

Inflammatory cells, including polyn1orphonuclear cells, n1onocytes, macrophages, and 

T cells, have received considcrable attention as imponnnt contributors to ischemic

acute renal failure. Several ne\V compounds seem to be effective in reducing injury 

from ischcrnin-repcrfusion through direct action on leukocytes. 

SpbiDgoslnc I Phospbutc An11logs. Sphingosine I phosphate (SIP) is n specific ligand 

for a family o f  G protein-coupled endothelial diffcrcn11alion gene receptors (SIPR I 

through 5) that evoke diverse cellular signaling responses. SI PR regulate different 

biologic processes depending on their pattern or expression and the diverse G proteins 

presenl. S 1 P binds to receptors or acts ns a second ,nessenger 10 stimulate cell swvivnl, 

inhibit cell opoptosis, and inhibit cell adhesion and n1ovc1ncnt (Spiegel and MiJslico, 

2003). An SIP annlog, FTY720, nets as no ogonist ot four SI PR, ,vhich lend to 

sequestration of lymphocytes in sccoodnry lyn1phntic thsue (l)rinkmnon el al .. 2002). 

In studies of kidney [RJ, FTY720 or sirnilar con1pounds produced lymphopenia and 

renal tissue protection (A,vad el ol., 2006; Lien ct "' 2006). \Vith discovery of ne,\· 

SIP analogs, more potent and selecti\'e agents ,,ill be 3\ailnblc for preclinical and 

clinical studies (Foss et nl., 2005). Recently, in a phase II study, FTY720 reduced the 

number of lesions that ,ven: detected on n1ngne1ic n:�onancc imaging nnd clinical 

disease activity in patients ,,rith multiple sclerosis ( Knppos et al 2006). 

A2A Agooists and Other .Adenosinc Anulogs. Ado:11os1nt: binds to rc:ccp1ors. ,vhich 

arc members of the G protein-coupled receptor f111nily thnt includi.:.s four subtypc:s: A I ,  
A2A, A2B, and A3Rs (Linden, 2001). Seh:c1ivc ncti\'ation of  A2ARs reduces 

parenchymal injury in oorucnnl tissue, including heart, liver, spinal cord, lung, and 

brain (Jordan et al., 1991; Lasley nnd �tentzcr, 2001: Day cl n/., 2004). The selective 
A2AR ogonist ATL146c is highly protective nga1ns1 IRJ of kidney and reduces injury
by 70 to 80% (Day et al .. 2003, Okuso et al 1999. L, and Okusn, 2006). After

administration either before or 1n1n,ediately at the onset of rcpcrfusion, A TL 146c nlonc 
or in combination with O phosphodiesterase inhibitor reduced renal injury (Okusa et al.,

2001). ATLl46e is  in human clinical studies for cnrdinc i1nogi11g, nnd current efforts 

arc directed toward human clinical studies in 1\KI Additional studies den1onstrate that 
strategics that use A I ogonists or A3 blockers 111ay be eITecti\e in AKI (Lee l!t al,
2003; 

Lee"' al., 2004).
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Inducible Nitric Oxide Synth11sc Inhibitors. The role of nitric oxide (NO) and nitric

oxide s)nthascs (NOS) has been studied extensively. Both in vi,•o nnd i11 ,•itro studies

point toward the in1portant role of inducible NOS in mediating injury to proximal 

tubules (Noiri et of., 1996). A nonselective NOS inhibitor (N"-methyl-L-arginine) has

been studied in a phase lfl clinical trial in septic patients (Cobb, 1999). This study ,vas

stopped prematurely by the data safety monitoring board because of nn excess of 

mortality in the N"-mclhyl-L-arginine group. More selective inducible NOS inhibitors 

nre currently used in human investigation for n variety of indications. 

llibnatcs. Pcroxisome proliferotor-activated receptors (PPAR) ore transeription factors 

!hot regulate glucose nnd lipid mcUlbolism. Receni studies indicated that PPAR piny an

important role in inllornn1ntion and immunity (Dnynes and Jones, 2002) Pretre:ument 

of animals ,vith fibrates (PPAR-a ligand) nmcliorotcd cisplntin-induced renal 

dysfunction, and this ,vas accompanied by suppression of NF-KB octi\'ution. 

cytokinc/cheruokine expression, nnd neutrophil infiltration, suggesting that the 

protective effect of fibrotcs is mediated through its nnti-inllammatory clTcct (Li ct al, 

2005). 

Other Compounds. Neutrophil gclotinos(.--associotcd lipocalin (�lishro et al., 2004), 

!L-6 and CSa anuigonists (Riedemnnn et al .. 2003), IL-10 (Deng et al., 2001), and a·

melonocytc>-Slimuloting hormone (Chino et al.. 1997) ore other potential compounds

that have multiple mechanisms of tissue protection and mny be beneficial in hum:in

AKJ. 
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2.7 SOYBEAN (G/yci11e 111ax (L.) Mcrr.) 

Flnvonoids continue to dro,v ,vide aucntion as possible very useful therapeutic 

agents for combating "free radical pathologies" i.e. the pathologic states associated ,vith 

free rodico.l overproduction (inflammation, ischemia/reperfusion, environment­

associated disease, etc.) (Afanas'ev el al., 1995). The role of dietruy flavonoids in the

prcrcntion of several chronic di senses is the subject of intense research interest and the 

!,OY isoOavones have been the focus of particular auention {Nlcssina e, al .. 1994; Knight

and Eden, 1996; Hertog et al., 1993). 

Until about 15 years ngo. there ,vas very little soy in the ,vestem diet (Gobloitz, 

1995). No,v, science continues to prove ho,v and ,vhy the properties of soy ore so 

csscntiol for preventing causes and conditions including: LDL cholesterol and 

atl1crosclcrosis; tumor gro,vth and concer, and osteoporosis. 

Approxin1atcly ten percent of the Japanese diet consists of soy protein 

(Hawryle\\�CZ et al .. 1995). Along ,vith the Chinese, the Japanese have significantly 

to,rer rotes of breast, colon and prostate cancer (Persky and Von Hom. I 995). In the 

eMtern \\'Orld, much more soy is utilized for medicinal and food properties nnd these 

statistics sbo,v ,vbat an wnnzing difference it n1akcs in overall health. Soy is lo"' in 

saturated fnts. is cholesterol-free and, unlike anin1al proteins. soy docs not cause any 

stress on the kidneys (Messina, 1995). 

\\'hat makes this bean so wnnzingly po,verful? Protein composes 36% of 

soybean. Soy protein contains an1ino acids, isoOavones, snponins, phytic acid. trypsin 

inhibitors and fiber. ,vhich ,vork syncrgistically. Soybeans are a rich source of saponins, 

which reveal in clinical studies chemoprcvcn tivc properties and depression of tumor 

cells. The saponins and trypsin inhibitors bind ,vi1h bile ncicls (tumor pron1otcrs) and 

nlso nffect tlic gI0\\1h of tumor cells by deforming them. The fiber regulntes lipids. 

Some cancer cells contain cholesterol, '"hich soy binds to nnd destroys. Ph)1ic ncid is a 

natural chelator of iron, calcium, zinc and mognesiu1n in the gut. Compounded ,vith 

Oo11man-Birk Inhibitor (BBi) n protease inhibitor, and 13cta-sitostcrol, phytic acid hos 

shown suppression of benign and malignant tumors in colon, liver, oml nod lung 

cancer. Soy proteins hove been tested in a vnriety of studies, inhibiting lumor gro"1h in 

aoilI1111 subjects. 
Oc:nistcin has been in the spotlight of recent research since its discovery in 

1987. h \lolS originall)' considered a "phytocstrogcn" until other non-estrogenic
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properties ,vere identified. Then: hnve lx:1:n no side effects or toxicity reported ,,ith 

high doses of genistein in vivo. One of the identification of genistein is as a tyrosine 

kin:ise inhibitor (TKJ). Resc.irchers of this nnturnl TKJ auribute the dmmatically IO\\"er 

incidence of breast and prostate cruicer in Southeast Asian populations to its anti-cancer 

properties. (Bnmes er al .• 1995). Independent studies have sho,vn th at the isoOavones 
gcnislcin ond daidzein inhibited the gro,vth of tumors in breast cancer cells {KeMed)•, 

1995). Genistcin also hos biological antioxido.ot properties. In a recent study, laboratory 
mice ,,·ere fed genistein for 30 days and there ,vas an increase in antioxidant enzymes 
in their organ.s. This increase of antioxidant enzyme activity may contribute to the 
chcmoprcvcnti\!c properties of genistein (Cai ond \Vei, 1996). There are a number of 
studies still being conducted on the role genistein ploys in cancer prevention and 
inhibition. 

\\1hen diets use soy protein over animal. the results arc amazing on ho,v the SO)

significantly lo,vcr LDL cholesterol readings. Historically. this con1parison ,,-as done in 
laboratory rabbits, then on humans and no,v in larger, controlled studies. The most 
recent findings show U10t adding soy protein to a high cholesterol diet grea tly reduced 
LDL cholesterol lcvcls (Carroll er al., 1995). In studies conducted on children ,\lith high 
cholesterol, soy reduced cholesterol level by 20¾ (Sirtori et al., 1995). Researchers 
believe that soy protein could possibly act in a fe"' different ,,11ys to lo\\·er cholesterol. 
One is "hepatic metabolism", ,vhich is ,vhen soy assists the receptor cells in the liver 
that binds LDL cholesterol (Potter, 1995). Soy alters hormone concenlrations of insulin, 
glucagon and thyroxine, "'l1ich ore also responsible for lov,ering LDL (FofS)thc. 1995). 

The cholesterol 10,\'c.:ring properties of soy nlso protc:ct against atherosclerosis. 
LDL cholesterol is responsible for thrombosis. 11 condition in ,vhich plaque fom1s in a 
<bmnged ortery or other path\\"aY (\Vilcox and Blumenthal, 1995). Documenuuion has 
shown that genistein depresses the n:production of cells that adhere to artery "·alls and 
cause lesion formation (Raines and Ross, 1995). Evidence is consistent that SO)' has the 
potential to reform atherosclerosis by reduction of cholesterol levels, thrombosis and 
tyrosine kinase activity (Wilcox ond Blumenthal, 1995). 

There are many advantages to supplementing soy lo the human diet. 
lntem:11io!llll diet trends and soy resl!arch continually sho,v the remarkable benefits of
its properties. Further studies are being conducted about its effect on renal discnsc to
sho,v bo,v soy can protect the body from comn1on threats of degenemti,e conditions, 
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2.7.1 tsonavone content of soy fooru

Not oil soy foods ore necessarily equivalent ond investigators are \\-amcd to 

carefully dctcnnine the isoflavone content of the product tJ1ey moy be using in on 

animnl experiment or in a human clinical trial. This moy be an additional source of the 

,'3riotion of response 10 soy in the animal experiments. 

In studies carried out by Co,vard et al (1993}, i t  '''US sho\VO dull soy flours 

contain oil tile isoflovoncs lhnt ,verc present in the \Vholc soybean. The totol isoflavooe 

content is the same irrespective of the heating used in the manufacture of the soy flour. 

Full-fot soy milk and tofu have isoflnvone concen1ra1ions (expressed as dry ,veighl or 

rcln1ivc 10 protein content) similar to that in soy flour. The isoflnvone content of soy 

protein eooccntrotcs depends on the \VUShing medium used 10 prepare them from soy 

nour. \Vater or acid-,vnshing docs 1101 oiler the isoflnvonc content; ho,,cver. o.lcobol­

water mL1tures substantially reduce ii. lsolotcd soy proteins hove generally lo\\er 

isoOavone content: ho,vever, some ne,ver preparations have an isoflovone content that 

approaches lhnl of soy flour or soy protein concentrate. "Lite" versions of soy milk and 

tofu, which nrc based on isolated soy protein, hnvc lo,,·er isoflnvone concenuations 

than their full-fat counlcrpnrts. 

Although most investigators have reported thnt isoflavoncs are largely P­

glucoside conjugates in soy foods. ne,v evidence indicates that the conjugated fom1 of 

each isoOnvone in the hypocotyl and cotyledon is the 6''-0-mo.loaylglucoside (Kudou e/ 

al., 1991). Cowurd et al. (1993) also examined a ,vide range of unfcnncnted soy foods 

and shO\\'Cd lhot the 6" -0-molooylglucosides nre the principal fonn in each type, ,vith 

the exception of full-fot soy milk and tofu that contain only the P-glucosides. Henting 
ft • • 

causes soy flours to contain inere:ising amounts of 6 - 0 -occtylglucos,de COnJugntcs 

(Barnes ti al., 1994). Tite relative bioovoilnbility and the sites of absorption of the 6"-

0-ncctylglucosides, the 6''-0-mo.lonylglucosidcs, the P-glucosidcs and d1c free 
aglycones ere unkno,vn at the present time. It is likely that the aglyeones arc absorbed 
in the upper small bov,el, os ore mnny drug compounds of a similar s1n1cture. 1l1e P­
glucosides ore excellent substrates for p-glucosidascs and \\'Ould be expected 10 be 
absorbed in lhc smoll bo,vel. The modified acetyl- and molonylglucosides may be

sufficiently poor substrates for enzyme hydrolysis (Fnnnnkolidis and Murphy. 1985) 
that they \\ould be absorbed fro1n the large bo,vcl oner hydrolysis induced by bnctcrinl
CllZymcs. 
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l.7.2 Concrntnation of isoflavoncs at ccllulnr targets

It is important for the evaluation of the significance of Ilic cell culture studies to 

1mo,v the concentrations of isoflavones that normal cells and tumor cells are exposed to 

in indh'iduals consun1ing o soy-conlllining diet .. Adlcrcrcutz el al. (1993) \\'ere able 10

report plasma total genistein concenlrations as high as 0.1 µmol/L in some vegetarian 

\\'Omen by using reverse isotope dilution gas chromatography-mass spectrometry. 

Adlertrcutz el al. (1995) nod Setchell (unpublished observations, 1994) hove suggested 

tb:it the plasma le,•el of gcnistein in people on a high-soy-containing diet ,vas 1-4 

µmol/L Limillltions in the existing analytical n1ethods remain to be resolved. 1l1ese 

include not only lhe measurement technique, but also the protocols for the e.xtroctioo of 

genistcin (and other isoflavones) from plasma. 

Nonetheless. reasonable estimates for the plosn1a level of genistein can be 

inferred from consideration of dietary intake and rates of metabolism nod excretion. A 

person consuming 35 g/d of soybeans (the average runount consumed by Tahvancsc) 

(Soyntech Survey and Estimates, 1991) has an intake of approximately SO 11g (185 

µmol) of genistcin (mostly in the conjugated form). l'v!aximum plasma le,•els (23 

µmol/1) would be attained if genistein ,\·ere fully absorbed from the diet, confined 10

the blood compartment (approximately 8 L) and not metabolized or excreted. In reality, 

none of these conditions apply. Genistein, being relatively hydrophobic, ,vill be taken 

up b) cells. Previous studies on the tissue distribution of daidzcin (Yueh and Chu, 

1977) sho\\-ed that in most tissues it is in similar concentrations to those in blood. 

Therefore, if one assumes t.hnt genistcin equilibrates \\ ith total bod) ,voter (56 L), the 

equilibrium plasma cooccnLrotion ,vould be 3.3 µmol/1. Because there is no evidence 

Uull genistein has an extended half-life in the body, the efTects of calT)'Ov(r from day 10

day are expected to be minimal. Dascd on these above estim111es, gcnislein ''"ould ha\'c 

less than a 20% inhibitor)' effect on ccllulo.r processes ,vith IC,o vnlues of greater than 

13.2 µmol/1 (5 µg/mL). 

2.7.3 Soybean co11stituenls lmo,vn to hnve nntic.nrcinogcnic oclivity

TI1crc on: only a fc\V soybean constiLuenlS that have been studied in a pure form 

and ha\C been shown 10 significantly suppress carcinogenesis in nnin,als. The rc,v 

SO)bean-dcrived agenlS that hove been studied in n pure form in animal carcinogenesis 

assay systems include Bowman-Birk inhibitor (1381) (a protease inhibitor), inositol 

hexophosphate (phyuc ncid), �-sitosterol (n soybcnn-derived sterol}, 
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11 has been observed thnt the protease inhibitor, the Bo,vman-Birk inhibitor 

(BBi), is the compound in soybeans that h1ls sho,vn the greatest suppression of

carcinogenesis in animnl carcinogenesis assays. Experiments hove shO\\'Tl thot 8B1 can 

completely prevent colon carcinogenesis ( I 00% suppression) and suppress 

cartinogcncsis in the liver by 71 %. in the oral epithelium by 86%, nnd in the lung by 

48¾ (St Clair et al .. 1990n; Kennedy et al .. 1993n and \Vitsch.i and Kennedy, 1989). 

The ability of BBi to suppress carcinogenesis in the various systems studied far exceeds 

the ability of other soybean-derived compounds to affect carcnogenesis. TvJo other 

compounds in soybeans have aJso been sho,vn to suppress carcinogenesis in animals: 

ph}tic acid nnd P-sitosterol. Phytic acid (inositol hcxophosphote) ,vns observed in one 

experiment 10 suppress colon tumorigenesis by 2.5% (Sharnusuddin et al.. 1989). ln 

other experiment in "'hich the suppression of colon carcinogenesis by phytic acid ,vas 

studied, nil of the animals in I.be experin1entS developed colon tumors and phytic acid 

reduced the number of tumors per animal by 27-36% (Shamsuddin et al .• 1988; 

Shamsuddin and Ulah, 1989). 

In the single experiment in which ph)'tic acid reduced the pcrccntogc of nnimnls 

bearing tumors, the suppression of carcinogenesis \\'US accompanied by ,\-eight loss 

(Shamsuddin er aL, 1989). In the single experiment in ,vhich t.hc soybean stcrol, P·

sitostcrol, ,vns ass:iyed for itS ability 10 suppress colon carcinogenesis. it \\'D.S able to 

!!duce the total number of benign and mnlignant tumors by 39% (Raicht er al.. 1980). 

In tins same experiment, ho\',ever, jl-sitosterol led to more aninlal (a 50"/o increase) 

bearing malign.ant colon tumors. 

2.7.4 Potential adverse effect rron1 dietary soybcnn-dcrivcd protease inhibitors 

There bas been concern that high levels of soybean protease inhibitors in the 

diet could cause adverse health effects (Kennedy, 1993a). One potential deleterious 

effect "idely attributed to the soybean protC.'.lSC inhibitors hos been a suppressive effect 

on the growth and "eight of young animnl (Birk. I 993: Kennedy, 1993a). Although the 

soybean protease inhibitors do apparently contribute o bit to gfO\\'lh depression in 
)oung animals (Knknde er al .. 1973), the major soybean-produced gro,vth-suppressivc 
effects cannot be attributed to the protease inhibitors (Birk, 1993). The major henlth
concern .. ho"cver. has been 1h01 the soybean protease inhibitors could contribute to

J)anCTe:ltic cancer development ,vhile suppressing carcinogenesis in other organ S}Sterns 

lKtnncdy, 1993a). High levels of soybean produclS in the diet or rots arc nssocioted 
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\,ith pancreatic h> perplasia and hypertrophy, ,vilh o fe,,• rats fed such high level of

SO) bean products for long periods of time developing pancreatic cancer (McGuincss et

al 1984; Morgan. 1987). Although some investigators have attributed this effect 10 lhe 

protease inhibitors in soybeans, the evidence for this is nol clear (Kennedy, 19930). 

It is likely that much of the enhancing effect of soybeans on pancreatic 

carcinogenesis is due to soybean fot, becouse most studies ottributing effect on the 

pancreas to protease inhibitors have had significant levels of soybean fat present in the 

prep:uations of soybean products used. Much of the evidence implicating protease 

inhibitors in the observed effects comes from studies using \Vist.ar rats and full-fat soy 

flour \\ ith approximately 20g/l OOg polyunsaturated soybean fut (McGuiness ct al.,

1980; I', tcGuincss er al.. 1984). Conclusions about the effect of protease inhibitors on 

1he pancreas cannot be dra\\11 fron, such studies. Although the soybean-derived 

protease inhibitors ,vere present in the diets, the evidence implicating them is 

cirtumstnntinl and the effects could have been produced by other soybean-derived 

compounds. The high levels of polyunsnturnted fnl are a reasonable candidate for this 

because unsaturated fat promotes carcinogenesis in the rot pancreas (Roebuck et al.,

1987). The evidence provided by the USD1\ trypsin inhibitor (fl) study is also 

problematic because protease inhibitors ,vcre not studied in a pure fonn (Gumbmann et 

al. 1985). Further, the data from this study do not support the notion the Tis cause 

P311cre:uie cancer in \ViSt.ar rats for the follo,,-ing reasons: 

I. No c:incer ,,ns observed in 1he study- only pancreatic adcnoma, o benign,

prolifennh c lesion.

2. There is no dose-response relationship bet\veen TI intake and the: incidence of

adcnomas. In the control group (0 Tl), 1/104 (adenomos) occurred, "hich is not

statistically different from 0/107, 3/109 or 2/102 (results representing increasing

TI dieltlr)' levels up to approximately 300mg/100g of the diet) by slllnda.rd

Sllltisticnl analyses. If there is a clear dose-response rela1ionship, one should

observe statisticnlJy significont differences bct,,ccn these treatment group in the

study, at approximately 600msfl00 g of 1hc dicl (577 mg Tl per 100 g diet),

appear to represent a statistically significant result, with 13/1 OS rnts developing

p:111creatic ndenomos in this treatment group "ith TI at approximn1cly 600

mg/100 g of the diet.
3. C,cn if there ,vns o clear dosc-rC5J>Onsc reln1ionship bctv,een TI intake and

incidence of ndcnomas, this is nol convincing C\'1dcncc that protease inhibitors
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cause pancreatic cancer. Protease inhibitors have been dernonstratcd to be 

clearly n.ssocioted \Vith increased gro\vth in the rat pancreas, leading to 

hypertrophy nnd hyperplasia (Kennedy, 1993a), but it is not ot oll clear \vhether 

hypertrophy and hyperplasia are related to cancer development in the pancreas. 

There ore species that have these pancreatic lesions and do not get cancer and 

other species that have reduced cancer rotes in the pancreas even though they 

have pancreatic hypertrophy and hyperplasia. Thus, hypertrophy and 

hyperplasia are clearly separable phenomena from the development of cancer in 

the pancreas (Birk, 1993; Kennedy, J 993a). As discussed above, there is only 

one treatment group in the USDA ' f l  study thnt shO\\'S a statistically significant 

diffen:nce in the pancreatic adenoma incidence from the control group; and this 

group represents a dietary addition of Tl at approximately 600mg/l 00 g of the 

diet, an exceptionally high level. It is expected 1h01 o dietary concentmtion of 

100-10 mg/100 g of BBi ,viii be effective for prevention of human cancer

(Kennedy et al., 19930.. Kennedy. 1993c; Kennedy, 1993d). At  a level of 100 

mg/JOO g in the diet, there is clearly not a significnnt eOcct of Tl in the USDA 

TI study. In fact, if there is an effect at all, it is in a do,vtl\vard direction (i.e .. 

,\ith the number of animals bearing pancreatic adenomns decreasing ,vith Tl 

dietnry supplcmentntion). The results for pancreatic adenoma incidence at I 00 

mf/ IOOg of the diet (93 mg TVlOO g diet) are 0/107 vs. the control incidence of 

1/104. 

There an: a fe,, other studies suggesting that at ver; high level. preparations of 

SO} bean protease inhibitors studied along \Vith Lhe soybean fat moy contribute 10 Lhe 

de\·elopment of rat pancreatic adenoma. All of these studies have used a particular 

model system: 1W1SCrine-induced pancreatic carcinogenesis in rots. These studies have 

suggested that soybean conccnt.r.1tes enriched in protease inhibitor activity can oct ns o 

promoter of ai.aserinc-induccd rot pancreatic carcinogenesis (l\1)crs et of .• 1991; 

Roebuck et of., 1987). 11,is effect can be observed onl} at high concentrations of SO) Tl 

(e.g., diets c-0ntaining 3. 7¾ soybean Tl conccn1n1te) (�lyers er of., I 991 ). Even such 

excepuonally high concentrations of soybean Tl concentrate did not initiate pnncreatic 

carcinogenesis (Myers et al., I 991 ). Similarly. soybean Tl Cllllnot initiate pancreatic 

t.1rt1nogencsis but can only promote nzascrinc-induccd pancreatic carcinogenesis in 

rats (Roebuck et al .• 1987). Other investigators concluded that \\hole soybean products 
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do not initiate pancreatic carcinogenesis but instead can act as a promoter of multistage 

nu pancreatic carcinogenesis (McGuiness et al., 1984). 

l11c a7.ascrinc-induccd rot pancreatic carcinogenesis system is on unusual 

S)stcm lending to n type of pancreatic cancer, acinar cell neoplasms, ,vhich rarely 

occurs in hun1nn pancreatic cancer development This type of pancrea1ic cancer is 

observed in 4% ofnun1an pancreatic cancer (Pour. 1991). The common type of human 

pancreatic cancer is of ductal or ductular origin: ductal neoplasm occounl for 90% of 

hwnon pancreatic cancer (Pour, 1991). Many modifying agents for carcinogenesis have 

opposite effect on the t,vo types of pancreatic cancer development (i.e., azaserine­

induced acinar cell pancreatic ncoplasn1s in rots and nilrosrunine-induced neoplasms of 

ductnl origin in hamsters) (Pour, 1991). One cxnn1plc of such opposing effect involves 

soynour treatment. Ra,v SO) nour di etary additions contnining a high lc,·el of soy Tl 

activity lead to highly significant reductions in the levels of experimentally induced 

pancreatic carcinogenesis in hamsters (Hasdai n.nd Liener, 1985; Liener and Hasdai 

1986: Pcrmcrt, 1993; Pour. 1991). 

In studies such as those cited above. the soybenn fnt has been studi ed along ,,<ith 

the soybean protease inhibitors, so that all conclusions about the effects of  protease 

inhibitors in the rat model system arc problematic. There appears to be only one study 

in ,,'bich the soybean products have been defaucd (Gumbn1ann et al.. 1985). Although 

it was still an impure soybean preparation being studied, lhc Tl preparation used ,vas 

dcfotted and lo,,·-molccular-,,-eigbt compounds ,verc removed. This is believed to be 

impolllUlt because lo,v-molecular-,veight compounds in soybeans arc thought to mask 

the Wlticarcinogenic acth ity of 881 (Kennedy et al., 1993b; Ya, elo,, et al. 1985). 

E,en in this study rcponcd b) Gumbmann ct al. ( 1985) on the effects of soy Tl 

preparations. there ,-.ere no significant diITercnecs in the incidence of pancreatic cancer. 

only ocinar adenomns were observed i n rats, nnd not even adenomas (or other 

pathologic nlt.cration) \\"ere observed in mice. Thus pnncreotie hyperplasia nnd 

bypcnrophy ore separable from adenoma de\ielopment (given the differences observed 

bct\\ccn lhe rol and mouse studies) and there is no evidence suggesting 1h01 the 

adcnomas occurring in rats lead 10 c:incer. The incidence of ncinar adenon10 in rots 

atlribulllble 10 protease inhibitors is very low in this study. At 100 mg/100 g of the 

soynour addition. there is not a slalisticolly significant di fference in the incidence of 

P3ntrcatic odc:nomus compared ,viU1 the no-addition treatment group. The results fron1 

this lrtatmcnt group arc comparable "1th the results from the soy TI trcotmenl group at
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70 

JOO mg/100 g of the diet, but the soy Tl treatment ,vas significantly different from 

controls. Both the dietary additions of soy nour and soy Tl led to approximately a 

doubling of the spontaneous incidence of pancreatic ndenoma, ,vith 10% to 20% of the 

rots having evidence of this histopathologic lesion. Even though this is a relatively 

small effect. any effect of this sort is of concern if results from studies such as these can 

be e.�tropolated to humans. 

Although an adverse effect of soy Tl may exist in the rot pancreas, a similar 

effect on the human pancreas is highly unlikely (Kennedy, 1993a). The rat pancreas is 

quite unuswi.1 in its response to soy Tl, the human pancreas is not expected to respond 

10 soy TI ",jth hyperplasia, hypertrophy, adcnoma or cancer development, for many 

reasons that have been discussed previously (Kennedy, I 993a). or particular relevance 

to the question of ,vhether the use of high dietary levels of soybean products could lead 

10 the development of human pancreatic cancer is the epidemiologic evidence. The 

populations ha, 1 ing high le,els of SO) bean products end TI activity in their diets do not 

have elevated risks of pancreatic cancer (Correa 1981; Kennedy, 19930), in fact. some 

of these populations have significantly reduced rotes of  pancreatic cancer development 

(�tills er al .. 1988). Thus tbc available epidcmiologic evidence suggests that the humnn 

pancreas is likely to respond to soybean products ,,ith a reduced cancer rote. 1l1is 

\\'Ould not be surprising because 90% of human pancreatic cancer is ductal in origin 

(Pour, 1991) and nitrosamine-induccd pancreatic carcinogenesis of ductal origin in 

animals is reduced -.vith soybean flour dietary additions (l·ln.sdai and Licncr, 1985; 

Liener and Hnsdni, 1986; Permert er al .. 1993; Pour. 1991). \Vhcthcr there ,viii be 

elTccts in the human pancreas associated with the administro1ion of soybean protease 

inhibilors. or SO)bean products in genernl, ,viii never be completely determined ,, ith 

c:pidtmiologic studies, ho,,e\er. Thus. it "ill be important 10 monitor the response of 
the: human pancreas to the administration of soybean products as cancer preventive 

agents in human trials. 
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2.8 RATIONALE AND ODJECl'IVES 

Gcnum1icin and Cisplatin (cis-diomminedichloroplatinwn n. COOP) l1J'C i n  no 

doubt among the most effective chcmothcrapculic agents in  clinical practic-e. In spite of 

their obvious clinical benefits, nephrotoxicity ond induction of ARF remain o major 

challenge (Cossid) and Missel, 2002: \Volfgang et al., 1994) and account for nearly 10-

15�, of drug toxicity (Kumar el al • 2000}. In fact, the) nre one of the five principo.J 

ca� ofhospilo.l acquired acute renal failure. 

II is ob\'ious from literature that interest in gcnlllnlicin and cisplatin 

ncphrotox_icit> 1s still thriving. Despite extensi,c studies. the mechanisms of tl1e 

ncphroto>.icity of tllcse impor1w1t therapeutic drugs can not be clc:nrly explained. 

Furthcnnorc. scveml clinical and experin1entnl strategics hove been employed in order 

to ameliorate or abolish the signs of  gentnmicin and cisplotin nephro1oxici1y. �lost of 

these ho, c been unsuccessful. 1mpr:1c1ical or unsnfe. Thus, there is a pressing need for 

\\ll)S 10 protc:ct the �idneys "hile administering effective doses of chemotherapeutic 

agents such as cisplotin and genU1n11c1n ,n p:uients at ri��-

Considerable experimenlo.l cvidenc� hllS contributed 10 support a key role of 

rcacthe oxygen species (ROS) in the numerous n1echonisn1s of sc:csningly =lated 

nephrop.1thics (Rodrigo and Rivera, 2002). ,\lso. no,onoids continue 10 drav,r oucntion 
as possible. very useful therapeutic agents for combating p:uhologic stales associo1cd 

\\itll free radico.J producuon (Lopez-Vele1. et al .. 2003) The role of dielni; navonoids 

1n the prc,enlion of sc .. eni.J chronic diseases has been the subject of intense research 

interest and Ille SO) phenolics ha,c been tlle focus of particular attention (Omoni and 

Aluko. 2005) There is increasing c, idence that dietary ph) tocstrogens present 

pnm:uil) in SO)beans as isono\ones have a beneficial role in chronic renal disease 

(Ran1ch el al . 200 I). ulritionol 1ntef\ cnuon studies hove sho" n that consumpllon of 

C.O) ·bascd protein reduces proteinuno and aucnuotes renal functional or structural 

damoge 1n animals and humans "1tll various forms of chronic renal disease (Ron1ch ct

of, 2001) Also several studies tw,c demonstr:11cd the cffiCllC) of dietary SO) protein 1n 

deJa)'Ulg the progression of polycystic �dne) disease in c'<pcnn1cntal nn1111ol 1nodcls 
(Aulcm:i ti al. 1999: Ogborn et al. 1998. Tomobc et t1I. I 998) 

Re, 1e,.., of literature reveal that Ilic ,nnuence uf SO) beans and 11s products on 
ncphrolo)(icuy and ARf induced by cisplo1in and gcn1amic1n has not been 1n\es11go1ed 
The ra11onale and objc:clt\CS of this present �tud) thcrclore are to 
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2.8 
RATIONALE AND OBJECTIVES

Gen1runicin  and Cispln1in (cis--diomminedicbloroplatinum n, CDDP) are in no

doubt an,ong the most effective chemotherapeutic agents in c linical practice. fn spi1c of

,heir obvious clinical benefits, nephrotox-icity and induction of ARF rcn,ain a major

chnllcnge (Cassidy und Misset. 2002: \Volfgang et al, 1994) and account for nearly I 0-

15,-o of drug toxicity (Kumar et al .. 2000). In fact, they are one of the five principnl

causes of hospitnl ac.quired acute renal failure.

lt is obvious from literature that interes1 in gentamicin and cisplatin

nephrotoxicity is still thriving. Despite extensive studies. the mechanisms of the

ncph.rotoxicity of these important therapeutic drugs can not be clearly explained.

Furthermore, several clinical and experimental strategics have been employed in order

10 ameliorate or abolish the signs of gentamicin and cisplntin ncphrotoxicity. !vlost of

1hese ha, e been unsuccessful. impractical or unsafe. TI,us, there is a pressing need for

wa�s to protect the kidneys ,vhile administering eITective doses of ehemothernpeutic

agents such as cisplatin and gcntnmicin in patients at risk.

Considerable experimental evidence bns contributed to s upport n key role of

reactive oxygen species (ROS) in 1he numerous mechanisms of seemingly unrelated

ncphropathics (Rodrigo nod Rivera, 2002). Also. Onvonoids continue to dr.i,v attention

as possible. ,cry useful 1hcropeu1ic agents for comba1ing pathologic states associated

v.ith free radical production (Lopez-Velez et al, 2003). The role of dietnry navonoids

in the prevention of several chronic d isenses has been the subject of intense research

interest nod the  soy phcnolics have been lhe focus of particular attention (Omoni and

Aluko. 2005). There is increasing evidence thnt dietnry phytocstrogens present

pnmanl) ,n so) beans as isofla\ones have n beneficial role in chronic renal diseose

(Ranich et tJI., 200 I). Nutrit ional intervention studies have sho,,'Tl that consumption of

SO)·bascd protein reduces proteinllflD and attenuates renal functional or structurnl

damage in animals and humnns ,vilh , orious forms of chronic renal disease (Ranich et

al. 200 I). Also se\lerol studies have demonslri1ted the cflicncy of diernry soy pro1cin in

dela)ing the progression of polycystic kidne) disease in expcrin,en1nl animal 1nodels

(Aukcma et al, 1999; Ogborn et (I/,, 1998, Tomobc et c1/. \ 998).

Rcvie\\ ' of Ji1croture reveal that the influence of soybeans and its products on

ncphrotoxicity and ARF induced by cisplatin and gcntnmicin has not been investigated.

The ra11onalc and objectives of this present s1udy therefore ore to
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. 

1. 
Exnmine lhc possible protective effect or concurrent ndn1inistmtion of soybean, 

using the mcthanolic extroct (MESB), in o rot model of cisplntin- and 

gcntomicin- mediated renal dysfunction and injury. This is nn anempt to further 

identify sufc, practical and effective agents to ameliorate the ncpluotoxicity in 

p3tients at risk. 

ii Assess the extent of disruption of ontioxidant defense system and activities of 

membrane-bound enzymes follo,ving t�tn1ent '"ith gcntrunicin and cisplntin /11

l'il'O. 

... Further elucidate the cellular and molecular mechanis1ns involved in cisplotin-111. 

nnd gentnmicin- mediated renal toxicity. 
. 

IV. Correlate the biochemical alterations induced by gentrunicin and cisplatin both

in blood and ren:il tissues ,,'ith overrall renal function and morphology. This

should give some insight into the mechanism(s) of arnclionuion or protection

against this advccsc cffecL

, . Explain the mcchnnism(s) by ,11hich soybean offer protection ngninst these 

experimental models of ncphrotoxicity. 

,i Evaluate the free radical scavenging and antioxidant activities of tvtESD in

,·itro. This ,vould further �ve some insight into the mechanisms of amelioration 

or protection observed by this extract against the rcnnl toxicity of gentamicin 

and cisplalin in 11i1•0.

vii. ldentif) some kno,,-n compounds and possibly isolate nc,v compound(s) from

ow indigenous !>Oybean cultivar.
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. 

,. 
Examine the possible protective effect of concurrent administration of soybean, 

using the methanolic extract (MESB), in a rot model of cisplatin- and 

gentnmicin- mediated renal dysfunction and injury. This is an nnempt to furtheJ 

identify snfc. practical and effective agents to ameliorate the ncpluotoxicity in 

patients 01 risk. 

ii Assess the extent of disruption of antioxidant defense system and activities of 

membrane-bound enzymes follov,ing treatmenl ,vith gcntnmicin and cisplatin /11

l'/1"0, 

iii. Funher elucidate the cellular and molecular 1necbanisn1s invoh ed in cisplntin-

nnd gentamicin- mediated renal toxicity.

iv. Correlate the biochemical nherations induced by gentrunicin and cisplatin both

in blood and renal tissues ,,�th overrall renal function and morphology. This

should give some insight into the mechonism(s) of un1clioration or protection

against this adverse cffecL

v. Explain the mechanism(s) by ,vhich soybean offer protection against these

e.xperin1ental models of ncphrotoxicity.

"· Evnluale the free radical scavenging and antioxidant activilies of NfESB in

,·itro. This ,,-ould funher give some insighl inlo the mcchnnisms of an1eliora1ion 

or protection observed by this extract against the renal toxicity of genlnmicin 

and cisplatjn in l'ivo. 

,-ii. ldentif) some kno,vn compounds and possibl) isolate ne,, compound(s) from 

our indigenous soybc:an cuJtivar. 
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CHAPTER "fliREE 

l\1ATERIALS AND l\'llITllODS 

3.1 CH'EMICALS 

Gentnn1icin sulphate \\!llS obtained from Fonnulations Pie, (England). Cisplatin, 

rh(n) Jn,ethnnesulfonyl Ouoridc. alpha, alpha-Azodiisobutyromidine di hydrochloride 

(i\.\PI I). 2-Dcoxy-D-ribose, DL-Dithiothreitol, 2,4,6-Tri(2-pyridyl)-S-lriazine (TPTZ), 

Trolox (6-llydroxy-2,5, 7 ,8-telrnmelhylchroman-2-carboxylic acid), 2,2' -Azinobis (3-

ttb) lbenzothiazolinc-6-sulfonic ncid) diommonium sail (ABTS·l, Phenazine 

metbosulfate (Pti.1S) \\ere purchnscd fron1 Sigma-Aldrich (Gcnnany). I-Chloro-2,4-
. . 

dinitrobcnzcne (CDNB), S ,5- Dithiobis-2-nitrobenzoic acid (DTNB). Reduced 

Glutathione (GSH), Adenosine n1onophosphate (At\11 P), Hydrogen peroxide CH20J), 

Xtlllthine (2,6-Dihydroxypurinc), Tris(hydro:-..-ymethyl)aminomethane, Nitrobluc 

tctrazolium (NBl), I ,  1-Dipbeny-2-picrylhydrnzyl (DPP!-1) radical, Thiobarbituric acid 

(rBA). Glucose-6-phosphate (G6P), Nicotinamidc adenine dinucleotide, reduced 

(Ni\D11). 1 icotinamide Adenine Dinucleotide (NAO), Glycine, Catcchin \Vere obtained 

from Sigma Chemical Compan)' (USA). Metaphosphoric acid \VOS obtained from MRS 

(l,.K.). Adrenaline. Sulphanilic acid (4-Aminobenzenesulphonic acid) \\'BS obtained 

from Surechc:m products Ltd (England). -( 1-Naphthyl) ethylcncdiaminc 

dih�drochloride, X) lenol orange sodium sail. 11ro Blue Tetrazoliun, (NDl). 

Tetramethylbenzidine, Triphenylphosphine and Cadmium \\"ere obtained from Alfa 

Aes:u-, Heyshan (Lancaster). N-acetyl-P-D-glucosaminidosc (NAG) assay kit \\'tJS

purchased from PPR diagnostics Ltd. (London). 'i-Glutomyltrnnsfcrnse ('i-GT) and 

Aspanate aminotransferase (AST) assay kits \Vere obtained from Rnndox Laboratories 
(Crumlin, U.K.). Sodium acetate, tvlognesium chloride, Trichloroacetic acid (TCA),

Ammonium molybd_nte, Ferrous sulphate, Poto.sSium dichrornote, Glnciol acetic n.cid, 

flh}lenediomine teuruicetic acid (EDTA). Sodium chloride (NnCI), Ascorbic acid, 
Sodium h)droxide. Linc sulphate, Hydrochloric acid, Sulphuric acid ,vcrc obtoined
from BDII (Poole, U.K.) ond Hopkins and \Villiams.

3.2 ANl�IALS 

Albino rats of the \Vistar strain '"ere obtoinl!d fronl the Prc-chnicnl animal 
house of lhc faculty or Basic �ledicol Sc1cnccs or the Un1\er..it) of Ibadan, and fed
"1th cornmcn:iall)• available SUU1dard pelleted feed and \\1lter ad /Jb/t11T11.
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JJ l\rETHANOLIC EXTRACTION OF SOYBEAN

soybean seeds ,vere obUlined from Bodija n1nrkel in Ibadan. They ,vcrc blended 

into po,\'der and packed into the soxhlet extroctor nnd defntted ,vith petroleum ether

(b.p. 40-60°C). 1l1e defattcd soybean ,vas then extracted in absolute n1eUUU1ol nod the

mcth:Ulolic froction evaporated in a ,vater bath to obtain the solid extract from ,vhich 

stock solution was prepared and administered to rots. 

3..4 COLLEC'rlON OF BLOOD SAi\'ll'LES ANO PREPARATION OF 

POSTi\tlTOCJIONDRl,\L Fl�\CTION (PI\IF) OF KIDl\'EY SAMPLES 

Rots \\ere sacrificed by cervical dislocation. Blood samples ,vere collected by 

Cilldiopuncrure into heparinizcd tubes and kidneys immediately removed, rinsed in ice­

cold 1.15% KCI. bloned and weighed. The kiw1cys "'ere then a1inced ,vith scissors in 3 

volumi:s of ice-cold I 00 mM potassium phosphate buffer, pl I 7 .4 and homogenized in n

tcflon homogenizer. The homogenntes ,vere later centrifuged at 12,500 g for 15 minutes 

at 4°C and the supcmatanlS. termed the postmitochondrinl fractions (P�rF). ,,1:rc 

aliquoted ond used for the enzyme assays. 

3.5 EXPElilllENT;\L DESIGN FOR PROTECT10N AGAINST

GENTA 1\11CIN-I DUCED EPHROTOXICITY

Rats "eighi:ng bct"ecn 11 O nnd 275g ,verc random I) divided into five groups of 

fhe animals per group. Group I (control) recei\·ed normal saline (0.9% nCI) 

subcutaneously (s.c). Group II received gcntwnicin {SO mg/k&fdny. s.c). Groups lll nnd 

IV received 500- and I 000. mglkg/dny of  methanolic extroct of SO} bean (MESB) orally 

respecti\'cl} and ofter one hour, gentnmicin (80 n1&fks. s.c.) \\'llS ndministc:rcd. Group V 

wns treated '"ith 1000 mg/kg/do} of MESO only. All treatments '"ere siven for 12 

da}s On the 12111 day after 1rcatment. blood and kidney samples Y.'tre colleclcd for

determination of renal function, histology nnd other biochemical ossays. 

3,6 EXPERIJ\1ENTAL OE IGN FOR PR01'EC
T
ION AGAINST C l  l'LATI -

I\DL'CEO NEPIIROTOXICIT\'

Sh, groups or six rats per group \\eighing bct\\ccn 204 and 26Sg \\..:re studied in 

this experiment. Group 1 (control) received 0.9�� NnCI, Group 11 ,,·as 1re.,tcd \\'ilh

CDDP (2 mg/kg/dlly int.roperitoncnlly for s dnys); Groups Ill, IV nnd \' ,,ere trenl�

\\ith 250-. soo. and 1000- mg/kcfda} orol doses of MESB �pecti,cl} one hour before
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COOP injection; Group VI ,ws Lreated "'ith I g/kg/dny MESB only. All Lreatments 

were given for live days. Rats ,,1?rc sacrificed by cervical dislocation 24 hours afier the 

last injection of CDDP (i.e. on the sixth day). Blood nnd kidney samples ,vere collected 

1111d processed for histology and biochemical evaluation. 

J.7 !tV V/JIO EVALUATION OF Tl{E NEPlffiOPROTECTIVE EFFECTS OF

F.X'TIL\CT FROJ\I SOYBEAN 

J.7.1 REN,\L FUNCTION TEST 

J.7.1.1 PLAS;\I"\ CREATINTNE ESTIMATION 

PRl�Cll1LE

Crcatinine yields a definite colour reaction in the presence of picric acid in 

o.lkaline solution due to the formation of a red tnuton,er of creatinine picrnte (Jaffe et

al 1987). 

REAGENTS 

I. nturatcd picric ncitl.

Picric acid \\'llS dissolved in distilled \\'titer until no more could dissolve.

2 . •  otliun1 h)tlroxitlc (-' N). 

This 11as prepared by dissolving 16 g of sodium hydroxide pellet in distilled \\'Iller 

Md the ,olume made up to I 00 1nl 1,•ith same. 

3. Creatininc st:iod:ird (2 mg/1001111).

Crcntin1ne (2 mg) \\"3.S dissolved in distilled water ontl the -.olume made up to I 00

ml with same.

PROCEDURE 

To already pipcned 3.5 ml of picrie acid ,vas added 0.5 nil of plnsmn sample. 

Th( mixture \\'llS centrifuged for 5 minutes. J ml of the supernatant ,vns taken nnd to it 

11.is added 0.2 ml of 4N NaOH. This \\'OS incubated for 10 minutes. The obsorbnncc of 
1� suspension 11� read at 520 nm and the conccntrution of crentinine dctenninetl
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cDDP injection: Group VI ,vas trented ,vith 1 g/kg/day MESI) only. All ucatmeats

were given for liv<! days. Rnts \\'<?re socrificed by cervicaJ dislocation 24 hours aller the

lost injection of CDDP (i.e. oa the sixlh day). 131ood and kidney samples ,vere collected

QJtd processed for histology and biochemical evaluation. 

J.7 /J\' V/JIO E\'ALUATION OF TIIE NErllROPROTECTIVE EFFECTS OF 

EXTR,\CT FRO!\'I so,'llRAN 

3.1.1 RENAL FUNCTION TES'I' 

3.1.1.I PLAS�IA CREATINl 'E ESTIMATION 

PRINCIPLE 

Creatinine yields a definite colour reaction in the presence of picric ocid in 

alkaline solution due to the formation of a red tnuton,er of crentinine picrutc (JnJTc et

al, 1987). 

REAGENTS 

I. 11turn1cd picric :icid.

P1cric acid wus dissolved in distilled \\'ater until no more could dissolve.

2. 'iotliu111 h�dro�itle (4 ).

1111s ,,as prepared b)' dissolving 16 g of sodium hydroxide pellet in distilled ,voter

and the , olume made up 10 I 00 n,l "'ith same.

J. Crentinine 1:ind11rd (2 m(l/10001I).

Creatinine {2 mg) ,vas dissolved in distilled ,-,,01er ond the volume made up 10 I 00

ml ,vith same.

PROCEOlJRE 

To already pipetted 3.S ml of picric acid ,vos odded 0.5 ml of plasmo srunple. 

The mi:l,1ure wus centrifuged for s minutes. 3 ml of the supernatant ,vns token and 10 it 

"as added 0.2 ml of 4N NnOI I. TI1is ,"3.S incubated for 10 minutes. 1l1c nbsorbancc of 
the suspension ,vas rend at 520 nm and the concentration of creatininc detennincd
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J.7.1.2 BLOOD UREA NITROGEN ES'fl�1ATION

rRJNCIPLE 

THE FEARON REACTlON
-

The principle of this reaction is based on the condensation of dincetyl \vith urea 

10 form the chromogcn, diozine. Since dincet)•I is unstable, it is usually generated in the 

reaction system from diacctyl monoximc. 

Cit. 

c -o 

I 
C=NOH 

I 
CIIJ 

Diacetylmonoximc 

CH3 
I 

H20 I-r+ C=O 
I 

Strong acidic medium C=O 
I 
Cll3 

Oincetyl 

The reaction of diaceryl and urea gives dinzine 

111 CJ-!3 CH3 
'\ I I 

C=O + C=O C=N -C=O 
/ I I /

lb� C=O Heat C=N 
I I 
CH3 CIIJ 

Urea Diazine 

Hydroxylan1inc 

+ 2H20

\\hich absorbs strongly at 520 nm. Thioscmicarbnzide and Fe (111) BTC added to the 

system to enhance and stabilize lhc colour. Urea must be used as standard for a direct 

method. 
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KE·\GE,TS 

I. llrr11 colour reagent

(Bl Diocctylmonoxime (5 g) '''3S dissohcd in distilled \\'liter and made up to I lure ,,ith

the s.1n1c to prcp:ire a concentration of 5 g, L di acct} I monoxime. 

(b) 11tiosem1c:irb.izidc (5 g) '''!IS dissohed in distilletl ,,ater and mode up 10 I litre ,,ith

the same 10 obtain a 5 g/L conccntrollon. Equnl , olumes of (a) and (b) ,vcre mixed

10 pn:pJtC the urea colour reagent. 

2. \dtl ,tock rca�cnt

This ,,a.-. rn:parcd b> dissolving 5 g of FeCl3.6l '20 1n 20 ml of distilled ,,.11ter and

JJJm� ss• • phd,phonc acid ( I 00 nil). fhe solution ,,115 made up 10 250 ml \\1th

d1�11llcd ,,.11er

J. Urcu add reagent

Concentrated sulphunc acid (200 nil) \\OS diluted to I litre ,vith distilled ,,11ter plus 0.5

ml ocid stock reagent.

PROCEDURE 

Sample (0.1 ml) \\'3S added into a uni\ersnl bottle containing 19.9 ml of distilled 

,,;iter 3.nd the suspension ,, as shaken ,·cl') ,..-ell. I ml of the suspension ,,·as transferred 
into a tc5t tube and 10 i t \\35 added I 1nl of colour reagent (5 s/1 diocctylmonoxime + 5

s I 1h1o"Cn11carb11.Jdc) follo,,ed by I nil of acid reagent (200 ml of cone. 112S0, diluted 

111 I litre ,,ith dis11llcd ,,111cr plus 0.5 ml acid stocl.. reagent). The n1ixturc \\US heated in 

boiling ,,ater bath for 20 minutes. It ,,•ns then cooled and the absorbance read ot 520 

nm og:iin�t hlanl.. Titc conccntrotion of urea in rug, I 00ml \\'llS then c:ilculotcd (Sec 
Appendix). 
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.t7.IJ D£1 f.R\IINATION OF SODIU I (Na+) A D POTA l�l (K•) 

CONCENTRJ\TIONS 

PRINCLPLE 

FLA�IE EMISSION SPECTROPHOTOMETRY 
-

San1ple ,,as diluted ,vith n solution containing nn internal slllJldard (Lithium or 

Caesium) and nspirnted into a prepared oir name. Na·. K\ Li' and Cs .. ,vhcn excited, 

emit spectrn ,,ith shllfl) bright lines nt 589, 768, 671 and 852 nm respectively. 

1\s the thermnlly excited ions return to the ground stale, the intemnl stondnrd 

,,�nnl i� tn\...cn ns a n:fercncc agninsl "'hich the nnolytical signal (Sodium. Potnssium or 

I 11hium) ,s compared 

The s)stcn1 1s standardized relntive to to,v and high concentration of each 

anal) te and the relation of signal to concentration is computed by an associated 

microprocessor upon nspirotion of controls and sample into the stllndardized 

instrument. Resuhs are prepared in mmol/1 on n digital rend-out devices. 

rROCEOUllE 

Sample ,vas diluted by adding 0.1 ml of the snmplc into I 9.9 ml of distilled 

1111tcr ( I in 200 dilution) nnd shnken. This \\'tlS then aspirated into the flame photometer 

JnJ th.: value rend ofter setting instru1nen1 to iero with glass distilled w,ater and 

calibrated "ith respective standards ( 140 111Eq/L for Na· nnd 5 mEq'L for K' ). 
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�.?.2 oF.Tf.lli\llNATION OF CAT ALASE ACTI \IJTY

ratalosc ocu, it) "os determined according to the n1cthod of Singha ( 1972). 

r1uNClrLE 

TI1is method is bnsed on the fact that dichromotc in acetic ncid is reduced to 

chromic 11ceta1e ,vhcn heated in the presence of  H102, ,,ith the fonnation of pcrchromic

acid as on unsuible intermediate. The chromic acetate then produced is measured 

colorimctricoll) ot 570 - 610 nn1. Since dichromntc hos no absorbency in this region, 

the presence of the compound in the assny mixture docs not interfere at all ,vith the 

colorimetnc detcnninntion of chromic acetate. The catalasc prcpnrntion is ollo,vcd 10

split 11,01 for different periods of time. The reaction is stopped at a particular time by 

the .iddition of dichromatelocctic oc id mixture and the rcmoining 1-1102 is determined by 

measuring chron1ic ocetote colorin1etrically ofter heating the renction mixture. 

REAGENTS 

I. Oichromnte Solution (5%)

K2Cr207 (5 g) '"ns dissolved in 80 1nl of distilled "-:111:r and 1nodc up to l 00 nil ,vith

same. 

2. llydrogco peroxide (0.2M)

11101 (0.67 g) \\US ,nixed ,vith distilled ,,,ater in o 100 ml volun1etric nnsk nod the

�lution n1adc up to the mark ,vith some. 

-'· l>khro1n:1tc/ncetic ncid 

I his reagent \\':IS prepared b> mixing 5% solution of K2Cr101 \\'1th glacial acetic acid

( I :3 b}' ,olume) and it is stable for about one month.

4. l'hospbntc buffer (0.011\1, pit 7.0)

Na111P0�.121120 (3.5814 g) and 1.19 g Noll2P0�.2H20 dissolved in 900 ml of distilled

water. The pH adjusted to 7.0 nnd distilled water added to 1nokc up to l litre.UNIV
ERSITY O
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rROCEOURF. 

Colorimetric dc1ern1in111ion of 11102 

OilTcrcnt a111ounts or H202, ranging from IO to I 00 µmoles were taken in  small 

test tubes ond 2 n,I of dichromnte/ocelic acid \Vns added to each. Addition of the reagent 

,n�tanmncously produced an unstable blue prccipitatc or pcrchromic ncid. Subsequent 

heating for 10 minutes in n boiling \\'Iller bath changed the colour of the solution to 

stable grttn due to formation of chromic acetate. Af\er cooling at room tcmperoturc, 

the volume of the reaction mixture \Vns made to 3 ml and the optical density measured 

"i1h a spectrophotometer at 570 nm. The conceolrlltions of the stwidard \\-ere plo11ed 

a2a1ns1 absorbance. 
-

Tt5I tubr I 2 J 4 5 6 7 

11101 (ml) 0.00 0.10 0.20 0.30 0.40 0.50 0.60 

ll1chron101e/acctic ocid (ml) · 2.00 2.00 2.00 2.00 2.00 2.00 2.00 

Distilled \\'liter (1nl) 1.00 0.90 0.80 0.70 0.60 0.50 0.40 

Octcrmination of catolusc activity of so,nples 

Sample (I ml) \\'!IS mixed \Vith 49 ml distilled H20 10 give I in 50 dilution of 

the sample. Tlte OSSO)' mixture contained 4 ml of H202 solution (800 µmoles) and 5 ml 

of phosphme buffer in a Io ml na, bo11om Onsk. I ml of properly diluted enzyme 

PfepJrolton \\:IS rop,dly mixed \vith the r-.:uction n1ix1urc by a gentle S\\irling motion. 

The rc:ictton \\BS run :it room temperature. A I ml portion of the reaction mixture \\'llS

"ilhdra\�n and blO\\TI into 2 nil dichromote/ocetic ncid reagent 01 60 seconds intervals. 

The hydrogen J)(roxide contents of the \\iithdrD\\TI smnple \\·ere determined by the 

method described above. UNIV
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).7J 
DETERi\llNATION OF SUPEROXIDE DlS"fUTASE ACTIVITY. 

Toe level of supcroxidc dismuUISe (SOD) activity \\'llS detenniaed by the 

mclhod of Misra and Fridovich ( 1972). 

PRINCIPLE

The obility of supcroxidc dismutase to inhibit the outoxidotion of adrenaline 

tcpincphrinc) ot pH I 0.2 makes this reaction a basis for o simple assay for this 

dismUUISC, 

Supcroxidc co· 1) rndicol generated by the xonthinc oxidase re:iction caused the 

oxidotion or epinephrine to odrcnochrome and the yield of adrenochrome produced per 

0·1 introduced increased ,vith increasing pl-I (Volerino oad McCormock, 1971) and also 

increased ,vitb increasing concentration or epinephrine. These results led to the 

proposal that outoxidotion or epinephrine proceeds by ol least 1,vo distinct path,,11ys, 

only one or,\'hieh is o free rndicol chain reaction involving supcroxide (O"J) radical oad 

hence inhibitnble by SOD. 

REAGENTS 

I. Carbonate buffer (0.05 i\'I, pH 10.2)

�aiCOi.101 '20 (14.J g) and 4.2 g of NaHC01 ,,-ere dissolved in 900 ml of distilled

\later. The pl I \\'US adjusted to I 0.2 nnd then mode up to I litre.

2. Adrenaline (0.3 n1l\'I)

Adrenaline (0.0137 g) ,,-as dissolved in 200 ml distilled ,vatcr and then mode up to 250

ml, This solution ,,-as prepared just oiler the experiment.

PROCEDURE 

Snmple (I ml) ,vas diluted in 9 ml of distilled \\'Ster to mnke a I in IO dilution. 

t\n aliquot (0.2 ml) of the diluted sample ,vas oddcd to 2.5 ml of O.OStvl carbonate 

burrer (pM I 0.2) 10 equilibrate in lhc spectrophotometer and lhe re.iction started by the 

addition of 0.3 ml of freshly prepilled 0.3 mM adrenaline to the mixture ,vhich \\'llS

quickly mixed by inversion. Tiie refc-rcnce cuvelle contained 2.5 ml buffer, 0.3 ml of 

substrate (odrcnalinc) and 0.2 ml of ,voter. The incre�e in absorboncc at 480 nm \\'1\S

monitored every 30 seconds for 150 seconds,
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J.7.4 
OETERI\UN,\TION OF REDUCED GLUTATilJONE LEVEL 

The n1etbod of Beutler et ol. (1963) ,vas follo,ved in estimating the level of 

reductd glutnthione (GSl 1). 

rRlNCTPLE 

The reduced tonn of glutathione comprises in most instrulces the bulk of 

cellular non-protein sullhydryl groups. This method is therefore based upon tl1e 

dc,elopment of a rclntively stable (yello,v) colour ,vhen s·,s· - dithiobis - (2-

nitr0benzoic acid) (Ellrnan's reagent) is added to sulfhydryl compounds. The 

chromophoric product resulting from the ceaction of Ellman's reagent ,vith the reduced 

glullllhione, 2 -nitro-5-thiobcnzoic acid possesses o motor absorption at 412 nm. 

This method has the follo,ving advantages over the earlier modification of the 

nitroprusside method. 

I. The prccipit.ation process is carried out ,vith a single easily prcpnred reagent. It

does not require addition of solid sodium chloride or prolonged shaking.

ii. 

Ill. 

I\. 

\, 

The detenninalion may be carried out at any temperature likely to be

encountered in the laboratory.

The colour formed is relatively stable

The reagent for colour development is stable for m3.l'ly ,veeks

The sensitivity of the method is so great that it moy readily be adapted to a

micro-procedure.

REAGENTS 

I. GSH l\'Orking standard

GSH (40 mg) \\'!IS dissolved in 0.1 M phosphate bulTer, pH 7 .4, nnd mode up t o  100 ml

"'ilh the same. 

2. rhosphate buffer (0.1 l\l, pU 7.4)

a. Fim O.IM NaiHP04.J2lh0 ,vas prepared by dissolving 7.1628 & in 200 ml of

distilled \\--aler.

b . 0.11\I NaHiP0,.2H2o ,vas prepared by dissol,ing 1.5603 g in I 00 ml of distilled

V.'altr. 

Finally O.lM phosphate buffer ,vas prepared by adding 200 ml of (o) to 100 ml 
of (b) and the pH :idjustc:d 10 7.4 with drops of c:onccn1rnted I ICI or NaOl l as the case
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010> t,c. This is stable indefinitely unless mold fonns. If crystals develop during storage

81 4oc. heating may dissolve these.

J. E)lman's Reagent 15', S'-Dithiobis- (2-nitrobenzoalc) DTNB)

This \\'llS prcpnred by dissolving 40 mg of Ellmon's reagent in 0.1 M Phosphate buffer

and m:ide up to I 00 ml. 

.t Precipitating Solution 

Prtp.1l'Cd from 1.67 g metaphosphoric acid, 0.2 g disodium or dipowssium 

eth)lenedion,inc tetrnncetic acid (EDTA) and 30 g NaCl per 100 ml of distilled ,vater 

ond stored at 4°C. It is stable for 3 ,veeks. The EDTA ,,'US added to prevent difficulties 

th:lt might arise ,, here ,voter supply contains appreciable concentrotion of metallic ions. 

CALIBRATION OF GSH STAJIIDARD CUR\'E 

PROCEDlJTlE 

Serial dilutions of the GSH ,vorking stnndard ,vere prepared as sho,,TI in the 

tnble belo,v. 

Prcp11rotion of GSH Standard Curve 

Stock GS H (111{) Phosphate Ellt11a11 's GS/I COIIC (µg) 

buffer (111/) reagent (111/J 
0.025 0.475 4.5 10 

o.os 0.45 4.5 20 

0.10 0.40 4.5 40 

0.20 0.30 4.5 80 

0.30 0.20 4.5 120 

0.40 0.10 4.5 160 

Blnnk 0.5 4.5 

To each test tube ,vas added 4.5 ml of Ellmnn's reagent. GSH concentration ,vas 

proportional 10 the absorbance at 412 nm. The readings were lllken before live minutes.
This is because the colour is stable for nt least 5 minutes after the addition of Ellmnn's
l'ta£Cnt After 1 o minutes of swnding, there is frequently a loss of I to 2% of the
cololl(. IIO\\e,cr, on additional delay of 5 - 15 minutes ,viii result in only a small error.

Each sample \\'US prepared in duplicate. A graph of optical density 11�ainst 

COncentmtion ,-..115 ploncd. 
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Estimation of GSH level 

San1plc (0.2 ml) ,vas added to 1.8 ml of distilled "'ater and 3 ml of the 

precipitating solution \\'llS mixed ,vith sample. The rate of addition \\'ll.S not criticoJ. The

miitlW'C ,vos then allo,"cd to stand for approximntcly 5 minutes ond then filtered. Al the

end or Lhc fifth minute, I n,l of filtrate ,vas added to 4 n,1 of 0.1 M phosphate buffer.

Finally 0.5 ml of the Ellmnn's reagent ,vas added. 

A blank ,vns prepared ,vith 4 ml of the O.IM phosphate buffer, I ml of diluted 

pittipitoting solution (3 parts to 2 parts of distilled Willer) and 0.5 ml of the Ellman's 

rt3gcnl. The opticoJ density ,vas 1neasured al 412 nm. GSH ,vns proportional to the 

absorbance at that \\'llvelength and the estimate ,vas obtained from tJ1e GSH standard. 

3.7.5 OETER!\flNATION OF GLUTATlliONE-S.'fflA.l"ISFERASE ACTJVTn' 

Glutnthione -S-uansferase (GSD activity ,vas dc1cm1incd according to Habig et

al (1974). 

PRINCIPLE 

The principle is based on the fact that all knO\\'TI glutathione-S-trnnsfernsc 

dem.onstrate a relatively high activity ,vith l-cbloro-2, 4. - dinitrobenzene as the second 

rubstrate. Consequently, the conventional assay for glutathione-S-trnnsfease activity 

utilizes l-chloro-2, 4, - dinitr0benzene as substrate. \Vbcn this subs1ru1ce is conjugated 

\\ith reduced glutatbione. iis absorption maximum shifts 10 a longer \\'ll\'elength. The 

absorption increase at the new wavelength or 340 nm provides a direct measurement of 

lhc enzymatic reaction. 

REAGEl\'TS 

I. 1-Cbloro- 2, 4, - dioilrobcn.zcne (20 n,�1)

1-Chloro-2l 4-dinitrobcnzcne (CDNB, 3.37 mg) \\'US dissolved in I ml of cLhnnol. 

2. Reduced Glutathionc (0.1 1\1)

Reduced glutatllone (GSH, 30.73 mg) was dissolved in I ml of 0.1 lvl phosphate buffer

CpH 6.5).
3. Phosphate buffer (0.11\1, pH 6.5)

This "-US prepared by dissolving 4.96 g of dipo1nss1um hydrogen phosphate (K2 1-lP04)

and 9.73 g of potassium dihydrogen phosphate (KH1PO�) in distilled ,voter. The pH

"as adj�1cd to pH 6.5 and the volume made up 10 I 000 ml.
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rROCEOURE

The medium for the estimation \\'llS prepared ns sho,vn in the table belo,v and

the reJCtion ,vns nllov;ed to run for 60 seconds each time before the obsorbancc \\11S

read against the blonk ot 340 run. The temperature ,vas maintoined at approximately

31•c. The obsorbnnce \\'OS measured using UNICAl\il Spectrophoto1ncter.

GLUT ATHlO'NE-S-l'RANSFERJ\SE J-\SSA Y MEDIUM 

Reagent Blank Test 

Reduced glutothione (0. IM) 30 µI 30 µ1 

CDNB (20 m!vl) 150 µ) 150 µ1 

0.1 M Phosphate buffer, pl-! 6.5 2.82 ml 2.79 ml 

PMF 30 µI 
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J.7.6 
OETERl\11NATION OF LIPID PEROXIDATION 

Lipid pcroxidation \\'ll.S determined by measuring the formation of thiobarbituric 

ocid reac1i,e substances ([BARS) according to the n1etbod of Varshney nod Kale

(1990), 

pRJNClPLE 

Under ecidic condition, mnlondialdehydc (MDA) produced from the 

pcroxidalion or membrane fatly acid and food products react ,vith the chromogenic 

reagent. 2-thiobarbiturie acid ([BA), to yield a pink coloured complex ,vith ma.ximum 

absorbance al 532 run and fluorescence at 553 nm. The pink chromophore is readily 

c.,1ractablc into organic solvents such as butn:nol. 

REAGENTS 

I.Trichloroncctic acid (fC1\, 30%)

TCA (9 g) ,vns dissolved in  distilled ,v:i1er and made up 10 30 ml ,vith same. 

2. Thlob:arbiturie acid (0.75%)

This was prepared by dissol ving 0.225 g of thiobarbituric acid (TBA) in 0.1 M HCl and

made up 10 30 ml ,vith same.

3. T ris -KCl buffer (0.15 l\1, pH 7.4)

KCI (1.12 g) and 2.36 g of Tris base ,ven: dissolved scpnralcly in distilled ,voter and 

made up to 100 ml ,vith snme. The pH ,vas then adjusted 10 7.4. 

PROCEDlfRE 

An aliquot (0.4 ml) of the kidney P�lF ,vns mixed ,vith 1.6 ml of Tris-KCI 

buffer to "hich 0.5 ml or JO¾ TCA was added. Then 0.5 ml of 0. 75% TBA \\'llS added 

and placed in a ,voter bath for 45 minutes al 80°C. This ,vns then cooled in ice and

ctnlrifuged nt 3000 g. The clear supernatant ,vns collected and obsorbnnce measured

against a reference blank of distilled \\':lter al 532 nm. The 1'-IDA level ,vns calculnled

according to the method o f  Adam-Viz.i and Seregi (1982). Lipid pcroxidotion in

unilSfmg protein or gram tissue ,vas computed ,vith a molar extinction coefficient of

1.56 x I� M''cm·•.
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7 DETERl\llNATLON OF PLASMA L£PID HYDROPEROXJDE LEVELSJ.7. 
(�IODlFlED FOX-2 �lETllOD) 

r1asn1n lipid hydroperoxidc levels ,vcrc determined spcctrophotometrically 

according to the n1odified ferrous oxidation ,vith xylenol orange (FOX-2) method

(Nourooz-Zadeh ct al., 1994)

pRJNClPLE 

The basic principle of the ferrous oxidation-xylenol orange (FOX) assay is 

based on the ability of hydropcroxides to oxidize ferrous ions to ferric ions selectively 

in dilute acid. The resulting ferric ions are complexed by xylenol orange to produce a 

coloured (blue-purple) complex ,vith an extinction coefficient of 1.5 x 10 4�f1cm·•, 

\\hich cnn be measured spectrophotomeuicnlly. The classical FOX-2 method men.sured 

80)' substance that \.\1\S converting F e1• to Fe1•, irrespective of their chemical nature. 1n 

lhe modified FOX-2 method, triphenylphosphine ,vhich replaced n1ethanol reduces 

plasma hydroperoxide and this modification nllo\\'S meosurement of plasma 

bydroperoxide concentration more accurately. 

R£AGEl\'TS 

I. Tri(lhtnyl(lhos(lhine (10 nu\1)

This was prepared by dissolving 262.3 mg of triphenylphosphine in distilled \\'Iller ond

made up to I 00 ml ,,ith same.

2. Ammonium Ferrous Sulphate hcxahydra1c (2.S m�n

Ammonium ferrous sulphate hexahydrolc (98.04 mg) ,vas dissolved in 50 ml of 250

mt-1 H2S04 and made up to I 00 ml ,vith same. 

J. Sulphuric ocitl ((250 m 1))

Concentrated H1SOA (2.45 g) \\'DS dissolved in 80 ml of distilled ,voter and mode up to 

100 ml ,vith same.
4. X) ltnol on1ngc (38% ,.,,/,•)
Xylenol orange (19 mg) ,ws dissolved in methanol and mode up to  50 nll.

S. Preparation or FOX-2 rcogcni

This �-as cnrried out according 10 the method or \VolfT (1994) os described by Eymord

and Genot (2003). Brielly, nmnionium ferrous h�xohydrnte (2.5 m�I) \\'BS dissolved in

H2s0. (250 mM). An aliquot (25 ml) of this solution ,,.11S then mixed \\ith I 9 mg of
X)ltnol orange prc,�ously dis.solved in 50 ml of methnnol. The volume of the mixture

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



was fino\ly made up to 250 ml \\ith methnnol. Concentrations of xylenol orange, 

nnimonium ferrous sulphate bexahydrate nnd l-12S04 ,verc I 00 µM. 0.25 mM nnd 25 

�1. respectively. FOX-2 reagent \Vas prepared just before use and can be stored for 24

hour at -20°C, 

PROCEDURE 

Triphenylphosphine (10 µI, 10 mM) \YllS added to 90 µJ of serum in a 1es1 tube 

and immediate!)' mixed by gently shaking the test tube. Finally, 900 µI of FOX-2 

rcagent (>.-ylenol orange reagent) ,vas added. Each tube \YUS incubated at room 

temperature for 30 minutes, at ,vhich time colour devt:lopment was virtually complete. 

The nbsorbance \\'115 read at 560 nm after removal of any flocculated material by 

centrifugation. The signal ,vas read against a H202 standllfd curve. 
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J.?.8 DETERl\fTNA TION OF 1JRINARY N-ACETYir�-D-

GLUCOSAMTNIDASE ACTMTY 
N-acc1yl-P-D·glucosaminidase (NAG) activity \vns estimated in lhe urine of

c.,pcrimenrnl rnls using PPR diagnostic kit (PPR diagnostics Ltd, London). 

PRINCIPLE 
2-mcthoxy-4-(2'-nitro\linyl)-phenyl-2-deoxy-P-D-glucopyranoside (MNP-

GlcNAc) is hydrolysed by N-acetyl·P·D-glucosarninidasc (NAG) \vilh the release of2-

mcthoxy-4-{2' -nitrovinyl)-phenol, ,vhich on the addition of an alkaline buffer produces 

a colour ,vhicb can be measured colori1ne1rically at 505 nm. TI1e intensity of the colour 

produced is proportional 10 the conceo1rntioo of the enzyme and can be calculated by 

comp:irison ,vith the calibrating solution provided. 

PROTOCOL TABLE 

Test tube 

NAG Calibran1 

Urine sample 

Solution I 

Reagent 

blank 

50 µI 

750 µI 

C111ibron1 Sample 

SO µI 

SO µI 

750 µI 750 µI 

The above mixture ,vas incubated for 30 minutes, follo,ved by the addition of 

Solution 2 750 µI 750 µI 750 µI 

Test tube content \VUS mixed and absorbancc (OD) read at 505 nm after IO minutes

USing water as blank. 
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).7.9 DETE�IINATJON OF l\1YELOPEROXlDASE ACTIVITY

Myeloperoxido.se (MPO) activity, an indicator of polymorphonuclear leukocyte 

accumulation. ,,'llS detennined according to the method of Eiserich et al. ( J 998).

rRJNClPLE 
1-l)·eloperoxidase (MPO) is a lysosomal enzyme present in the azurophilic 

granules of polymorphonuclear leukocytes (PMNs) and is unique to neutrophils and 

monocytes. Ho,\'cvcr. monocytcs contain only one-third of the �JPO found in PMNs. 

�{PO utilizes H102 produced by the neutrophils to oxidize a variety of aromatic 

compounds to give substrate radicals for bacterial acth•ity (Hampton et al. 1998). This 

cllZ)ine is unique bo,,-ever in  that it can oxidize chloride ions to produce n strong non­

radiClll oxidant, bypochlorous ncid (HOCI). HOC! is the most po,verful bactericidnl 

produced by ncutrophils. Excessive production of these radicals cao couse oxidati,•e 

sims leading to oxidative tissue injury. ln this assay, the ability of NlPO to oxidize 

tetromelhylbenzidine (TI-1B) in the presence of H202 to generate the oxidized product, 
"hich ,vas then measured spectrophotometrically served as the basis for this nssay. 

2Th1B + l·h02

REAG�'TS 

I. NaH2P04 buffer (43 mj\1, pll 5.4)

tvfPO ., 20xidized TNIB + 2H20 
(O\fdiud telnlllcth)'lbcnzidinc) 

This ,1-as prepared by dissolving 515.9 mg of Nol-l2P04 (lvhvt. 119.98} in 80 ml of

distilled water. The pH ,vas adjusted to 5.4 ,vith HCI or NoOI-I and mode up to 100 ml 
with same ..

2. T"r.imcthylbcnz.idinc (1.2 m�J)
Tctramethylbcnzidinc (288.42 mg} \WS dissolved in distilled ,voter and n1:ide up to 100
ml l'lllllk with same in II stnndard volumetric Onsk.

J, 11101 (100 n1M) 
Hi01 (3.4 mg} was dissolved in distilled water nnd mnde up to I 00 ml mark ,vith san,e

10 a standard volumetric flask. 
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PROCEDURE 

An aliquot (0.2 ntl) of lhc post·mitochoadrinl supcmatn.at of the kidney 

tiomogenate ,vns aUo,ved to react ,vith a solution of tetramethylbenzidine ( 1.2 mM) and

100 mM H201 in 43 ntlvl NnH2P04 (pH 5.4) in a final volume of 3 ml. Absorbancc

kinetics ,,'!IS monitored spcctropbotomctrically at 450 nm. MPO activity ,vns defined as

lhe quantity of enzyme degrading I µmol perox.ide mjn ·1 and ,vas expressed in units per

mg protein. 

J.7.10 D.ETERl\1INATlON OF XANTHlNE DEITYDROGENASE AND 

XJ\i'\'Tlill'{E OXIDASE ACTf\'ITY 

Xanlhinc ox.idase activity ,vns measured using the spectrophoto1nelric technique 

of Parks er al. (1988) as described by Prichard er al. ( 1991 ). 

PRINCIPLE 

The assay is based on the spcclropbotomctric mcnsuren1cnt of uric acid 

production. The reaction \Vhich includes xnnthine. EDT A and potassium pbospba1e 

buffer lends lo the measu.n:ments of combjned xnnihine dchydrogcnnsc (XDH) plus 

xanlhinc oxidasc (XO) activity. \Vilh the addition of nicotinamidc: adenine nucleotide, 

conversion of XDH to XO is facili!Jltcd, allo\ving measurement of XO activity o.lonc. 

The fonnation of uric acid from xanthinc by XO rcsuhs in an increase in absorbency nt 

295 nm. XDH ncti\ity \\'3S oblllined by subtracting XO activity from combined XDII 

plus XO activity. 

REAGENTS 

I. Xanthine (SO ,•�I)
Xanlhine (0.761 mg) wns dissolved in distilled v.-ater and mode up to I 00 n1l \vith srunc.

2. EDTA (100 µM)

This \\as prepared by dissolving 2.923 mg of EDTA in distilled \\'liter ond mndc up to
100 ml "'ith s:unc. 
3. Potassium Phosphate Buffer (SO mtrl, pit 7.8)
Potassium dihydrogen phosphate (KH2P04, 4.865 g) and dipotnssium hydrogen

phosphate (K2HPO,. 2.58 g) in S00 ml of distilled ,voter and mode up to I 000 ml ,vith 

lllnt. 

I• 
• 
• 
-
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.i·colinamldc Adenine Dinuclcotide (500 µM)
, ... , 

ThiS was prepared by dissolving 35.47 mg of NAD in distilled \\'Oler ond made up 10

100 ml "ith some. 

rROCEOURE 

Xonthine (50 µIv() ,vas oddcd to potossium phosphate buffer (50 mM, pll 7 .8) 

conlnining 100 µM of EDTA. The reaction \\'llS initiated by adding an aliquot (0.2 ml) 

of enzyme preparation (finlil volume of re.iction mixture ,vns 3.0 ml), leading 10 the 

measurements of combined xnnthinc dchydrogcnnsc plus xanthinc oxidase activity. 

\\filh the addition of oicotinamidc adenine dinuclcotidc (500 µM), xanlhinc oxid3Sc 

activity \\'11S measured. XantJ1ine dehydrogenase activity ,\IIIS calculated by subtracting 

lt4lllhinc oxidasc activity from the combined enzyme activity (XOH + XO). Production 

of uric acid ,vas dc1crmincd at 295 nm over a 5 minutes period at 25°C (by monitoring 

the increase in nbsorbancc). Blank ,vas prepared by replacing the enzyme solution ,vith 

Ol ml of distilled \\'ater. 
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3.7.II OETE�1INATION OF NITRJ\TE/Nll'RITE (NITRIC OXIDE) LEVEL

Scrum nitrite (N02l nnd nitrate (N03) ,vcrc estimated as index of nitric oxide 

(1\0) production. Qunntitation ,vas based on the Griess reaction (Cortas nnd \Vakid, 

l990) BS dCS<)ribcd by Navorro-Gonznlvcz et al. ( 1998). 

PRINCll'LE 

As NO rapidly recombines into its suiblc oxidative metabolites (N03' and N02)

in aqueous solution (Pnlmcr et al., 1987), scrum concent.rotions of No3• nnd NOz' ,vere 

esllmated ns an index of NO· production. The NO· rodicnl ploys nn important role as o 

ph)-siologicol messenger (Moncada et al., I 991). NO is formed from L-arginine (Palmer 

ti al. 1988) by NO synthase, ,vhich exists in several isoforms (Griffith and Stuehr, 

1995). Constitutive cnlciwn-dcpcndent isoforms (cNOS) modulate lhe control of 

,-a.scular tone in endothelial cells or the ncurotmnsmission in neurons, ,vbereas 

inducible calcium-independent isoforms (iNOS) arc located in mocropbages, 

cbondrocytes and hepatocytes and ore induced by C)1okines and cndotoxin (Brcdt and 

Snyder, 1994; Nadum, 1992). Pathological conditions associated ,vith increased release 

of cytokines and endotoxin, e.g. inflommalion or sepsis (Curzen et al., 1994) can 

therefore increase NO production. 

Upon coming into the blood strcnm, nitrite reacts immediately "ith 

OX)haemoglobin to form methaemoglobin. Consequently, most NO produced is 

dmcted in serum as the remaining product, nitrntc (\Vcnnmalm ct al., 1993). The 

method is based on the reduction of nitrate to nitrite by cadmium, and the nitrite 

produced was determined by Griess reaction at 545  nm. 111is involves the formation of 

• chromophore during diazotization of the nitrite ,vith sulphanilomidc and subsequent

coupling \vith ruiphlhylethylenediarninc dihydrochloride (l'vloshogc tt al • 1995; Green
tt al., 1982; Cortas and \Vnkid, 1990).

RF.ACE rrs

I. 2inc ulphatc (75 n1n10VL)

This "US prepared by dissolving 2.157 g ofrinc sulphate (ZnS04) in distilled ,vater ond 

made up lo 100 ml with same.
l.Sodluo1 Hydroxide (S5 n1n10VL)

Tlus \\as prepared by dissolving 220 mg of sodium hydro,idc (NoOI I) in dis11lled

"11terand made up 10 100 ml with same. 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



J. GIJcinc buffer (45 g/L, pH 9.7)

Gl)'tinc (4.S g) \\'llS dissolved in distilled in about 90 mJ ,vnter. The pl·l \\'llS adjusted to

9.7 \\ith drops ofHCl or NoOH and then n1ode up to JOO 1nl ,vith same. 

�.Gl)cinc-NnOII buffer (15 g/L, pH 9.7) 

nus w:is prepared by dissolving I .S g of glycine and 1.5 g of NaOI I in distilled \YOter.

The pl I wns adjusted to 9.7 ,vith HCl or NaOH and then mode up to 100 n1l ,vith same.

s. Copptr Sulpbntc (S mmol/L)

Copper (II) sulphate (Cuso�.5H20, 124.84 mg) ,vns dissolved in glycine - NoOH 

buffer (15 g/L. pll 9.7) and mode up to 100 ml ,vith srunc. 

6, Hydrochloric acid (3 n101/L) 

This w:1s prcp:ired by dissolving 11.0 g of concentrated hydrochloric acid HCI (Density 

1.18) in distilled \Ynler and mode up to 100 ml ,vith same. 

7. Reagent I

Rcap.ent I \\'OS prepared by dissolving 50 mg of N-nophthylethylcnedinmine in obout

200 ml of distilled \\'liter and made up to 250 ml ,vith same. This is stable for 111 leost a

)-eat at 4°C.

8. Reagent 2

Reagent 2 \\'US prepared by dissolving 5 g of sulfnnilic acid (4-nminobeozcncsulphonic 

acid, NH2C6J uS011 f) in about 400 ml of 3 mol/L HCI and made up to 500 ml ,vith 

s.imc. This solution is stable for at least a year 111 4°C. 

9. ulphuric acid (I 00 mmol/L)
Concentr:11ed Sulphuric acid (H2S04) (980 mg. Density 1.36) ,vas dissolved in distilled

water and made up to I 00 ml with same. 

10, Sodium nitrite (20 mmol/L)

Sodium nitrite (NaNQ2) ( 13.8 mg) \\'llS dissolved in distilled \\'Iller and mode up to I 00
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PROCEDURE 

Scrum (300 µL) \\'OS dcprotcinizcd by odding 250 µL of 75 mmol/L ZnS04

501ution, stirring ond centrifuging nl I 0,000 g for 01 least I minute nl room 1empcro1urc, 

after \\hich 350 µL of 55 mmol/L NaOH ,vns added. Again, the solution wns stirred 

and centrifuged al I 0,000 g for 3 minutes ond the supcmatont ,vos recovered (the

supcrnota.nl must be frec of turbidity for n1casuring nitrate conccntrolions). Then, 750

µL of supcmnlJlllt ,vns diluted with 250 µL o f  glycine buffer (45 g/L, pH 9.7). 

Cadmium granules (2 - 2.5 g) ,vere rinsed three limes ,vi1h distilled ,va1er and 

swirled in a 5 mmol/L Cu.SO� solution in glycine - NaOH buffer (15 g/L, pH 9.7) for 5

minutes. The copper-coated granules were rinsed nnd stored in I 00 mmol/L H2SO� 

solution. They ,vere regenerated by repeating these steps. 

Freshly nctivnted cadmium granules (2 - 2.5 g) ,vere added 10 I ml of pre· 

11ta1ed deproteinizcd scrum. After continuous stirring for IO minutes, the samples ,vere 

IJllllSfcrred to appropriately lnbelled lest tubes for nitrite determination. 

Finally. 20 µ L  of sample ,vas mixed ,vith 75 µL of rengent I and 80 µL of 

reagent 2. FinnJ concentrations ,vcn.: 1.47 mmol/L (0.43 g/L) N­

naphthylcthylenediamine, 26.4 mmoVL (4.57 g/L) sulfanilic acid, and 1.37 mn10VL 

IICI. The �ction mixrure ,vos incubated 01 room lc:mpemlurc ond absorbancc read 

after 10 minutes at 545 nm. 

CALIBRATION CUR VE 

Calibrator nt various concentrations \\'llS prepared by diluting stock 20 mmol/L 

solutions ofNaN02 ,,ilh distilled \\'liter. The nitrate caJibrotor ,vas diluted ,vith glycine 

buffer just ns the serum samples ,vere. Calibration cunc \\'llS n1ade over o linear range 

of rutmtc bct,vccn O ond I 00 µmoVL. 
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96 

J.7.12 DETERMINATION OF RENAL CLUCOSE-6-PHOSPRATASE 

ACTIVITY

This ,vos carried out according to the method of S,vanson ( t 950).

PRINCIPLE 

Glucosc-6-pbosphatasc, n multifunctional enzyme nets as n phosphohydrolasc 

11Dd phosphot ronsferose. TI1e mechanisn1 of reaction involves the fonnation of 

co,-nlenll) bound enzyme-inorganic phosphate (Pi) intennedinte, ,vhich reacts ,vith a 

,..uict) of Pi acceptors such as \\'Dier (Phosphohydrolose function) and glucose 

(Phosphotransfcrase function). The inorganic phosphate liberoled is complexed ,vith 

ammonium molybdatc, ,vbich is reduced by iron (TI) sulphate to give a blue coloured 

product. TI1e inorganic phosphate relea.sw is measured colorirnetricaJly at 700 nm. 

REAGENTS 

I. Sodium 11c,ctlltc buffer (1.0 1, pH 5.8)

(a) Acetic acid (0.1 M) ,vos prepared by dissolving 6.0 g acetic acid in distilled ,vater

and the volume made up to 100 ml ,vitJ1 the same. 

(b) Sodium acetate (0.1 M) \\'8.S prepared by dissolving 8.2 g of sodium ocemte

(anh)drous) in distilled \\1ltcr and made up to 100 ml. 

4.8 ml of solution (a) \\':lS mixed ,vith 45.2 ml of solution (b) and the solution 

"as adjusted ,,ith 0.1 !'-I ofNaOH or HCI solution. 

2. Trichloroacetic acid (10% ,v/v)

T richloroacetie acid (IO g) ,vos dissolved in I 00 ml of distilled ,vater Md stored at 4°C.

l. Sulpburic ncid (I N)

Concentrated H2S04 ( 18 ml) was diluted 10 I 08 ml "�ch distilled ,voter to make 6 N

ll1SO. 16.7 ml of this solution ,va.s diluted 10 100 ntl ,vith distilled ,voter

4. Ammonium n1olybd11tc (1.6% \11/v) In I N I Ii SO,

Ammonium molybdlllc (1.6 g) ,vus dissoh-ed in I N I IJSO, acid solution 11nd n1adc up

to 100 ml w1tJ, sa,nc.

S. ulphuric acid (0.1 SM)

H:SO, (2.S ml, 6N) \\:IS dissoh ed in distilled ,vntcr and mndc up to I 00 ml ,vith same.
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6. ftrrous Sulphnlc (10% "'/v) in 0.15 N H2SO�

fcm>US sulpho1c (Fcso�. 2.5 g) \\'OS dissolved in 25 ml of 0.15N I 12SO� (TI1is solu1ion

was prcpnrcd fresh eoch day).

1. Glucosc-6-Phospbatc (0.4 M, pH 5.75)

Glucose-6-phosphotc (56.41 mg) \\'OS dissolved in 5 ml of distilled ,voter nnd

thoroughly shoken.

8, Stock standard solution (30 n1n101/L)

Anb)·drous potasSiun1 dihydrogen phosphate (4.083 g) ,vas dissolved and made up to I

liuc ,,ilh distilled ,vnter containing 2 ml concentraled sulphuric ocid.

9. \Vorking Standard (0.12 mmoVL)

Thb ,,.is prepared by diluting s1ock solution I 10 250 ,vith distilled ,,111er ( I ml = 4 µg 

phosphorus). 

PROCEDURE 

Glucose-6-phosphntc (0.15 ml. 0.04 t.il) \\115 incuba1ed ,,,j1h 0.2 ml of 1.0 M 

sodium acetale buffer (pH 5.8) and 0.15 ml sample and 0.5 ml distilled \\1ater (final 

volume 1.0 ml) for 30 minutes at 31'C. The rcnction ,vas 1enninnted by adding 0.5 ml 

TCA. Protein precipitate was removed by centrifugation. 0.5 ml of supernatant ,vas 

added to 5.0 ml of wnmonium molybdate, then 0.2 1nl of sodium acetate and 0.8 ml of 

ferrous sulphate solution. The optical density ,vas measured at 700 nm after shaking. 

Glucosc-6-Phosphntnsc nssuy Mcdiun1 

B/a11J. T t!.SI S1011dord 

G-6-P substrate 0.15 ml 0. 15 ml • 

Sodium acctale 0.20 ml 0.20 ml 0.20 ml 

Enzyme 0.15 ml 0.15 ml 0.15 ml 

Product • 0.15 ml 

Total 0.5 ml 0.5 ml 0.5 ml 

Subslrate V.'llS added to lhe bto.nk ofter stopping the reaction 11nd product to the 

standard ofter stopping the reoction. 
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J.7.13 DETEll.J\,1I NATlON OF RENAL 5'-NUCLEOTIDASE ACT"'ITY

This ,vns done follo,ving 1he method described by George et al. (1982). 

PRINCIPLE 

98 

5'-Nucleotidnse, a suitable marker enzyme for plnsn1a membranes, clc.ives 

phosphate group (P0�3
1 from purine nucleo1ides ndenosine monophosphnte (AMP) nnd

gunnosine monophosphate (GMP) respec1ivcly. The inorganic phosphate {Pi) released 

was measured colorimclrically. The Pi is complexed ,vitb ammonium molybdotc, ,vbich 

is reduced by iron (TO sulphate 10 give a blue coloured produc1. Results are expressed in 

micromoles of Pi released per minule per mg of pro1ein. 

REAGENTS 

I. l\l11gncsium Chloride (10 �1)

�lgCh (0.095 g) ,vas dissolved in 50 ml distilled ,vn1er nnd this solution \\1lS mode up 

10 100 ml "ith same.

2. Atlenosine l\tonophosphale (Al\lP, 10 nt I)

AMP (0.0694 g) V.'llS dissolved in IO ml of dis1illcd \\'lllcr and then mode up lo 20 ml

level ,,ith distilled ,vater. The solution ,vas pul in hot ,voter and shaken 10 dissolve.

J. Tris buffer (S mM)

Tris (0.788 g) and potassium chloride (1.2 g) ,vere dissolved in distilled \\1llcr. The pH

\\'3.S lldjustcd 10 7 .6 ,,ith Ii Cl ofNaOI I nnd made up 10 I litre ,vith the same.

-1. ulphurir :icld (I 1'')

Concentra1ed H2so� ( 18 ml) ,vns diluted 10 I 08 ml \\ith distilled ,voter lo make 6 N

II SO,, 16.7 ml oflhis solu1ion ,,as 1hen dilu1cd 10 100 ml ,vith dis1illed ,voter.

S. Ammonium molybdn1c (1.6% 11·/1•) In I Iii 0�

Ammonium molybdatc (1.6 g) ,vns dissolved in I N I '2S0, acid solu11on nnd made up

lO 100 ml. 

6. Sulphuric acid (0.1 S N)

H2S0,(2.5 ml, 6N) \\ll.S dissolved in distilled wn1er and mode up 10100 ml,
7, F,rrous Sulpho1e (10% ,v/v) lo 0.1S N 111S0,

Fcnous Sulphnte (FcS04, 2.5 g) was dissolved in 2S 011 of 0.15 N 111S0,. This solulion 

rnust be prepared fresh each doy.
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8. Trichloroacetic acid ( I 0 %  ,v/v)

Tnchloroncctic ncid (10 g) \YllS dissolved in distilled ,voter nnd mode up to 100 ,nl nod
sto� 0\ 4°C.

9. Stock Standard Solution (30 11111101/L)

Anhydrous potassium dihydrogen phosphate (4.083 g) ,vns dissolved nnd made up to I

litre with distilled \\ater containing 2 ml concentrated sulphuric acid. 

10. \Vorking Standard (0.12 mmol/L)

This \\llS mode by diluting stock solution I to 250 ,vith distilled ,vntcr (I ml • 4 µg 

phosphorus). 

PROCEDURE 

AMP (0. IS ml, IO mM) \\'iJS incubated ,vith 0.1 ml of 5 mM Tris KCI (pH 7.6) 

follo\\ed by 0.1 ml of 10 mM Mg Cb and 0.15 ml aliquot of Kidney homogenate (P1'1F) 

at J7"C for 20 minutes. The reaction ,vas stopped by addition of 0.5 ml I 0% (w/v) 

trichloroacetic acid nod the protein precipitate ,vns removed by centrifugation. 0.5 ml of 

supematnnt \\'85 added to 5.0 ml of ammonium molybda1e, then 0.2 ml of sodium 

acetate and 0.8 ml of ferrous sulph.ntc solution. The op1icnl density ,vn.s 1neasun:d at 

700 nm after shaking. 

s· - Nuclcolida.sc assay mediu111 

BJ_nnk Test Stnndard 

M1r Substrate 0.15 ml 0.15 ml 

1'1gC12 0.10 ml 0.10 ml 0.10 ml 

Tris buffer 0.10 ml 0.10 ml 0.10 ml 

Enzyme 0.1 S ml 0.15 ml 0.15 ml 

Product • 0.15 ml 

Tot.al 0.50 ml O.SO ml 0.50 ml

Substr.11e Y.'lLS added to blank after stopping the reaction and product ,,-ns added 

lo the standard after stopping tile re:iction
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J.7.1-' OETERMlNATION

ACTIVlTY 

100 

OF ASPART>\TE AMINOTRANSFERASE 

A,partntc aminotransferase (AST) activity \VDS determined follo,ving the
principle described b)' Reitman nnd Frankel (1957). 

PRINCIPLE 

a-Oxoglulllrate + L- o.spartnte AST L - glutrunole + Oxnloncetnte 

Aspartllte aminouansferase ,vas measured by monitoring the concentration of 

ou.loacctnlc hydrnzone formed \\'1th 2,4-dinitrophenylhydrazine. 

REAGENTS 

I. Buffer

Phosphate buffer 100 rnmol/L, pH 7.4 

L-a.spanate 100 mmoVL 

a-oxoglutarnte 2 mmol/L 

2. 2,4-dinitrophcnylhydrazine 2 mmol/L 

3. Sodium hydroxide 0.-l mol/L 

PROCEDURE 

BrieOy, 0.1 ml of diluted sample ,vas mixed \\•ith phosphate buffer (100 

mmoVL, pH 7.4), L-aspnrtnte ( I 00 mn10I/L). nnd a-oxoglutnrote (2 mn101/L) and the 
mixture incubated for exnetly JO minutes at 37°C. 0.5 n1I of2,4-dinitrophcnylh)draz.ine

(2 mmoUL} ,vas added to the reaction mixture nnd nllo,,cd 10 stand for exactly 20 
minute$ at 2s0

c. Then 5.0 ml of NaOl 1 (0.4 mol/L) ,vllS added ond the nbsorbanee rend

•l!Ainst lhe reagent blank nflcr 5 minutes 01 546 nm.
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AST ASSAY �IEDIU�I 

\Vavelength: 

Cu\'ctlc: 

Incubation Temperature: 

S46 run (5JO - SSO nm) 

I cm light path 

J7°C 

�1EASURE�IENT AGAINST REAGENT BLANK 

The follo\\ing \\'ere pipe11ed into test tubes: 

Stunple 

Solution I 

Distilled \Vlllcr 

Reagent Blnnk 

O.S ml 

0.1 nll 

san1plc 

0.1 ml 

0.1 ml 

The above ,vns mixed and incubated for exactly 30 minutes at 37°C 

Solution 2 0.5 mJ 0.5 ml 

IOI 

The reaction mixture \\'llS mixed on addition of solution 2 nnd nllo,vcd to slllnd for 

exactly 20 minutes DI 20 to 25
°
C

Sodium Hydroxide 5.0 rnJ 5.0 mJ 

The rca_ction mixture \\'llS mixed thoroughly on addition or sodium hydroxide and 

absorbancc or samples read against the reagent blank aOcr S minutes. 

CALIBRATION OF AST STANDARD ClJRVE 

Absorbancc U/1 Absorb:ince U/1 

0.02 7 0.10 J6 

0.03 10 0.11 41 

0.0-I IJ 0.12 47 

0.0S 16 0.13 S2 

0.06 19 0.14 S9 

0.07 23 0.1S 67 

0.08 27 0.16 76 

0.09 31 0.17 89 
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J.7.1S DETERMINATION OF Y·GLUTJ�1YLTRANSFERASE ACTIVITY

y-GlutamyllrUDSfcrosc (y-GT) octivity ,v:is detennincd follo,ving the principle 

described by S7Mt ( 1969).

PRINCIPLE 

L-y-glutnmyl-p-nitronnilidc + glycylglycine y-GT L-y-glutamylglycylglycinc

+ p-nitroaniline
REACEJ\'T 

Contents Concentrntions in the Test 
Substrate 

Glycylglycine 71.S mmol/1. pH 8.25

L- y-glutamyl - p- nitroanilide 126 mmol/1 

surfactnnlS 4 mmol/1 

PROCEDURE 

Briefly, 0.2 ml of diluted sample ,vas mixed ,vith 71.S mmol/1 Tris buffer (pH 

8.25), 126 mmol/1 glycylglycine and 4 mmol/1 L-y-glutarnyl-p-nitroanilide (final 

conctntrations) at 25°C. The initial absorbance \V3S read and tinier slD.r1ed 

simultaneously. The absorbance ,ws read again after I, 2 ond 3 minutes ot 405 run. 

y-CT A AV i\fEDI i\1

\Va, elc:nglh: 405 nm (400-420) 

Cuvcttc: I cm light J)llth 

T empcrnture: 37°C 

�feasurcment: Against air 

Pipcnc into cuvcuc: Macro Semi-micro 

Sample 0.20 ml 0 JO ml 

Re:igent (3 7°C) 2.0 ml 1.0 ml 

�pie "'OS mixed ,vith the reagent. lmmediotely, the ,nitlnl obsorbancc \\'OS rclld and 

the timer started simultaneously. Absort>ancc ,vns read ngoin oner I, 2 nod J minutes. 
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J.7.16 PROTEIN DETERMINATION

The principle ,vns based on Biuret re:iction as described by Gomoll ct al.

(1949). 

pRJNCIPLE 

The Biuret reaction involves a reagent containing copper (cupric) ions in 

nlkaline solution. �lolcculcs containing 2 or more peptide bonds associate \\�th the 

cupric ions 10 form n coordination complex thnl imparts n purple colour 10 the solution 

"ith Ama.x = 540 nm. The purple colour or the complex can be measured 

indc�dcntly of the blue colour or the reagent itself ,�th a specrropbo1ome1er or 

colorimeter. 
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REAGENTS 

t. Normal Saline (0.9% n·/,• NaCl)

NnCI (2, 7 g) \\'llS dissolved in distilled \\'Iller and made up 10 300 ml ,vith the same.This
was stored a t  4°C. 

2. Sodium Hydroxide (0.2 M)

NnOH (8.0 g) dissolved in distilled \\'titer and the solution mode up 1o O litre.

J. Stock Bovine Scrum Albumin (BSA, standard)

BSA (7.4 mg) dissolved in 0.9% NaCl and made up 10 100 mJ so thnt the finnJ

concentration gives 7.4 mg/100 ml.

4. Biurtl rcngcn t.

CuSO�.SH20 (3 g) and sodium potassium Ull1aratc (5 g) ,vcrc dissolved in 500 ml of

0.2.\1 NaOH. Potassium iodide ( I 00 mJ) \\11S added and the solution made up 10 a litre

\lith 0.2M NaOH. Potassium iodide \YaS added lo the reagent 10 prevent precipitation of

cu1· ions.

PROCEDURE 

Sample (I ml) \\'aS dissolved in 39 ml of 0.9% saline 10 give a I in 40 dilution. 

Biuret reagent (3 nil) ,vas added 10 2 ml of diluted sample. The mixrure ,vas incub3ted 

01 room temperature for 30 minutes after \\ hich lhe absorbance ,vas rend at 540 nm.

The protein content of sample \YDS cnlculated using BSA as standard. 

3.8 I-IIS'fOLOGY 

Kidneys from rots of nJJ the groups ,vcrc fixed in I 0% formaldehyde, 
dch}drated in graded alcohol and embedded in pnrnflin. fine sections ,vcrc obtained. 
mounted on glass slides and counter-st ained \ \ith hen1atoxylin-cosin (I l&E) for light
microscopic analyses. The slides 11ere coded nnd exan1ined b) n his1opntholog1s1 \\hO
was ignorant about the tre11trnen1 groups. Renol histological damage (tubular necrosis)
11'11.S assessed on a score previously described (f eixerin ct nl. 1982) os fol1011): ,cro (0) 

• no cell n�rosis; I mild usually single-cell necrosis in spn�e tubul�, 2 n1odcmte,

more than one cell involved in sp� tubules; 3• mnrked tubules c:<hibiting total
necrosis in almost every po\vcr field, 4• massive totaJ necrosis.
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J.9 11\' l'ITRO ANTIOXIDANT ACTIVITlf..S OF 1\-tETHANOLIC EXTRACT 

OF SC)VDEAN 

J.9.1 OETEllMlNATION OF TROLOX EQUIVALENT A1''TIOXJDANT 

CArACITV 

This ,vns carried out using on improved 2,2'-ozinobis (J-cthylbcnzothiozoline-6-

sulfonic acid) diammonium snit (AOTS) dccolourization nssoy (Re ct al.. 1999) os 

described by Neerghcen et al (2006). 

PRINCIPLE 

2,2'-azinobis (J-cthylbcnzothiazoline-6-sulfonic acid) diammonium salt 

(ABTS'') dccolourizntion test is a spectrophotometric method ,videly used for the 

assessment of antioxidant activity of various substnnces. The method is based on 

scavenging of the long-lived radical, AOTS·._ (generated by oxidation of ABTS ,,-ith 

polnSSium persulfate) by potential antioxidants. Trolox is used os reference swndard 

ond lhe antioxidant properties of these substances nrc expressed os trolox equivnlent 

antioxidant capacity (fEAC). 1l1e TEAC ussay is also used for mensurement of the 

totol antioxidant capacity of biological matrices such ns plnsn1a and serun1, such that all 

compounds, present in the scrum or plasma that an: nble to scavenge ABTS·' a.re 

detected as potential antioxidants. 

REAGENTS 

I. ABTS (0.5 ml\l)

This ,vns prepared by dissolving 27.4 n1g of ABTS (M\\'l. 548.68) in 0.1 M phosphate

bu!Ter and made up to I 00 ml ,vith same.

2. Potassium Pcrsulrntc (I mM)

Poll!Ssiurn pcrsulfnte (K2S206) (27. OJ mg) \\'llS dissolved in 0.1 M phosphate buffer 

and made up 10 I 00 ml ,vith snn1e. 

J. Phosphate buffer (0.11\1)

K1HP04 (4.96 g) and 9.73 g of Kl-'2P04 ,vcre dissolved in distilled \\nter nnd made up

to I 000 ml ,vilh same.

4. Trolox "'orking s111ndnrJ (1.0 n1cfo1I)

Trolox (10 mg) \\11.S dissolved i n  distilled ,voter and ,node up to 10 ml \\�lh srune.
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PROCEDURE 

Inc ADTS' rodicnl \\OS genero1ed by o rcnc11on bct,.,,ccn ABTS (0.5 mt.f) nnd I 

m\1 potassium ixrsulfote in O I �I phospha1e buffer. To 3 ml of lhc ABrs· solu1ion, 

o.S ml of the extract \\'35 oddcd ond the decoy in obsorbance ,vns follo\\cd for 6 minulcs

al 734 nn, Trolox ,.,,'tlS used ns n reference slnndord and TEAC volucs ,vcrc expressed

a.s µmol trolox cquivnlcn1. 

]:BOLOX CALIBRATION CURVE FOR TEAC 

This \\'llS prepared by rcncting 40-640 µmol of trolox ,vith ABTS' solution ns 

sho"n in the toble belo,v: 

TCSI 

tube 

I 

2 

3 

4 

6 

Trolox 

(µI) 

10 

20 

40 

80 

160 

Trolox 

(�1mol) 

40 

80 

160 

320 

640 

Buffer 

(ml) 

o.s

0.49 

0.48 

0.46 

0.42 

034 

(ml) 

3 

3 

3 

3 

3 
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J.9.2 DETERMINATION OF FERRIC llEDUClNG ANTIOXIDANT PO\VER

The method of detenninntion of ferric reducing nntioxidnnt po,vcr (FRAP) ,,'US

4d3ptcd fron, Ocni.ic Md Stroin ( 1996). 

rRINCIPLE 
The FRAP assny is n simple, nutomntcd test measuring the ferric reducing 

ability of compounds. This assay has been presented as a novel method for osscssing 
'antioxidllllt po"·cr' (Benzie and Strain, I 996). Ferric to ferrous ion reduction ot lo,v pH

causes the fonnntion of n coloured ferrous-tripyridylcriazine complex. FRAP vnlucs nrc 

obtained by contparing the change in nbsorbnnce. This assny is simple nnd inexpensive 

but does not measure the sulphydryl group-containing nntio:<ldnnlS (Cao and Prior, 
1998}. The antioxidant capacity of on antioxidant against a free radical does not 
necessarily match its ability to reduce Fe>• 10 Fc1

•.

REAGEl\'TS 
I. Acetate buffer (0.25 M, pH 3.6}
TI1is ,vas prepnrcd by dissolving 4.10 n,g of sodium acetate and 3.0 mg of acetic acid in
100 ml of distilled ,vntcr. The solution ,vos then made up to 200 ml mnrk ,vith distilled
water. pH \\'35 adjusted to 3.6 ml ,vith NaOH or HCI.

2. 2,4,6-Tripyridyllriazlne (fPTZ) (10 ml\1)
IP IZ (624.66 mg) \\'llS dissolved in about I 00 ml of 0.25 M ncctote buffer and mode
up to 200 ml ,vith s:ime.

3. Ferric chloride (20 ml\1)
This \\'aS prepnrcd by dissolving 1.0812 g of  ferric chloride (FeCIJ.6H10) in 0.2S NI

11ee1otc buffer nnd made up to 200 ml ,vith sonic.
"· rrepnr11tion of Flv\P reagent
FRAP reagent wns prepared by mixing 10 mM TPTl nnd 20 mt.ii ferric chloride in
0.25M acetate buffer (pH 3.6). Titis rtllgent ,\'llS prcpnrcd fresh just before 1l1e assay.
S. Ferrous sulpbntc solution (I 1111\I) (,,•orldng st:intlnrd)

This \\US prepared by dissolving 27.8 mg of FeS0�.71 hO in distilled ,vtner ond made

up 10 I 00 ml ,vith same.

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



107 

J.9.1 OETERl\11NATION OF FERRIC REDUCING ANTIOXIDANT PO\\IER

The method of determination of ferric reducing Mtioxidnnt po,,,:r (FRAP) ,ws 

adopted fron1 Ocn1.ic Md Stroin ( 1996). 

rRINClrLE 

The FRAP assay is n simple, nutomntcd test measuring the ferric reducing 

ability of compounds. This assay has been presented as a novel method for assessing 

'nntioxidllJll po\\-cr' (Benzie and Strain, 1996). Ferric to ferrous ion reduction ot lo,v pH 

causes the formation of n coloured ferrous-tripyridyluiazine complex. FRAP values ore 

obtained by comparing the change ia nbsorbnnce. 1l1is assay is simple and inexpensive 

but does not measure the sulphydryl group-containing antioxidants (Coo and Prior, 

1998). The antioxidant capacity of an nntioxidllJlt ngoinsl a free radical does not 

necessarily match iis ability to reduce Fc1• to Fe2
••

REAGENTS 

I. Acetate buITcr (0.25 M, pH 3.6)

1l1is ,,-.is prepared by dissolving 4.10 mg of sodium acetate nod 3.0 mg of acetic acid in 

100 ml of distilled \\'Iller. The solution ,vns then mode up to 200 ml ma.rk ,vith distilled 

water. pH ,,-.is adjusted to 3.6 ml ,vitb NaOH or HCI. 

2. 2,4,6-Tripyridyllriazinc (TPTZ) (10 m�I)

TPTZ (624.66 mg) was dissolved in about I 00 ml of 0.2S �t acetate buffer nnd mode

up to 200 ml ,vith same.

J. Ferric chloride (20 mM)

This ,vus prcpa.red by dissolving 1.0812 g o f  ferric chloride (FeCIJ.6H20) in 0.2S �t

OCCllllc buffer and mode up to 200 ml ,vith same.

4. l'rcpurntion or FRAP reagent

FRAP �:igent wns prepared by mixing 10 m�1 TPTZ nod 20 mM ferric chloride in

0.251.1 acct.ate buffer (pl I 3.6). This reagent ,vns prepared fresh just before the nssny.

5. Ferrous sulphutc solution (I ,n�l) (,vorking �tundord)

This \\115 prepared by dissolving 27.8 mg of FeS0�.71 liO in distilled \\":lter nnd mode

up to 100 ml \\ith same.
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PROCEDURE

The exunct (100-300 µg) \\'OS oddcd to 300 µI of dislilled 'w11lcr follo,vcd by 3 

ml or FRAP reagent. The absorbance ,vns read ot 593 run ofter 4 minutes incubation ol

ombicn1 1cmpcrnturc ogoinst o blnnk or distilled "'liter. Resulls ,verc expressed in µmol 

Fe (II). 

StandPrd Curve ror FJv\r assuy 

This ,vns prepared by mixing various conccntrolions of Fe (II) (100-500 �1g) 

\\1lh FRAP reogenl ns carried oul wilh the extract. I mM ferrous solulion conlllins 5.6 x 

1o·S Fc1·1 ml. µmol Fe1
• wns calculoted using lhc fonnula; mole = moss/molar mass.
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J.9J DETERM[NATION OF 1-IYOROXVL RADICAL SCAVENGING 

ACTIVITY BY INIIIDITION OF DEOXYllJOOSE OEGRA.0;\TION 

The hydroxyl radical (011') scavenging potcntinl of the extract ,vn.s dctennined 

using the dcox)•ribose nssny (Hnllhvell et al 1987; Aruomn, 1994n, 1994b) ns described 

by Nccrghccn et al (2006). 

PIUNCIPLE 

The dcoxyribose nssay allo,vs dctcm1inntion of the rote constant for reaction 
between an1ioxidnnts and hydroxyl radicals. This assay hns also been adopted to nsscss 
pro-oxidant nctions. 

In the 'deoxyribosc nssay', scavenging activity can be assessed by measuring 
competition bct,vccn the test compound ,vith deoxyribose for hydroxyl radicals 
(Hallhvell et al.. 1987). OH· rodicols are generated in a reac1ion mixture containing 
11SCOrbate, H202 and Fc3

• - EDTA at pll 7.4 (equations I and 2). The ascorbic ncid 
greatly increases the rate of OH' radicols generation by reducing iron and maintnining o 
supply of Fe2

' - EDTA (equation I). Ho,vever, oncfocts moy occur \\ith this test as 
some substonces can rapidly renct with hydrogen peroxide. Also po,verful iron­
chelotors cannot be used in this nssny os the con1pounds in1crfere ,vith the measurement 
produclS. 
Fc3' - - EDTA + nscorbatc Fe?* - EDT A + oxidised ascorbate (I)

Fe3
:.,_ EDT A+ OH·+ 01 r

- (2) 

REAGENTS 

I. KH1PO,- KOH (100 m I)

This wa.s prepared by dissolving t .361 g of KH2PO, (�I\, 1. I 36.09) ond 5.6 mg of KOi-i
in distilled \\'liter. The solution ,vas 1hc:n mode up to I 00 ml \\ilh distilled ,voter.

2. Dcoxyribosc ( 15 1111\1)

Dcoxyribose (201.2 mg) ,vas dissolved in distilled \\-Oter nnd n1ude up to I 00 ml ,vith

same 
3. FeCI, (500 �1 I)
FcCh (13.5 mg) ,vn.s dissolved in distilled \\'liter und made up 10 100 ml ,vi1h snrnc.
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.t. EDTA (I ml'\I) 

EDlA (292.3 1ng) ,vo.s dissolved in distilled ,,atcr nnd mode up to 100 ml "'th so.me.

5. Thiobarblturic acitl (I 0/4 ,v/v)

TOA (1.0 g) ,vns d1ssohcd in 0.1 M I ICI ond mode up to I 00 ml ,vith s:une. 

6. Trkhloro11cctic acid (TC/\) (2.8% ,v/v)

TCA (2.8 g) \\OS d1ssoh cd in distilled \\':lier nnd mode up 10 I 00 ml ,vith same. 

7. ll)drogcn pcro,itlc (10 n1�1)

This ,,us prep3rcd by dissolving 34.0 I mg of H201 solution in distilled ,v.iter and made 

up 10 100 ml ,vith srune. 

PROCEDURE 

Snmple (200-1000 µg) in I 00 µI of tlistillcd ,vuter \\'O.S nddcd to n solution 

contnining 200 µI KJhPO� - KOH (100 mM), 200 µI dcoxyribose (IS mM), 200 µI 

FeCIJ (500 µfvf) and 100 µI EDTA (I nu\l) in o test lube nnd nllo\\-cd to mil'.. Then, 100 

µI H201 (IO m�f) nnd I 00 �11 ascorbic ncid ( I nt�I) to 1n1tin1e the rcacllon. The renctioo 

mixture \\US incubated DI 37°C for I hour. At the end of the incubation period, I ml of 

1% "''' TBA \\'35 Ddded to each mixture follo\\cd by the addition of I ml of 2.8% ,v/v 

TCA. The solution \\'llS heated ,n a ,voter bath nt 80°C for 20 minutes to develop the 

pink coloured MDA-(TBA)2 ndduct. After cooling. the solution \\'OS centrifuged nnd the

absorbM!Ce of the supcrruitnnt measured DI 532 run ogninst distilled \\'liter as blonk. 

Results \\Cre expressed as the pcrcentngc inhibition of dcoxyribose degrndntioo. 
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3.9.4 DETERMINATION OF l,l-OlPHENYL-2-PICRVLTTYDRAZYL 

RADICAL SCAVENGING ACTlVITY 

The cffccl of the mc1hanolie ex1rae1 of soybcrul (MESB) on 1,1-diphenyl-2-

pitl')'lhydrnz>'I (DPPH') rndicol ,vns cs1imo1ed nccording to the method of Hntnno et al

(1988). 

rruNCIPLE 
The relo1ively stoblc I, l -diphcnyl-2-picrylbydrnzyl (OPPH") free rodical i s  used 

for nn1ioxidon1 nc1ivi1y n1ensuren1en1 of lipid soluble con1pounds. It is kno,vn that n 

freshly prepnrcd OPPH· solution exhibits a deep purple colour ,vith an absorption 

ma:<imum 01 517 nm. This purple colour generally fodcs/disoppears \\'hen on 

t1111ioxidant n1oleeulc con quench DPPH' (by providing hydrogen atoms or by electron 

donntion, conceivably via a free radical anack on the DPPH· molecule) ond convcn 

them 10 a bl�ched product (i.e. 1,1-<liphcnyl-2-hydraz.ine, or a subsli1u1cd 1111nlogous 

hydrazine), resulting in o decrease in obsorbrulce (Yamaguchi et al, 1998). The

disoppcnrance of the radical can be foUo,vcd spectropho1on1e1ricnlly and expressed as 

rndicol scavenging ability (Bondel et al .. 1997). ln1crprc1ation of the assay could be 

complico1cd if the absorption spectra of the 1cs1 compounds overlap ,vitl1 lhe DPPH 

spectrum (517 run) as earotcnoids (Norumo et al., 1997). 

REAGENT 

I. DPPH (I n1l\l)

DPPH ( 11.83 mg) ,,-as dissolved in methanol nnd n1odc up 10 30 ml \\ilh srunc.

PROCEDURE 

MESB (25-500 µg) in 4 ml of distilled \\'Iller ,vos odded to a methnnolie solution

or DPPII (I mM, I ml). The mixture \\'OS shaken and left to SUllld ot room temperature

for 30 minutes. The absorbance of the resulting solution "as measured

spcctrophoton,ctrically at 517 nm. Cotcchin (50 µg) \\'0.5 used os standard. The rndical

sca, cng,ng activit) (RSA) ,vos colculo1cd o.s pcrccn1ogc of OPPI t· diseolourn1ion using

lhc equation: 
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J.9.5 OETERl\11NATION OF INHIBITORY i\Cl'IVlTI' AGAJNST 2,2'· 

AZOBIS (2-M1lDINOPllOPANE) I--IYDROCI--ILORJDE • INDUCED 

LIPID PEROXIOATION 

TI,is ,,11S cruricd oul according 10 1hc mclhod described by Ncer&),een ct al 

(2006), 

rRJNClrLE 

Since 2,2'-nzobis (2-nmidinopropnnc) hydrochloride (MPH) is ,,-n1cr-soluble 

Md the role of free radical generation from MPH cnn be easily controlled nod 

measured, ii hos been extensively used as o free radical inilintor for biological studies. 

Th.crmal decomposition of AAPH ot physiological tcmperau.ue generates alkyl radicals 

\\hich can react ,vith oxygen and give olkylperoxyl radicals (ROO·). Alkylpcroxyl 

radicnls (RQO·) then attack polyunsaturated lipids initiating pcrox.idolion (Equn1ions I 

3). Lipid peroxidation products nre measured by thl! TBARS method described by 

Ncer&),een et al (2006). 

AAPH 2R' + N2 {I) 

R't 01 --+ ROO· + N1 (2) 

ROO ·  + L-H _... L· + ROOH (3) 

REAGENTS 

I. Phosphate buffer (0.1 M, pH 7.5)

This ,vas prepared by dis.solving 4.96 g of K1t{P04 nod 9.7J g of KH1PO. in 900 ml of

distilled \\'llltr and made up to J 000 ml ,,-ith some. The pH \\'85 adjusted ,vilh

concentrated HCI or NaOI I 10 7 .S.

2. 2,2'-nobis (2-amidlnopropnnc) hydrochloride (AAl'H) (20 mi\t)

This"� prepared by dissolving 54.24 mg of AAPII, lvl\vt. 271.20 in distilled \\'Iller

and mode up to IO ml ,vith same.

3. TCA-TBA-IICI Stock

This \\'ilS prepared by dissolving 15.0 g ofTCA and 0.375 g ofTllA in 0.25 N I ICI nnd

solution made up 10 I 00 ml ,vith some. 

-'· IICI (0.2S N)

The solution \\'115 prepared by dissolving 0.9125 g ofconccntmtcd IICI (density 1.18) in

distilled \\'liter and mnde up to I 00 ml ,vith same
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PROCEDURE 

Post-mitochondriol fraction (200 µI) of hvcr homogenate \\'US diluted in 0.1 t,,t 

po1m1um phosphate buffer. pit 7.S (I 1n 10 dilution) Then, 400 µI of e,1111c1 (100· 

1000 1111) "ns odded follo,,ed by 200 µI of MPI I (20 mM) 10 initiate pcroxidotion 

The mixture ,,us incubated 01 31'C for I hour and the solution gcotJy shnken at 10 

minutes interval. Aller incubation, 1.6 ml TCA-TBA-HCI stock solution (I SY. ,'1/v 

TCA, 0.375�� ,v/v TDA, 0.25 N HCI) ,vns oddcd. The solution ,vns heated in a boiling 

water bath for IS minutes. Aller cooling, the precipitotc \\'llS removed by centrifugation 

ru,d the obsorbnncc of  the resulting supemalllnt mcaswed at 532 nm Results \\/ere 

c.�prcsscd ns �rcentage inhibition of pcroxidation ,..,ith cotcchin used ns stondard.

J.9.6 DETER�O '�\TION OF I HIBITORY ,\CTIVITY AGAI ST 

Fc2•/ASCORDATE - IND CEO LI PIO PERO:\.'TOA TION 

This \\'llS carried out according to the n,cthod of 01ynshce nod Balnsubmmanian 

(1971) and thiobarbituric acid rcocthe substance (ll)ARS) estimated ns described by 

Varshne} o.nd Knie ( 1990). 

PRJ CIPLE 

It has been eslllblishcd that li,er homogenate contoins lnrge quantity of 

polyuns.lturated fart) acids (PUF A), v,hich are susceptible to lipid �rox.idation by free 

radicals and o,idants. usually b) hydrogen abstraction The Fc2'/nscorb3te system 

gmcrutcs ·011 mdicols and other non-specific free radicals. Aldchydes like 

malondialdehydc (MDA) and 4 -hydroxynoncnal (HNE) are produced ns a result of lipid 

peroxidation. TI1csc aldehydcs cspcciolly t,,101\ nre capable of re.icting "ith 

thiobarbituric acid (TOA) to form pink coloured complex that can absorb light ot 532

nm. The method of estimation of TSARS \\US ns described by Vnrshncy ond Knie
(1990) 

ltl..ACEN'r 

1.1 ri1 buffer (30 01 I, pll 7.4) 

Tris (181.65 mg) \\OS dissolved in so ml of distilled \\Otcr nnd pH "·os adjusted to 74

using conccntmted I !Cl or NoOH. 
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z. ferrous ammonium sulphalc (0.16 m1"1)

fc(NI l.i)l(S0�)1 (3.14 mg) \\'ll.S dissolved in distilled \\'liter and mode up to 50 ml \vith
same, 

J. Ascorbic acid (0.0 6 ml\1)

AsCOrbic ocid (0.55 mg) ,vos dissolved in distilled ,voter and made up 10 50 ml \\ilh 

S4JTIC, 

4. TBA (0.75% ,v/v)

TOt\ (0. 75 g) ,vas dissolved i n  0 .1 M HCI and mode up to I 00 ml ,vith same.

Dissolution ,,us focilitated by stirring in a boiling \\'llter bath.

S. TCA (30% ,v/v)

TCA (30 g) ,vns dissolved i n  distilled ,voter nnd made up to I 00 ml ,vith same.

PROCEDURE 

Liver homogenate fron1 rot \\'ll.S prcpn.rcd by removing liver immed iately afier 

sncrifice. The li\'er wns rinsed in ice -cold 1.15% KCI to remove blood stain, blotted and 

\\<tighed. The \\'eighed tissue \\'OS then hon1ogenil.Cd in 4 volumes of ice-cold 0.1 M 

phosphate buffer, pli 7.4. The reaction n1ixture containing 0.1 ml of liver homogenate 

in 30 mM tris buffer, 0.16 mM ferrous nmmonium sulphate, 0.0 6 mM ascorbic acid and 

different amount o f  the extract ( I 0-1000 µg), ,vns incubated for I hour at 37°C. TI1e 

resulting TBARS ,vus measured by the method of Varshney and Kale (1990). An 

aliquot (0.4 ml) of the reaction mLxlUJ'C ,vas mixed ,vith 1.6 ml of 0 .15 M tris-KCI 

buffer to ,vhieh 0.5 ml of30¾ TCA ,vos added. Then 0.5 n1l of0.75¾ TOA ,,'llS added 

and placed in a \\Ster bath for 30 minutes at 85 °C, aficr ,vhich it \\'!IS cooled in ice and 

centrifuged at room temperature for 3 minutes at 3000 g. The obsorbonce of the clear 

supernatant \\'OS measured against reference blank of distilled \\'Iller at 532 nm. 

' 
I 

••
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J.9.7 DETER!\1lNATION OF REDUCING PO\VER

115 

The reducing p0"'er of MESO "'OS determined occording 10 the method of 

0)1112.U (1986). 

PRINCTPLE 

Radical chain reactions could be tcrminntcd ,vhcn substonccs exhibiting high 

reducing tendencies dona1e electrons ,vhich con react ,vith fr� radicals converting them 

10 more stable products in the process. The principle of this assay therefore \\IUS based 

on lhe reduction of Fe3•tferricya.nide complex to the ferrous form, and the Fc2
• ,vas 

moni1orcd by mcosuring the formal.ion of Perl's Prussion blue al 700 nm (Chung et al.,

2002). 

REAGENTS 

I. Pbospb11tc buffer (0.2 M, pH 6.6)

This \\IUS prepared by dissolving 3.48 g of dipotassium hydrogen phosphate (K2 HP04) 

a.nd 2.72 g of potassium dihydrogen phosphate, (KJ !iPO,) in distilled ,va1er and the 

\'Olume made up to I 00 ml. The pH ,vas adjusted to pl I 6.6 ,vith NnOH or HCI. 

2. Potassium ferricynnide (l ¾)

K1Fc(CN)6 (1.0 g) 1,1,-as dissolved in distilled ,,11ter and mode up 10 I 00 ml ,vith same.

3. Ferric chloride (0.1 % ,v/v)

FcCIJ (0.1 g) v.-as dissolved in distilled ,vater and made up 10 I 00 ml ,vith same.

�-Tricbloroncetic 2cid (10% ,v/v)

TCA (10 g) 1,1,-as dissolved in distilled \\•nler ond made up to 100 ml ,,ith same.

PROCEDURE

Varying amounts of the extract (I0-800 µg) in 1ml of distilled ,vatcr "-ere 
mixed v.ith 2.5 ,nl of phospho1e buffer (0.2 M, pH 6.6) and 2.5 ml potossium 
frrricy1111ide ( 1 %). n,e mixture ,vas incubated al 50°C for 20 minutes A ponion (2.5

ml) of 100/, TCA ,v-.is added to the mixture ,vhich \\'US then centrifuged 01 3000 rpm for

10 minutes. The upper layer of I.be solution (2.5 ml) \VllS mixed "iith 2.5 ml of disullcd

wa1cr 11nd 0.5 ml of 0.1 % fcCIJ and the obsorbancc ,ws measured ol 700 nm. Increased

•bsorbance of the reaction mixture indicated increased reducing po,vcr.

•
• 
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J.9.8 OETERJ\11NA'flON OF NITRJC OXIDE RADICAL SCAVENGING

ACTIVITY 

The scavenging effecl of MESB on oilric oxide (NO·) radical \VO.S mco.surcd 

eccording to the method of Marcocci et al. ( 1994). 

pRJNClPLE 

The nilric oxide (NO') plays an important role o.s o physiologicol messenger 

(�1oncoda et al, 1991). NO is o very unstable, short holf-lifc go.s that is rapidly 
convened into the stnble products oitrote and nilritc (Palmer et al .. 1987). In this essay, 

nitric oxide, generated from sodium nitroprusside in aqueous solution at physiologicaJ 
pH, interacts \\rith molecular oxygen to produce nitrite ions. The resulting nitrite ions 
produced were measured by Griess reaction at 545 nm (Mnrcocci er al., 1994). This
in\olvcs the formation of a ehromophore during diazotization of the nilrite \vith 
sulph:lnilamide and subsequent coupling \Vith naphthylethylenedinmine 
dihydrochloride. 

REAGENTS l 
I. Sodium nitroprussidc (25 m1'1)
This \\'ilS prepared by dissolving 372.S mg of sodiun1 nitroprussidc, M\vt . 298.0
Olopkins & Williams) in distilled ,vater and made up to SO ml.
2. Griess reagent
This was prepared by diss1>1ving I g of sulphanilamide (Surcchcn1, Engllll\d) in 50 ml
of distilled water containing 0.1 g of naphlhylethylencdiorninc: dihydrochloridc (Alfa

Acsar, Lanes.) and 5.0 ml of H,P04 and finally made up to 100 ml v.itl1 distilled \\'Iller.
This brings the final concentration of sulpbnnilomide, nnphthylethylenediominc and
Hµ>Q4 to 1%, 0.1% and 5% respectively.

PROCEDURE 

MESB ( I 0-400 µg) wo.s nddcd in the test tubes 10 I ml of sodium nitroprusside 
solution (2S mM) and the tubes incubated at 37°C for 2 hours. An nliquot (O.S ml) of 
the incuoot1on solution was removed nod diluted ,vith 0.3 nil of Griess reagent (I% 
sulplwutwnidc in 5�0 I IJPO• nod o 1 % naphthylclhylenedia.mine dihydrochloride). The 
absoroonce of the chromophorc formed \\'OS immediately rend at S70 nm against 
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distilled \\11tcr ns blank ,vith catechin (50 µg) used os standard. Results ,vere c,xpressed

as pcrccntoge rodicol scavenging activity (RSA).

J.9.9 OETEM11Nf\TION OF SUPEROXJDE RADICAL SCAVENGING

ACTIVITY 

Tho effect of methonolic cxlroct of soybean (fvlESB) on the supcroxidc radical 

(O'i) production ,vas cvaJuotcd according to the n1e1hod ofNishikin1i et al. (1972).

PRJNCLPLE 

ln this QSSBy, superoxide radical (0°

0

1) \VUS generated in 8 nonenzymic system in 

lhc n:oction of reduced phcnnzine mcthosulfu1c (PMS) ond molcculnr o:-.-ygen. The 

gcncr.nion of o·· 2 ,vas measured by n1cans of spectrophotometric measurement of the 

product on reduction of nilrO blue tetrazolium (NBl). 

--- 0'2 + NBT 

llEAG£!\'TS 

I. Phosphate burrer (0.1 l\f)

NADII NAO' 

Product 

This ,1-as prepared by dissolving 4.96 g of dipotnssium hydrogen phosphate (K2 HPO,)

and 9.73 g of powsium dihydrogen phosphate (10l2PO,) in djstilled ,voter and the

1olume made up 10 1000 ml and the pH was adjusted to 6.5.

2. Phen:12.inc mctbosulrntc (P�IS) (60 111'1)

P�IS (0.54 mg) \.\-US dissolved in 0.1 M phosphate buffer nnd made up 10 30 ml ,vith

same. 

3. Nlcotin:imide Adenine Oinuclcotide, Reduced (468 111\t)

NADII (25 mg) ,,115 dissolved in O.IM phosphate bufTc:r {pll 7.4) o.nd mode up lo  75.8

ml 1vith same. 

4. Nilrohluc 1ctn11.olium (NllT) (I 50 µM)

NBT (10 mg) was dissolved in 0.1 t-1 phosphate buffer (pll 7.4) and mode up lo 81 3

ml 11ith same. 

•
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rROCEDURE 

Varying amount of MESB (10-200 µg) ,vns mixed in o test tube ,,iith o solution 

conu11mng 1.0 011 of 60 µM Pl'vlS and NADH (468 µ�1) in phosphate buffer (0.1 M, pH 

7.4) finnlly, 1.0 011 of 150 µM NBT in phosphate buffer ,vus added wid the rcnction 

mi�turc incubated nt ambient temperature for 5 minutes. The colour \\'US rend ol 560 nm 

against blnnk snn1plcs. Rcsulls were expressed as percentage radical sc.,venging acti,�ty 

(RSA). 

3.9.10 OETER.I\UNATION OF TOTAL PHENOLIC CONTENT OF 

r.1ETHANOLIC EXTRACT OF SOYBEAN 

The total phenolic content of MESB ,vns detem,incd nccording to the method of 

Tagll ti al .  ( 1984) ns described clse,,·hcrc by Yen el al. (200 I). 

REAGENTS 

I. HCJ (0.3%)

Concentrated HCI (0.3 ml, specific gra\lity I. 18) ,vas dissolved in mcthanol/,vatcr 

(60:40 ,•/v) and made up to 100 ml ,vith SWlle. 

2. N112COJ (28/o)

This \\'OS prepared by dissolving 2 g of Na2C01 in distilled \\'3ter and mode up to 100

ml ,,ith some.

J. Polin-Ciocaltenu reagent (50%)

Folin-Ciocalteau reagent (IO ml) \\115 dissolved in distilled ,voter nnd mode up 10 20 n1I

"ith same.

�. Ca tech in  (2 mg/ml)

This was prepared by dissolving 0.02 g of cotcchin in distilled ,wter and mode up to I 0

ml with same. The solution ,vas gently heated to focil11ntc dissolution.

PROCEDURE 

0.1 g of the extract ,,115 dissolved 1n S ml of 0.3�'o IICI in mcthanol/,,11tcr

(60:40, v/v). 11,c resulting solution (100 µI) ,vas oddcJ 10 2 ml of2<\o No2CO,. Aficr 2

minutes, SO% Folin-CiOClllleou reagent (100 1!1) ,,-as added lo the mixture, ,vhich ,,m

then lefi for JO minutes. Absorbnnce wns measured ot 7SO nm using o
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spccuophotometer. A standard curve ,vas prepared using catechln as standard. Total 

p1itnolic content of the extract \\115 therefore expressed as (+)-catccbio equivalents. 

J.10 STATISTICS

Results are expressed ns mean :1: standard error of mcnn (SEM). Differences 

t,et1,cen groups ,vcrc determined by onc-,vay analysis of variance (ANOV A) using 

SPSS soft\\"UJC package for ,vindo11•s. Post hoc testing \\'3S performed for inter-group 

comparisons using the [.east Significant Difference (LSD) test and p-value < 0.05 Y.'11S

considered significant. 
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J,11 PHVTOCHEMlCAL ANALYSIS OF SOYBEAN

J.11,I General Experimental Procedures

Solvenl<i used for extraction and chromatography ,vere redis1illed before use. 

Adsorplion column chromatography (CC) ,vas performed ,vith Kieselgel 60 (ASTM 

70-230 mesh). Gel permeation \VOS achieved using Scphadex LH-20. Reversed phnse
liquid chromatography (LC) ,vns accomplished ,vith RP-18 (size B, 40-63 mm, E. 

merck). Thin Layer Ch.romatography (TLC) analysis ,vas done using analytical silica 

gel 60 GF254.166 pre-coaled aluminiun, backed plates (?vlerck, 0.25 mm thick). 1l1e 
resulting spots on TLC plates were visualized under UV ligh1 (2-54 nm) and detected by 
the use ofvnnillin/H2S04, H2SO�, ferric chloride and DPPH spray reagents. 

3.U.2 Antioxidnnt Test

J.J I.]. I TLC autographic analysis (Qualitatil•e)

A small amount of the sample ,vns dissolved in little amount of meilinnol and 
sponed on silic.i gel sheet and de,·cloped using o suilllble solvent system. This ,vns 
sprayed ,,;th 0.2% methanolic solution of the stable radical dipbcayl picryl bydrozyl 
hydrate (DPPH). Only woes ,vhere the colour turned from purple to yello,v ,vithio the 
fint fifteen minutes after spraying ,vere positive results established (i.e. possess 
antioxidant activity). 

3.11.3 Phenolic Test 
A mcthanolic solution of ferric chloride (5 g in I 00 ml) \\'llS prcpnrcd. This ,vns 

used 10 spray the developed TLC plate. Only spots or zones that turned blue-black ofter 
spraying \\Cre regarded os phenolic compounds. 

J,11.-1 Extraction and Solvent P11r1itioning or oyhcnn (Glyci11t 111ax)

The dried po,vdcred seeds ( 1 kg) ,,ere cxtroctcd ,vith 3 Iii res of nbsolutc mclhonol

(MeOH) (x3) ond the pooled cxtroct ,vas conccntn11cd to dryness In vacuo on n rol8.f)

evaporator. The crude methnnolic extroct \Ytu. coded SB About 80 g of 1his \\M

SUSpcndcd in disilllcd ,voter ond parutioned ,vi1h n·hc,ane, c1hyl oce101e ond 11-bu1nnol

SUcccssivcly ,vhJch \\ere in tum concentrnted 10 dryness (11 vacuo on a rou,ry e,·oporntor.

The: n-hexane, ethyl acetate and n-buLMolic fmcuons ,,ere coded S81 IF, S£3EF and S8£3F

ICSpcctively. 
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J.11.5 Fraction:ation of SBEF on open coh11nn Cbromotography

111c ethyl nce1nte fraction SllEF (S g )  \VOS adsorbed unto silica nnd ollo,v4:d 10 dry 

before packing on to column. The column '''llS ,vc11ed ,vith 11-hcxnnc and gradient elu1ion 

effected ,vi1h the following solvent/ solvent mixtures: 

Hexane 100% 300 ml 
Hexane - ethyl acetate (70:30) 500 ml 

Hexane - ethyl ncelllte (60:40 ) 4 00ml 

Hexane - ethyl acetate (SO:SO) 600ml 

llcxnnc - ethyl acctalc (40:60) 200ml 

Hc�anc - ethyl acetate (2 0:80) 100 ml 

Ethyl acetate 100% 100 ml 

Ethyl acetate - MeOH (90: I 0) 200 ml 

Elhyl acetate - MeOH (80:20) IOOmJ 

Elhyl acetate - �1e0H (70:30) 100 ml 

Fractions coUcctcd were analysed by nc in 100¾ ethyl ocelatc, ethyl ocetate: 

methnnol (8.5:1.S v/v) and dichloromcthanc : ethanol (7:3 v/v). 111c resulting spots on 

TLC plates ,vcrc visualized under UV light (254 nn1) and detected by the use of 

\111UllinfH1S04 and lhe active compound(s) ,vere detected using DPPH spray reagents. 

Fractions having the same TLC pauems were bulked together, concentrated in vacuo 10 

di)'Tless and ,veighed resulting in seven different fractions coded SBEFI. SBEF2. SBEFJ, 

SDEF4, SBEFS, SBEF6 ond SBEF7. 

3.11.6 Prncrionurion of SOEF5 on Scpb:idcx LI 1-20 

Fraction SBEFS (45 0 mg ) ,vus dissolved in a minimum amount of 

dichloromclhll.nc-melhllnol (70:30 v/v ) and loaded on n Sephodcx LI 1-20 column 

previously equilibrated wilh the same solvent mixture. Elution ,vos corned out using 

the follo\ving solvent mixturcs: 

DichJoromelhMc - methanol 

DichlorometlUllle - methanol 

(70:30) 

(60:40) 

400 ml 

300ml 
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Fractions collected ,vere analysed by TLC in dichloromelhnne : ethanol (7:J 

,fv), octive cornpound(s ) ,vere detected using OPPH spray rcngcnts and fractions 
lul\ing the srune TLC patterns ,vcrc bulked together, concentrated /11 ,•ac11o to dryness 
and weighed resulting in four different fractions coded SDEFSn, SBEFSb, SBEFSc, 

SOEF5d nnd SDEFSc 

3.11.7 Fractionation of SBBF on open colun1n Chro1na1ogropby 

Fraction SBBF (5 g )  ,vns ndsorbcd unto silica and allo,ved to dry before pocking 
on to column nnd fractionated on silica using the follo,ving solvent/ solvent mixtures: 

Hexane 100% 200 ml 
HeXlllle - ethyl acctnte (80:20) 200ml 
HeXlllle • ethyl acetnlc (60:40) 200 ml 
Hexane - ethyl acetate (40:60) 200 ml 
Hcxonc • ethyl acetate ( 20:80) 400 ml 
Ethyl acetate 100% 400 ml 
Ethyl acetate - MeOH (90:10) 400 ml 
Ethyl acetate - MeO H (80:20) 800ml 
Eth}I acetate- MeOH (70:30) 200 ml 
Ethyl acel3te - MeOH (50:50) 200ml 
Ethyl acetate - McOH (30:70) 200ml 

Fractions collected ,,·ere nnal)sed by TLC in ethyl ocetntc: metlulnol (8.5:1.5 
,tv), active compound(s) ,vcre detected using DPPH spray rcngents and fractions 
having the same TLC pallems ,verc bulked together, concentrated in vacuo to dryness 

and weighed resulting in five different frncuons coded SBBFo., SDDPb, SODFc, 
SBBFd, and SBDFe.

3.IJ.8 Fractional ion of SOOP 00 Reversed phase Llc1uhl Chrornnlography (LC)

Fraction SDDFd (700 mg) WllS ndsorbed unto RP-18 silico and allo\\'cd 10 dry 
btron: Jlllek,ng on 10 column. The column ,,115 ,,eucd ,,11h 75% H10 in ethanol (EtOII)
IJld gradient elution effected ,vith the follo1ving sohcnt f solvent m1,1ures. Elution 1vos
tarried out using the following solvent mixlurcs:
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H20-EtOH (75:25) 100 ml 
1110 - EtOH (60:40) 100 ml 
lhO-EtOII (40:60) 100 ml 
H20-E10II (25:75) 100 ml 
H20-EtOH (I 0:90) 100 ml 
EtOH 100% 150 ml 

Fractions collected ,vere analysed by RP-18 nc using the solvent system ,va1er -

EtOH (7:4 v/v) and the active compound(s) ,verc detected using OPPH spray reagents 

and fractions having the same TLC pn.rtcms \\·ere bulked together, concentrated in vacuo

lo <hyncss and \\'eighed resu.lting in four different fractions coded SBBFdl ,  SBBFd2, 

SBBFd3 and SBBFd4. 

3.11.9 Fr11ction11tioo or SODFd2 on Sephnde.x LH-20 
Fraction SBBFd2 (270 mg) ,vas dissolved in n minimum a.mount of 

dichloromethane : mcthnnol (70:30 v/v) and loaded on n Sephadex LH-20 column 

previously cqwlibrutcd ,vilh the same solvent mixture. Elution ,vas t.'.UTied out using 

lhe folJo,ving solvent mixtures: 

Dichloromelhnne -methanol 

Dichlorometho.ne - methanol 

(70:30) 

(60:40) 

400ml 

300 ml

Fractions collected v.'Crc annlyscd by TLC in dichloromethnne : ethanol (7:3 
vi,), active compound(s) \\"Cre detected using DPPH spray reagents and fractions 

ha,·ing the same TLC pauems \\ere bulked together, concentrated in 1•ac110 10 dryness

and weighed resulting in four different fractions coded SBOFd2n, SBDFd2b, SOBF'd2c, 

SBBFd2d 1111d SBDFd2c 

3.1 I. 10 Fr:ictionaHon of SDDPb on Reversed Phnsc Llqultl Chron1111ogr11ph)• (Lq
Fraction SBBFb (520 mg) \\'!IS adsorbed unto RP-I 8 silica nnd ollo\\-cd 10 dry 

before packing on to column. The column ,vns \\Cited ,Yith 80% •'10 in EtOI I and
&rad1ent elution effected with the following solvent I solvent mixtures. Blution \\11S

carried out using the following solvent mixtures: 
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U10- EtOl-1 (80:20) 100 ml 
U20-Et01 I (60:40) 100 ml 
lhO-EtOII (40:60) 100 ml 
H20-EtOH (30:70) 100 ml 
H20-EtOH (I 0:90) 100 ml 
EtOH 100% 100 ml 

Fractions collected ,vere analysed by RP-18 'fLC using tlie solvent system ,vater : EtOH 

(7:4 v/v) and the active compound(s) ,vcre detected using DPPH spray reagents and 

fractions having the same TLC patterns \\-ere bulked together, concentrated in ,·ac110 to 

dryness and ,veighed resulting in four diITcn:nt fractions coded SBBFbl, SBBFb2, 

SBBFbl and SBBFb4. 

3.11.1 l Fractionation of SBDFb I on Seph:11.le:,; LH-20 

Fraction SDBFbl (210 mg) ,vns dissolved in a m1n1mum amount of 

dichloromethane : methanol (70:30 v/v) and loaded on a Sephadex LH-20 column 

previously equilibrated ,vith the same solvent mixture. Elution ,vns carried out using 

the follo,,ing solvent mixtures: 

Diehlorometh.anc -methanol 

Dichloromethane -methanol 

(70:30) 

(60:40) 

300 ml 

200 ml 

Fractions collected ,,·ere analysed by TLC in dichloromethnne : ethanol (7:3 
v/,'), active eompound(s) ,verc detected using DPPH spray rcogents and fractions 

having the same TLC patterns wen: bulked together, concentrated in ,·ac110 to dryness 
and ,,-cighed resulting in four different fractions coded SDDFb2o., SBDFb2b, SDDFb2e 
and SBBFb2d. 
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EXPERfl\1ENTS ,\ND RESULTS 
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,ti EXPERll\tENT 1: EFFECT OF Tiffi l\ffiTHANOLIC EXTRACTS OF 

SO\'DEAN ON GENTAJ\IICTN-INDUCED RENAL DYSFUNCTION 

AND INJUR\' 

INTRODUCTION 

Aminoglycosides hnvc long been one of the commonest causes of drug-induced 

nepbrotoxicity and account for nearly I 0-15% of drug toxicity (Kumar et al., 2000). lo 

fact, they nre one of the principnl causes of bospitoJ-ncquired ncutc renoJ failure. 

Although a clear recognition of the patient o.nd treatmcnt-relotcd risk factors, combined 

\\ith oncc-a-doy schedule nnd effective monitoring procedures, hove improved the 

situntion over \Vbnt prevailed in the early I 980s, the safety of the aminoglycosides still 

compares less to that of the other brood-spectrum antibiotics. 

Ocntamicin is an aminoglycoside antibiotic that is still commonly used in the 

treal.mc:nt of life-threatening infections due to gram-negative organisms (Ali et al ..

2005). HO\\'Cvc:r, about 300/4 of patients treated \\ith this drug for more than 7 days 

show some signs of nephrotoxieity (Atessahin et al,, 2003), and this side cfTect and 

other complications that arise from the use of this drug lin1il its clinical usefulness. 

Severol clinical and experimental strategics have bcc:n c:mployc:d lo reduce or 

protect against genuuniein-induced renal dysfunction and injury. Most of the attempts 

to reduce gentamicin nephrotoxicit) without compromising the o.ntibnctc:riol oction 
have been met \vith little success. Chongcs in the s1ruc:1ure of the am1noglycosides 

cause loss of antibacterial effect (Ali ct al , 2005). Tiu:rc is therefore o need for senrch 
for cfTcctive, safe nod prncticoJ agents that can reduce gcntrunicin ncphrotoxicity 
\\ilhout compromising its efficacy ns o.n nntibnctcrial agent 

Based on the findings thot gen1amic1n fonns complexes \\<ith 111ilochondnol Fe1'

to catalyu the fonnation of free oxygen rndicols, iron chela1ors \\Crc 1c�1cd ond \\'Crc

pro,cd 10 be crrective in the prevention of nm1nogl>cos1dc-induccd 01010>.1c11y (Song et 

al. 1997). Extension of this finding to ncphrotox1ci1y nppcars to be po�sible 
(Parlakpinar er al., 2005), but biophysicnl ond biochemical considerations (Priuska and
Schacht, J 997), suggest that the protective efTcct of deferroxrurunc moy be cnttcolly 

dependent on the dosage of gentamicin. Other compounds "'ere olso used on account of 
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their ontioxidant elTects, but the mechnnisrns have not ahvnys been unambiguously 

dlllblishcd. Means of protection based on o correlation of the functional abnonnalities 

or on on increase in cell regeneration capabilities hove also been attempted, but no 

clinical application hos so for been made (l'vlingcot-Lcclcrcq and Tulkcns, 1999).

Flavonoids continue to dro,v attention os possible, very useful 1.hcrapcutic agents 

for combating pathologic Sillies associated ,vith free radical production (Lopez-Velez el

al., 2003). The role of dietary navonoids in the prevention of several chronic diseases 

has been the subject of intense research interest and the soy phenolics have been the 

focus of particular anention (Omoni and Aluko, 2005). Funhermore, there is increasing 

evidence that dietnry phytocstrogcns present primnrily in  soybeans as isonavones have 

a beneficial role in chronic renal disease (Ranich et al., 200 I). Nutritional intervention 

studies have sho,vo that. consumption of soy-based protein reduces proteinuria nnd 

ancnuates renal functional or st.ructural dnmogc in animnls and humans ,vilb vurious 

forms of chronic renal disease (Ranich el al., 200 I). 

To the best of our kno,vledge, the influence of soybean and ilS products on 

gentamicin toxicity have not been investigated. In this study, the possible protective 

effect of the methanolic extrocts of soybean (l\,fESB) in o rut model of gcownicin­

media1ed nephropathy \\115 examined, an a11empt airned at identifying agents \vith 

antioxidant property that could protect the kidney fron1 undesirable side effects and 

improving the therapeutic indices of the aminoglyeoside antibiotics. 

PROCEDUllE 

Albino rots of the Wistar strain ,,eighing between 1 10 and 275 g ,vere used io 

this study. Rats ,vcrc randomly divided into five groups of five animals each. Group I 

(c-0ntrol) received oormnl snline (0.9% NaCl) subcutaneously (s.c). Rots in group 11 

�civcd gcntamicin (80 mg/kg/ doy, s.c). Groups Ill and IV received 500 ond 1000 

mg/kg/da) MESO orally. respectively, ond nfler I hour, gentomicin (80 mg/kg, s.c.) 
\\'US administered. Group V was treated ,,ith MESB alone (1000 mg/kg/doy, ornlly). All 
llcatmcnts were given for 12 dnys. On the 12"' doy, oflcr treatment, rots \\ere sacrificed 
by cervical dislocation and disscc1ed. Olood sa.mples \\Crc collected by eo.rdiopuncturc 
in10 hcp:inniz.cd tubes for dctenninotion of plasma conccntrutions of crcotininc, blood

\Itta ni1rogcn (BUN), No• ond K• ions. Kidneys v.ere ln1media1ely rcrno\'ed ond a 

portion cut and fixed in I O"/o fonnoldchydc for histology. The remaining ponion \\'OS

rinsed in ice-cold 1.15% KCI, blo11ed and \\eighed nus was then minced \\ith M:issors 
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in 3 volun1es or ice-cold I 00 mNI potassium phosphn1e buffer, pli 7.4 nnd 

homogenized. The ho1nogcnates ,vere Inter cenLrifuged nt 12,500 g for 15 minutes 01 

4fC ond the supematants, tenned the post-mitochondrinl fructions (PMF), ,vere 

nliquo1cd ond used for the enzyme assnys. 

i 
I 
• 
• 

I 
I 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



RESULTS 
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Figure I A: Effect of mclh.onoljc extract of soybenn (MESB) on plnsmo 
crentinine of oonnaJ nnd gcntomicin (GM)-treared ralS

•p<0.001 \vhcn compared \vith control; ••p<0.001 \Vhcn compared \\ith GM
group.
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Figure I B: Effect of melhllnolic cxLrncl of soybean (MESl3) on blood urcn 
nitrogen (DUN) of normal and gentnmicin (GM)-1rco1cd rnts. 

'p< 0.01 \\hen compared \vilh control. "p<0.01 \\'hen c:on,pared \\'Ith GM 
group. 
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Figure IC: Effect of methnnolic extract of soybean (MESB) on plnsmo sodium 
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Figure ID: EfTcct of mclhMolic c:<troct of soybcnn {MESl3) on plasmn 
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Tobie IA: Effect of methanolic extract of soybcM {MESB) on normnl and gcotamicin 
(G1'f) • induced changes in reduced gluuilhiooe (GSH) level nod glutalhiooe-S­
uunsferasc cosn activity. 

Trcotmcnl 
Group 

Conrrol (saline) 

GM (80 mg/kg)

1'tESB (500 mg/kg)
+ 

G�I (80 mg/kg)

1'1ESB (1000 mg/kg)
+ 

GM (80 mg/kg)

Blood GSH
(µg/mg prorein) 

0.89±0.08 

0.28±0.07• 
(68.5)' 

o. 97:1,0.07 • • 
(-246.4)b 

0.03±0.02 • • • 
(89.3)b 

MESB ( I 000 mg/kg) 0.67*0. l 7 
(24.7)' 

Renn! GSI I 
{µgig kidney ,,1) 

7.9±1.4 

1.3:!,0.4· 
(83.S)' 

3.7:!,0.9" 
(-184.6)b 

3.4±0.9" 
(-161.S)b 

1.s:1,0.4•
(81.0)0

GST activity 
(nmol/g kidney ,vt) 

2.80±0.18 

1.23:0.22• 
(56.1 )' 

1.78*0.l5 
(-44.7)b 

2.33¼0.3-r+ 
(-89.4)" 

3.43±0.45 
(-22.S)' 

Values are expressed ns mean± SEM for five rats in each group. 
'p<0.001 ,vheo compared v.tilh control; ••p<0.001 and •••p<0.02 ,vhen con1parcd 
1vith GM group; •p<0.01 and "p<O.OS ,vhcn compared ,vilh control ond GM group 
respectively. Vo.lucs in parenthesis represent% change;(-)"' increase;{+)= decrense 
<•)-,,o change relative to control; C)l % change relative 10 GM. 
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Tobie 18: Effect of methnnolic ex1.roc1 of soybean on nonnol and gcnltlmicin (OM) -
induced changes in superoxide dismutnse (SOD) activity in rat. 

TrtlllmCOI Blood SOD' Renal SOD' Renal CATY 
group 

ConlrOI (saline) 13.4±3.3 29.2:!:7.8 8.7±1.8 

GM (80 mg/kg) 6. 7:1:4.1 • 25.0±4.8* 6.0±0.5 
(50.0)" 

t.rESB (500 mg/kg) 
( 14.4)0 (31.0) 1

+ 8.4±4.8 27.8±5.6 6.7±1.8 
GM (80 mg/kg) (-25.4)b

{-I 1.2)b (-11.7)b

t.lESB (1000 nlg/kg) 
+ 13.3±8.2' 33.3±16.71 11.7±3.2' 

GM (80 mg/kg) (-98.S)b (-33.2)b (-95.0)b

t.lESB (1000 mg/kg) 13.4±3.3 23.3±4.1 10.0±1.4 
(O)" (20.2)1 (-14.9)1

Vnlucs arc cxpl'C5scd as mean± SEl\1 for live rats in aich group. 
'Activity expressed ns units of enzyme required 10 inhibit outo-oxidotion of adrenaline 
to adrenochromc. I unit of SOD activity ,vas given as the amount of  SOD necessary 10 
cause 50% inhibition of the outooxidation of adrenaline to odrcnocbrome. 
1 Acth•ity expressed os µmol H201 consumed/min/mg protein. 
'Significantly different from control (p<0.05); 'Significnnlly different fron1 OM-treated 
rats (p<0.05). Values in parenthesis represent% change;(-)• increase;(+) = decrease 1'1% change relative to control; ll>> % cbnngc rclolive to GM.
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Table IC: Effect of n,cthanolic extract of soybcon on gcnlamicin (GN()-induccd 
changes in glucosc-6-phosphatase (G6Pase) and 5'-Nuclcotidnse (5'-NTD) activity in 
mt kidney. 

T�3tmcnl 
group 

Control (saline) 

or-1 (80 mg/kg) 

11-IESB (500 mg/kg) 
+ 

GM (80 mg/kg) 

�IESD (1000 mg/kg) 
+ 

or-1 (80 mg/kg) 

l\ffiSB (I 000 mg/kg) 

G6Pnse 
(mmol/g protein/min) 

113.23:J:5.4 

109.68±4.2 
(3.1 )1

112.64::1::3.1 
(-2.7)b

91.98±5.1•• 

(16.l)b

85.88±2.6· 
(24.2)0

5'-NID 
(mmol/g protein/min) 

150.94±20.6 

146.63±6.3 
(2.9)1

141. 74::1::8.5 
(-3.J)b

132.18::1::7.1 
(9.9)b

131.42±6.1 
(12.9)1

Values arc expressed ns mean± SE�-1 for five rots in ench group. 
'p<0.01 and ••p<0.05 \\•hen compared \vith control and GM-only group respectively. 
Values in parenthesis represent% change:(·)• increase;(+)• dcercnse 
(1)% change rclali\'e lo control; <'>% chDJJge relative to GNI. 
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Tobie ID: Effect of mcthnnolic extract of soybean (MESB) on gentnmicin (GM) • 
induced changes in y-glutamyltransferase (y-GT) and aspnrtate nrnino1ransferasc (AST) 
11c1i, i1y. 

Trt3tmcnt 
group 

Control (saline) 

GM (80 mg/kg) 

�!ESB (500 mg/ks)
+ 

Gt-1 (80 mg/kg) 

t-1ESB (1000 mg/kg) 
+ 

Gt. I (80 mg/kg) 

�IESB (1000 mg/ks) 

y-GT activity 
(uni1s/n1I) 

5.39±-0.9 

2.16±0.4· 
(59.9) 

2.89±0.3 
(-33.8) 

3.99±0.8·· 
(-84.7) 

5.36±0.2 
(0.6) 

AST activity 
(units/ml) 

1.45:!:0.07 

1.26±0.04 
( 13.1) 

1.41:1:0.05 
(·I 1.9)

1.43:1:0.05 
(-13.5) 

1.43±0.04 
(1.4) 

Values are expressed as mean± SEM for ft,e rats in each group. 
*p<0.02 and ••p<0.10 ,,•hen compared ,vith control and GIVl-only group respectively.
Values in p;1n:nthcsis represent% change;(·)= increase;(+)• decrease
''1% change relative 10 control; (l,) % change relative 10 G�I.
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Figure IE: E1Tec1 of n1c:lhanolic extract or soybean (lvlESB) on plnsmn nnd post­
mitochondrinl fraction (PMF) 101.111 protein concentrations or normnl nnd 
genlllinicin (GM)-Lrentcd mis 

• p<0.05 \\ hen compared \\ith GM group.
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Figure IF Sccuon oflJdne) from rot 1ri:.11ed \\ith normal soJinc (control) 
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Figure IG: Section ofl1dncy from ro1 Lrcotcd ,,11h &cnuim1c1n (80 mg/lg. s c dn1I) for 
12 days). Section sho,,s scvcrc/moss1vc tubular nccrosi� with deposition of collo1d 
cnsts ,vi thin tl1c tubular lumino Tobi.lies shO\\ 1ng necrosis UNIV
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Figure 111 Section of l.idnC) from ral LtcatcJ ,..-11h met ho.no he c,tract of '\O) bean (500 
mg/kg. p.o.) plus gentaniicin (80 mg/l-i;. s c ) Jail) lor 12 da}\ 'iccuon ,ho"s n1ild 
tubular necrosis" itl1 some of the tubules conui,n,nll collo,J c�ts 

--- Tubules shoY.ing necrosis 
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Figure II. Section or kidney from rat treated ,v11h mcthunolic extrnct of SO) beon ( I 000 
mg/leg, p.o.) plus gentamicin (80 mg;kg, s c.) doily for 12 do)�- Sccllon \ho\\"S 
moderate tubular necrosis \\1th some of the tubul..� cont,11n1n� 1:0ll01tl 
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Figure IJ Secuon ofkidnc) from rnt tr�ted ,vith 1000 mg/kg oral dose of the

mclhD.nohe extract of soybcM daily for 12 da)S Sc:cuon shows some mild tubular

attrosis. 
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Slm••ry of Pho uni crograph of rit k ldney section (X400). A. COncrol (normal saline) rit kidney section. 8 Gentaislcln treated (80�g/kg)
g��up showing severe tubu1ar necrosis. c. Genta,,, ctn (80,,g/kg) plus soybean 
(,vO:,g/kg� treated group with tubules showing ffll1d to OIOder3te necrosis. 
D. Genca.m1cin (80mg/kg) plus soybean (lOO()mg/kg) creited group with IIIOderacc
tubular necrosis. E. soyt>ean ( 100(),lg/kg) treated group w1 th 1'!111 d tubular necrosis. 

Indicate some of the tubules showing necrosis. 
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The e1Tec1 of gentamicin treatment on rcnnl function tcst is illustrntcd in Figures 

1 A 10 ID. GenLnmicin produced II significant incrcnsc in plasma crcntininc (p<0.00 I)

and BUN (p<0.01) concentrations nod n moderate incn:ase in plasma Na� ion ,vith mild 

depiction in K• ion concentration \\•hen con1pared ,,1th the control rats. Pretreatment 

with �!ESB significantly improved renal function in the gentrunicin-treated rots. 

Genuunicin-induced elevations in BUN decreased by 76.5%, 76.6% nnd crentinine by 

78.6%, 77.7% following treatment ,vith 500 nod 1000 mg/kg MESB respectively 

(p<0.05). The larger dose ( I 000 mg/kg) of lhc extract, ho\\'cvcr, did not seem 10 offer 

heller protection ngninst gentnrnicin toxicity ,vhcn compared with thnt of the lov,er (500 

mg/kg) dose. 

TI1c rcsull on tot.Ill protein is sho,,11 in Figure IE. Treatment \\•itb gcntnmicin 

was associated ,vith a decrease in renal but not plasma total protein concentration in 

,,hich an increase ,viis observed. These changes ,\ere ho"•ever not significant \vhen 

compared ,,ith the control. MESB prevented the decrease in renal total protein and also 

restored the plasma 101.31 protein towards the control values in the geniamicin - treated 

rats. MESB alone did not significantly affect botJ, renal and plasma total protein 

concen1r.11ions, allhough a slight increase was observed in the former. 

Table I sho,\-S the effect of gcntamicin administration on blood and renal GSH 

le'l'els o.s \\"CU as on GST activity in the kidney. GNI - induced acute renal failure ,vas 

associated ,vith significant decrease in GSH level by 68.5% in the blood (p<0.001) and 

by 83.5% in the kidney (p<0.01) ,vbeo compared with control. Pretreatment ,vith 500 

mg/1,.g MESO. ho"•evcr, signifitru1dy prevented the gcntamicin - induced depletion by 

increasing GSI I levels by 246.4% (p<0.001) and 184.6% (p<0.05) in blood nod kidney 
rcspccthely. MESB 01 n dose of 1000 mg/kg nlone produced a slight decrease (by 

24.7%) in blood GSl-1, but significantly reduced renal GSl-f by 81.0% (p<0.01) ,vhen 

compared \vilh control. There \\-as further depletion in OSI I le,el in the gcnlnrnicin plus 
�1ESB (1000 mg/kg) group both in the blood and in tJ1e kidney. 

Gentamicin u-eaunent significantly decreased renal ncuvit} or OST by 56.1 o/e 
(p<0.01) in the rnts. MESB \\hen administered at 500 and 1000 1ng.lkg,'doy doses
significantly increased renal GST activity by 44.7o/e nnd 89.4% respectively in the
gcnuunicio . ueatcd nus (Tobie I A). MESB { I 000 mgll.g) alone increased renal ncti, ity

or OST by 22.5'l'o relative 10 control 

The clumg� observed in \vhole blood SOD ns \\ell o.s renal SOD nnd CAT 

ectivilies arc recorded in Table I B. The extroct dose dcpenden1ly prevenlcd gentnmic1n 
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. induced decn:nse in SOD (both in the blood and in the kidney) and renal CAT 

oc1ivi1ics of rots. �IESB significan1ly auenunted the gentrunicin - decreased blood SOD 

and renal CAT activities. SOD activity in blood increased by 25.4% and 98.5% \\•rule 

renal SOD activity increased by 11.2% and 33.2% follo,ving treatment ,vilh 500 ond 

1000 mg/kg/doy doses of the extract in the genlamicin - treated rats. Similorly, MESD 

olso 01 these doses increased renal CAT nc1ivi1y by 11. 7% and 95% respectively in the 

geotnmicin - treated mts. The increases in the activities of these enzymes induced by 

t.ffiSB in the gentamicin - treated rats ,vere only significant 01 1000 mg/kg dose. MESS 

\\hen administered alone did not produce any significnnt change in the activity of these 

enzymes. 

The activities of G6Po.sc, 5'-NTD, y-OT and AST in the gentomicin - t:rcotcd 

ralS ond the influence of �lESB arc sho,,11 in Tobie IC and Tobie ID. Gcntomicin 

1rca1mc:n1 caused mild decreases in the rcnol activities of G6Po.sc nod 5'-NTD. The 

renal activity ofy-GT ho,vcver decreased significantly by 59.9% ,vhcrcos only mild o.nd 

insignificant decrease (by 13.1%) ,vas observed in AST activity "'hen compared ,vith 

lhe control. MESB at a dose of 500 mg/kg increased G6Pase activity non-significonLly 

in the gentamicin - treated rats but caused further decrease in the enzyme activity 01 a 

dose of 1000 mg/kg (p<0.05). The extract, ho,vever. produced on insignificant but 

dose-dependent decrease in the activity of 5'-NTD in these rots. Prc:trc;itrncnt ,vith 

1--IBSB protected against GM-induced decreases in renal y-GT and AST activities and 

these effects ,vere dose dependenL The protective effect of the cxtrucl against the 

gmtamicin - induced dccrcnse in y-GT and AST ,vas significant 01 1000 mg/kg dose 

\\hen compared ,vith the gcntamicin - only group (p<0.01 ). The odministrotion of 

.t.1ESO nlonc al I 000 mg/kg dccrco.scd renal acth itics of G6Pase and 5'-NTD by 24.2% 

and 12 9% respectively relative 10 control \\hcrcns it did not produce any chnngc in the 

acti,ities ofy-GT and AST 
Pbotomicrographs showing rconl n1orpholog) in oil trealmcnl groups arc sho,,11 

in Figures IF to tJ. Kidney sections from rots in control Kroup ,,ere csscnliolly normal.
Gcntam,cin, ho,\e,cr, induced massive tubular necrosis \Yith deposition of 
pro1einacious or colloid casts \\ithin the 1ubulo.r lumin:i in the rnts (Figure I 0) 

P"treotmeot with 500- and t 000- mg/kg doses of MESB reduced gen1amicin - induced 
"nal iubulllr damage with renal section in these groups of rots showing mild 10 
moderate and moderate tubular necrosh respective I) (Figures 11 I and 11). l11e 500 
m1il.g do!>< of the c-.:troct appears 10 �ho,v bcncr histological pro1ec1ion ngainsl the 
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gcnwnicin - induced rennl dnmnge. Rnts treated wilh I 000 mg/kg MESB alone showed

simtlnr rennl histology \vilh those or the control although mild necrosis ,vos observed in

,el) fc" tubules (Figure IJ). The glomeruli nrc spared nnd the interstitium free from 

infiltration by chronic innon1matory cells in nil the trcotn1ent groups (Figures Ir to I J). 

CONCLUSION

The metlulnolic extmct of soybean (MESS) a.t o relatively low dose hos a 

specific stabilizing effect on the cell membrane ll!ldlor other vital cellular 

mocromoleculcs and protected against gentnmicin - induced rcnnJ dysfunction nnd 

tubular necrosis. The protective or nmcliorntive effect of the extract nppcnrs to be 

n:lated to the antioxidant polyphenolie content present in soybean. 
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.t.2 EXPERIMENT 2: TlIE EFFECT OF METHANOLIC EXTRACTS OF 

SOYBEAN ON CISPLATIN - INDUCED NEPHROTOXJCIT\'. 

INTRODUCTION 

Sc, crol 1hcropeutic ogcn1s used in clinicru proctice hove been reported to 

produce funcuonal impairment ond toxic injuries 10 the kidney ond Lhus conlribute a 

srca1 deal 10 hospitol acquired A.RF ond Lhc development of nephropalhy. 

Cisplatin or cis-diammincdichloroplatinum (COOP) and other platinum 

deriw1ivcs are among the most effective che1notheropeu1ie agents ,videly used in the 

trc0tmen1 of n \lorie1y of malignancies, including head and neck, ovarian ond tcs1iculo.r 

ronccrs. llo\\ever, the full clinical utilil) of these drugs (especially cisplatin) is limited 

by ncphrotoxicity, the most common adverse effect, in mnny cancer patients (Schrier, 

2002). \Vhile several nn1ineoplnstic agents frequently exhibit nephro1oxici1y, the 

platinum derivatives ore nmong the most frequent compounds leading 10 renal injUI)' 

(Schrier. 2002). Approximately 28 to 36% of patients receiving an initial dose (SO 10 

IOO-mg/m2
) of cisplotin develop 1\.RF (Lcb,vohl and Canetta, 1998; Ries and 

KJastcrsky. I 986). Since even vigorous hydration has not been effective in eliminnting 

toxicity and the use of diun::tics may complicate the electrolyte disturbance induced by 

cispln1in, discontinuation of cisplatin remains the only option in cases of progressive 

renal failure. There is a pressing need therefore 10 protect the kidney ,,hile 

administering effective chemotherapeutic agents. such as cisplatin. 

The mechanism of cisplatin ncphrotoxicity rcn,a.ins 10 be fully elucidated. In 

addition to direct tubular toxicity in the fonn of opoptosis and necrosis (Arany and 

Snfirstein, 2003), vn.scular factors (Luke el al, 1992; \Vinston and Safirstein, 198S) and 

inO:unmouon (R.omcsh and Reeves, 2002 ond 2003) 1ha1 hove been implicated in the 

p;uhogencs1s or cisplo1in-med1a1ed nephrotoxicity, several other studies have nlso 
demonstrated Lhat oxidative suess is in,olved ia Ilic development or this drug's rennl 
tubule inJUf) (Yilmaz el al, 200.t; Kndikoylu el al. 2004; Shino i:1 al, 2003) The 
in,ohement of oxidative stress 15 further supported by the fact 1h31 free rodic.1I

5Ca\engers and o.ntioxido.nts prevented cisplotin-induccd ncphro10:\1cil) (\Ve1JI t!I nl.,

2004; Dickey cl al., 2005; Guice et al., 2006). 

There is increasing evidence that dietnf) ph} 1ocstr0gc:ns present primnril)- in 
SO)� as isoOavones have O beneficial role in chronic renal disease (Ron1ch ti al,
2001) Nutritional intervention studies have sho\\n 1ha1 coniumpllon of SO)-bD)C(J
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protein reduces protcinurin and 011cnun1es rennl functionol or structural do.mnge in

anilJlllls nnd hun1nns ,vith various forms or chronic ren:i.t discnse (Rnnich ct al., 200 I).

The aim of this experiment therefore ,,·os to further cvnlunte the mechanisms or 

cisplatin nephrotoxicity, detennine the protective effects of soybean using the 

methnnolic extract (NIESS) nnd the probable mechanisms or protection against its rcnnl 

toxicity. This is nin1cd 01 providing agents that ,viii mitigate adverse or toxic effects io 

patients at risk. 

PROCEDURE 

Six groups of six rots per group ,,eighing bct,vccn 204 and 265g ,vcrc srudicd in 

this experiment: Group I (control) received 0.9% NaCl; Group II ,,·os lrClllcd ,vith 

COOP (2 n1glkg/day) intrapcritoncally for 5 days; Rats in groups Ill, IV and V ,vcrc 

uea1cd ,,ith 250-, 500- and 1000- mg/kg/day oral doses of MESB respectively, one­

hour before COOP injection: Group VI \\'OS treated ,vilh 1000 mg/kg/day MESB only. 

All the treotments were given for five clays. Rats ,verc sacriliccd by cervical dislocation 

24-hours ofter the last injection of COOP. Blood srunples ,vcrc collected via cardiac

puncture and scrum separated by cenuifugation 01 room temperature. Kidney samples

,,vc immediately removed. homogenized and centrifuged al 4°C lo separate the

posunitochondrial fraction (P�IF) as in experiment I. Renal function \\'OS assessed in

serum. Bioma.rkcrs of oxidative stress. innommotion. plasma membrane and tubular

dnmoge ,,-ere cvalwncd in the PMF and also in the serum. A portion of the kidney ,vas

mno,cd befo� homogenizing and processed for histology.
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Figure 2A: Effect oftbc mcthnnolic cxtrnct ofsoybcnn (MESB) on scrum 
Cl'Clltinioc {CREA) conccolr.llion of nonnol ond cisplatin (CDDP) - treated rots. 

'p<0.001 ,vhcn compared \\ith conl.101 

''p<O OS nnd •••p<0.001 ,vhen compared ,vith CDDP group.
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Figure 28: EITcct of the mcthrulolic c,1roc1 of soybean (MESB) on blood urea 
nitrogen (OUN) of normal 1111d cispl:11in (COOP) - 1rcotcd rots. 

•p<0.001 ,vhcn compun::d ,vith conlIOI.
••p<0.001 y.•hcn compllt'Cd ,vith COOP group.UNIV
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Figure 2C: EITec1 oflhc mcthnnolic cxlJ"Ocl ofsoybcllll (MESO) on scnun Nn' 
concentra1ion of normnl and cisploun (CDDJ>)- 1rca1cd ralS.

•p<0.001 wbeo compared ,vith conl/01.
••p<0.05 ,vhen compared wilh CDDP group.
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Figure 20· Effect of the mcthnnolic e"<trOCt of soybcnn (tv1ESl3) on scrum K• 
conccntrollon of nonnol ond cisplatin (COOP) trcntcd mis 

"p<0.001 and ••p<O 05 \Yhcn comp:ircd \\ilh control. 
••p<0.05 when compnrcd \vith COOP group.
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Tobie 2/\ EITcct of the methanolie extrnct of soybean (MESB) on nonnal and cisplotin 
(COOP) - induced increase in myeloperoxidnsc (MPO) nnd xn.nthine oxidasc (XO)

acthities in rat kidney.

Treatment 

Contr0I (0.9% NaCl) 

COOP (2 mg/kg)

COOP (2 mg/kg)
+ 

�!ESB (250 mg/kg)

COOP (2 mg/kg)
+ 

MESB (500 mg/kg)

COOP (2 mg/kg) 
+ 

�ffiSB (I 000 mg/kg) 

�IESB (1000 mg/kg)

tvlPO 
(units/mg protein) 

9.04±0.96 

34.06*5.85' 
(-276.8%)" 

24.92±5.89 
(26.8%)b

20.22=1.16 
(40.6%)b

31.53:t: 12.50 
(7.4%)b

12.08±1.58 
(-33.6%) 

XO 
(µmol/min/mg protein) 

2.54±0.64 

3.24±0.12 
(-27.6%)1

3.17±1.77 
(2.20%)11

2.66±0.78 
()7.9%)b

4.23±3.07 
(30.Go/o)b

2.09±0.48 
(17.7%) 

Values expressed as mean :i. stnndnrd error or mean (SP.tvl), 
•p<0.01 \\hen compared \vith con1rol.
Values 1n parenthesis represent o/o chJlngc, (·) increase;(+)• decrease
1-'J% change relative to control; 1'1 o/o change rclauvc 10 COOP.UNIV
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Table 28: Ef!cct of th� mcthnn�lic cxtra�t of soybean (MESD) on normal and cisplatin 
(COOP) - induced increase Ln combined xanthine ox.idnsc (XO) plus xnnthine 
dehydrogcnosc activity (X.Dl-1) in rot kidne>. 

T�tmcnt 

Control (0.9% NaCl) 

COOP (2 mg/kg) 

COOP (2 mg/kg) 
+ 

�!ESB (250 mg/kg) 

COOP (2 mg/kg) 
+ 

MESB (500 mg/kg) 

COOP (2 mg/kg) 
+ 

�{ESB (1000 mg/kg) 

�!ESB (I 000 msfkg) 

XO+XDl-l 
(µmol/min/mg protein) 

4.32:0.78 

S.67:0.93
{-31.3%)1

4.42:0.67 
(22.0¾)b 

4.20±0.71 
(2S.9%)b 

4.36±0.47 
(23.l¾)b

5.27±1.12 
(-22.0o/e)' 

XDH 
(11mol/min/mg protein) 

2.60:0.60 

4.24:0.57 
(-63.0%)1 

4.24¼0.98 
(0) 

3.97±1.47 
(6.4%)b 

S.85±2.70
(38.0¾)b 

3.37±0.90 
(-29.6¾)1 

Vo.lucs expressed as mean :t: sll!Jldord error of menn (SEM). 
Vo.lucs in parenthesis represent % cbnngc; (-) • incrtasc: (+) • dccrcnsc 
"1% chnngc rcla11vc to control;,._,% change rcloti..,c 1° CDDP.UNIV
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Table 2C; Effect of �he mcth�oli� extract of soybean (MESB) on normal ond cisplotin
(COOP) - tnduccd increase 1n unnnry N -acetyl-P-D-glucosominidasc (NAG) activity 
and scrum nitrate/nitrite (N0"3'N0"1) concentration. 

Trtntmcnt 

Con1r0I (0.9% NaCl) 

COOP (2 mg/kg)

COOP (2 mg/kg) 

NAG 

(11,mol/hr/l) 

I 00.9± I 0.96 

181.3:!: 12.60 • 
(-79.7%}" 

4.96± 1.51 

13.68* 1.60 • 

(-175.8%)1

•• 113.0:!:l l.9 8.83±1.28 
.. 

�1ESO (250 mg/kg)

COOP (2 mg/kg)
+ 

�1ESB (500 mg/kg)

COOP (2 mg/kg) 
+ 

�IBSB (1000 mg/kg) 

MESB ( I 000 mg/kg)

(37.7%)b

92.06±7.76 
•••

(49.2%)b

I 54. 74:1:20 .26 
(14.6%)b

129.42*15.20 
(-28.3%) 

(35.S )b

?"8.70±0.S-
(36 .4%)b

9 .OS:1:0.87 
(33.So/o)b

4.52*0.S4 
(8.9%) 

Values c,pn:sscd as ,nean :t st.o.ndnrd error of me.in (SEM).

•p<0.001 \\'hen comporcd ,vith control; ••p<0.01 ond •••p<0.001 \\hen eompn.red
\\ith COOP group. d Values in parenthesis represent% change;(-)"" increase;(+}• ecrcasc

1,,% change relative to control; lb}% change relative to COOP. 
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Tobie 2D: E�ect �f the melh�o_li _c extract of soybean (MESB) on rconl catnlasc (CA 1)
and supcroxadc clismutnsc acuv111es (SOD) in normnl and cisplntin (CDDP) - treated
rats. 

T�3tmcnt 

Conll'OI (0.9% NaCl) 

COOP (2 mg/kg)

COOP (2 mg/kg)
+ 

MESB (250 mg/kg)

COOP (2 mg/kg) 
+ 

�1ESB (500 mg/kg) 

COOP (2 mg/kg)
+ 

�fESB (1000 mg/kg) 

\rESB (1000 mg/kg) 

CAT 
(µmol I '202 consuntedlmin/g tissue) 

0.726±0.032 

0.500±0.036' 
(31.1%)' 

0.558:0.047 
(-11.6%)b

0.639±0.060" 
(-27.8¾)b

0.458±0.035 
(8.4¾)" 

0.742±0.047 
(-22.0-/4)1

SOD 
(Units/g tissue) 

1.62:1:0. l 3 

0.385±0.008 
(76.2%)" 

0.785±0.26 
(-103.9)b

1.23±0.21 
..

( -219.5¾)b

0.495±0.12 
(-28.6¾)" 

• 

0.675±0.26 
...

(58.3¾)1

Values expressed as mcon * stando.td error ofme3Jl (SEM). . 
•p<n.OJ nnd •••p<0.05 ,Yhen compared with control: ••p<0.05 ,vhen compru-cd ,,,ah

COOP group. 
Values in parenLhesis represent% change; ( ·) • i�crense; (+) = decrease
111

% chnnge rcloti\lC 10 control; "'1 % change rela111-c to CDDP. 
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Table 2E: EITec1 of lh
_
c �nelhanolic extrac1 of soybean (MESB) on renal glulathione-S­

uansferasc (GSD nativity and n:duced glu1alhloae (OSI I) level in nonnal and eispl111in 
(COOP)- treated rots. 

Trcatmcnl 

Control (0.9% NaCl) 

COOP (2 n1g/kg) 

COOP (2 mg/kg) 
+ 

MESB (250 mg/kg)

COOP (2 mg/kg) 
+ 

�IESB (.500 mg/kg) 

COOP (2 mg/kg) 
+ 

�IESB (1000 mg/kg) 

MESB ( I 000 mg/kg) 

OST 

(11,mol/minlg 1issue) 

0.247±0.0S 

0.06 7±0.02. 
(72.9%)' 

0.136±0.02 
( • 103.00/4)b

0.14):1:0.02 
(-110.5%)b

0.103±0.01 
(-53.7%)b

0.329±0.08 
(-33.2%)0

Va.lues expressed ns mean ± sUllldatd error of menn (Sl!M).
"p<0.01 and ••p<0,001 when compared wilh control.

GSII 
(µgig tissue) 

31.52:1:2.86 

6.12:1:1.43 °0

(80.6%)' 

IS.03±1.03 ••• 

(·14S.6%)b

21.46±2.531

(-250.7%)b

8.20±1.45 
(-34.0¼)b

21.63±1.40 
(31 .4%)0

• 

• • • p<O.O 1 and p<0.00 I ,vhen compared wilh COOP group.
Values in parenthesis reprcsenl o/o change;(·)• increase;(+) = decrease
u1%changc rela1ive 10 control; fl,)% change rcla1ive 10 COOP. 
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Table_ 2F_- Effecl of the melhanolic cxlraCl of soybean (tvtESB) on rennl lipid
perox1dauon ond total scrum hydroperoxide (SHPO) in normal and cispl:nin (COOP) -
ueatcd ralS. 

Tre:itment 

Conlrol (0.9% NaCl) 

COOP (:? mg/kg) 

COOP (2 mg/kg) 
+ 

}.fESB (250 mg/kg) 

<::OOP (2 mg/kg) 
+ 

MESB (S00 mg/kg) 

COOP (2 mg/kg) 
+ 

1'1ESB (1000 mg/kg} 

1'1ESB (1000 mg/kg) 

LPO 
(J.1units tvlDA/mg protein) 

4.28±0.7S 

17.69* l.58' 
(-313.0%)" 

9.49±0.so"' 
(46.4%)b

8.0)±0.76 
...

(S<l.6o/o)b

10.33-±1.40 ...

(41.6o/o)b

11 92±0.82 
• 

(-178.5'10)1

SHPO 
(µmol/1) 

49.0):i:3.60 

66. 72± 1.0"
(-36.1%)1

65.39*4.03 
(2.0¾)b

63.39*3.62 
(S.O¾)b

63.44±4.41 
(4.9%)b

66.67±4.41 
(-36.0%)1

•• 

Values expressed QS mean± standard error of mean (SEtvt). 

•p<0.001 and ••p<0.01 \Yhcn comp:ircd ,Yilh control; • ••p<0 .001 \\hen co,nparcd
with COOP group. . 
Values in  parenthesis represent% change:(-)• increase;(+) "' decrease
ltl% chllllge relati\'e to control: lb>% change relative to COOP 
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Table 2G: Effect of the n1ethanolic extract of soybean (MESB) on renal glucose-6-
phoSPhato.sc (G6Pasc) lllld S'-nucleo1idase (5'-NTD) activities in normal nnd cisplatin 
(COOP)- treated rots.

Tre:itmcnt 

Control (0. 9�o NaCl) 

COOP (2 n1g/kg) 

COOP (2 mg/kg) 
+ 

t.{ESD (250 mg/kg) 

COOP {2 mg/kg) 
+ 

MESB (500 mg/kg) 

COOP (2 mg/kg) 
+ 

�!ESB (1000 mg/kg) 

�IESB (1000 mg/kg) 

G6Pase 
(mmoVg tissue/min) 

48.34±0.59 

3 ?()± .,.4._ I. I_ 
(29.3%)1

40.0±2.20 
(-17.0¾)b

37.7:!:3.94 
(-I0.2%)b

32.1±3.77 
(6 l¾)b

45.3±0 72
(6.3%)1

5'-NTD 

(mmoVg tissue/min) 

118.9±5.54 

86.8±7.1 
•

(27.0%)1

92.5±6.58 
( -6.7%)b

86.6±9.98 
(0.23%)b

83. 7± 13.0
(3.6%)'

116.4:t:3.I 
(2.1 %)1

Values cxpl't'Sscd as mean ± �tandnrd error of mean (Sf:M).

·p<0.05 \\hen compared \\1th control. 
( ) · rc�•c· (+)=decrease Values in parenthesis represent % change; - - inc .... , 

111% change relative to c-0ntrol; O>l % change relative to CDDP.UNIV
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Table 2H: EITccl of lhe methnnolic ex1rnc1 of s oybean (lvfESB) on serum and renal 

post-mitochondrial froclion (PMF) total protein in nonnal and cisplotin (CDDP)­
irc:itcd rnts. 

Tre:umcnl 

Control (0.9% NaCl) 

COOP (2 mglkg) 

COOP (2 mg/kg) 
+ 

MESB (250 mg/kg) 

COOP (2 mg/kg) 
+ 

t.IBSB (500 mg/kg} 

COOP (2 mg/kg) 
+ 

�IESB ( I 000 mg/kg) 

\IESB (1000 mg/kg) 

Sen1m total protein 
(g/lOOml) 

7 .83±0.26 

6.39±0.33 
• 

7.41:1:0.62 

7.20±0.51 

6.89±0.34 

7.29±0.24 

Values expressed as mean± st.andnni error of mcilll (SEM) 
•p<0.05 ,,hen compared ,vi1h conlJOI.

PMF toull protein 
(g/lOOmJ) 

3.64:1:0. I 3 

2.21:1:0.21 
• 

2.35±0. I 9 

2.27:1:0.42 

2.05±0.70 

2.52.±0.23· 
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Figure 2E: Section oflcidney from rat treated with normal saline (control) Renal
morphology appears normal without any viS1blc h:s1on 
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Figure 2F: Section of kidney from rat treated wilh cispla1in (2 mg/kg. i p) d&ily for S 
days. Section shows severe and generalized tubular epilhclial cell necrosis a.SJOCillcd 
with diffuse rubular lumina (hyalinized ca.ns) 
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Figure 20 Section of kidney from ra1 trwed ,vi1h methanolic soybean extract (2SO 
ln8/kg, p.o.) plUJ cispla1in (2 mg/leg. 1 p) daily for S days S«11on shows gmcraJ1ud 
degeneration and necrosis of tubular epithelial cells associated ,vi1h tubular d1la1auon 
Some epithelial cells are detached from 1he bucmenr membrane 1n10 1he lumen wtlh 
cells having a spongy appearance Most tubules in 1he mcdullary zone conl4in protein 
casu UNIV

ERSITY O
F IB

ADAN LI
BRARY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



163 

Figure 2H: Section or kidney from rat treated with methanolic soybean eX'lract (SOO 
lll&lkS. p.o) plus cisplatin (2 mg/le& i p) daily for S days Section shows diffuse 
moderate degeneration and oecrosia or tubular epichcliaJ cell, usociatcd wich cubular 
clilataion. Pinkish protein cas1s in tubular lumin• 
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Figure 21: Section of kidney from rat treated with mcthanolic soybean extract (1000
mg/kg, p.o.) plus cisplatin (2 mg/kg. i p.) daily for S days Section sho,vs generlllized 
and severe degeneration and coagulauve necrosis of tubular epithelial cells ,vith dilated 
bypoceUular tubules Proceinaceous material ,n tubular lum,na Fibrous thickening of 
VUCUlar walls. There are a few mononuclear cells 1n the medullary zone 
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Figure 2J: Section or kidney from rat trc11ed with methanolic soyban cxtnct (1000

mg/leg. p.o.) daily for S days. Section shows very rcw tubules with mild necrosis

observed. 
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Sammur or Pbo1omlcro'"pb or n1 kldat) ucdoDJ (X400).

H111oiopcal N"CUOD oUddary r,- nt 11r11td wldt A. N-al uliw (coarrol); B. C'•pbllJI

(lmcfkg); C CllplJdo + M£SB (0.15"1<&); D. Cltpblla + MESB (�"'1<&); I?. Cuplldn + 

MESI (I� r. Ml!SB (l,Ocf4). - Jdndc .-, 1Dbaln tltowlo& arcrous 
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Rcs\Jlls for renal function tests ore depicted in Figures 2A to 2D. Cisplotin 

(COOP), ,vhcn administered ot o dose of 2 mg/kg/day for 5 cloys, significantly elevated 

scrum cn:atinine (SCr) concentration and blood urea nitrogen (BUN) by 61.00/4 and

1091.8�� respectively ,vhen compared ,vith control (soline-treated) rats (p<0.001). 

Serum No• ion decreased significantl) (p<0.001) ,vith n slight increase in K+ ion 

coneenuation follo,ving COOP treatment in the rots. Th.is COOP-induced acute renal 

failwe ,vos attenuated by MESB. Prctrcatmcnt ,vith 250-, 500-, and 1000- mg/kg/doy 

doses of the extract one-hour before COOP injection (i.p.) reduced SCr by 34.7%, 

62.11/e ond 24.6% and BUN by 49.8%, 59.0% and 21.1 % respectively ,vhcn compared 

wilh the COOP group (Figures 2A and 28). 1l1e reduction of tl1csc parameters 
produced by MESB were statistically significant ut 250- nnd 500- mg/kg doses 

(p<0.00 I) ond at I 000 mg/kg dose (which did not offer beuer protection than the lo,vcr 

doses) ,,"US not signilicnnt ,vhen compnred ,vith ll1e COOP group. The electrolyte 

imbalance induced by COOP ,vas nlso nuenuoted by MESB (figures 2C and 2D). 

t.fESB (1000 mg/kg) ,vbcn administered nlone produced mild and insignificant increase 

(p>0.05) in these parameters ,vilh \\nen compared ,,<ith control. 

COOP-induced acute reno! failure ,vos associated ,vith significant (p<0.01) 
increase in myeloperoitidase Q,,£PO) activity (fable 2A). MPO octivity increased in the 
CDDP-tm11ed rats by 276.8% \\hen compared ,vith control (p<0.01). Xanthinc oxidasc 
(XO) octivity also increased by 27.6% in the COOP-treated rots, though not sllltistically 
significant ,vhen c-0mJ)31Cd ,vith control (p>0.05). Similarly, there ,vere mild increases 
in lhe octivilies of xnnthine dehydrogenasc (XDH) BS ,veil as combined XO plus XDH 
(Table 28). Asnin, MESB at 250· and 500- mg/kg doses prevented the Coor-induced 
increase in the activities of these enzymes, \vith the I 000 mg/kg dose not providing 
better protective effect. MESB (1000 mg/kg) when odm1nistercd alone did not produce 
Ill} significant changes in these parameters. 

Renal dysfunction induced by CDDP \VllS chnrocterized by increases in urinary 
excretion of N-acctyl-J}-D-glucosaminidasc (NAO) and serum nill'Dtc/nitritc 
(NO·yNo-1) concentrations (index of nitric oxide production) (Tobie 2C). Urinary
NAG acthuy and scrum NO ,JN0·1 conccntro11on increased by 79.7°• ond 175.8°• 
�pccuvel) in the CODP-trc0tc:d rots \\hen compared \vith control (p<0.001). Unnary 
NAG activity decreased by 37.7%, 49.2% and 14.6Yo ond serumNo·,JNo·, by 35.5%, 
36.4Y. and 33.8% follo",ng trcotrnent with 250-, 500- nnd 1000- mg/kg doses of
t.1eso in the CDDP-t.reated rot.5 respectively. l)ecreBSCS in values \\Crc only 
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signilicnntly different from eonlrol at 250- and 500- mg/kg doses of lvlESB (p<0.01).

Toc:rc \\'M no signilieont chMgc in scrum NO"vN0"1 level o.nd O slight Increase (though

not significont) in NAG activity \,•as obseived in rats treated with fv(ESB (1000 mg/kg)

only (f nble 2C).

CDDP rcnnl toxicity \VUS associated \vilh induction of oxidative stress in the

ruts. Table 2D sho,vs the elTect of MESB ndminisuntion on eatalose (CAT) nnd

superoxide dismutosc (SOD) activities in COOP-treated rots. CAT ond SOD activities

significantly (p<0.01) decreased by 31.1% and 76.2% respectively foUo,ving treatment

Yiilh CDDP. MESB prevented this efTcct by increasing CAT activity by 11.6��. 27.8%

and 8.4% Md SOD activity by I 03.9%, 219.5% and 28.6% ot 250·, 500- o.nd I 000-

meJl.g doses respectively in the CDOP-1reo1ed rots. 111e increase produced by MESB in

lhe activities of these enzymes \\'llS significanl 01 500 mg/kg dose in the CDOP-tre:11ed

rats (p<O.O I). 

Treatment ,vith COOP significantly decreased glutathione-S-transfernse (GST)

activity (p<0.01) o.nd also produced severe depletion of reduced gluuilhione (GSH)

tc,tl (p<0.001) as sho,vn in Tobie 2E. MESB mitigated these effects by increasing

GST activity by 103.0-/4. I I0.4o/o and 53.7% and GSH level by 145.6%, 250.7% and

34.0"/4 at 250-, 5 00 - end 1000- mg/kg doses respectively. GST activity increased by

33.2o/e o.nd GSH level decreased significantly by J 1.4% follo"ing only l'-'IESB

(IOOOmg/kg) administration. 

COOP-induced decrease in :intioxidont defense system rcsuhed in significant

incte3Se tn rennl lipid peroxidation (LPO) o.nd total scru,n hydroperoxide (SHPO) ns

tndiaued in table 6. LPO increased by 313.0% (p<0.001) and SIIPO by 36 l¾ (p<0.01)

,n the COOP-treated rats ,vhcn compared with control. MESD significantly reduced

mw LPO by 46.4% ond 54.6% 01 250· o.nd 500-mg/kg doses rcspcc1ively (p<0.001)

and non-significantly by 41 6% at I 000 mg/kg dose ,�hen com po.red \\-ith COOP­

lltatcd rats. MESB ho...,•evcr did not significD.ntly (p>0.05) affccl SHPO level as only

slight reductions ,vcrc recorded at all dose levels. 1'1ESD (1000 mg/kg), on the other

hand, significnntly increased LPO (p<0.001) ond SHPO (p<0.01) "·hen odminis1cml

alone (Tobit 2F). 

The efTccl of MESB on COOP-induced dccrcoscs 1n renal gluco!>c-6-

phosphat.asc {G6Pasc) o.nd 5•.nuclco11dase (5'-NTD) ,ire sho"n in roble 2G. COOP

signifieo.ntl) dccrc1UCd G6Po.se and S'-NTD ac11, 11ie!> h> 29 J�o and :?7.00o respcclt\el)

\\'hen compared ,villi contr0I (p<O 05) M[�S0 \�115 mo)l c1Tcc1i,e in rcduc1n11 the effcc1
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o(CDDP on these enz) mes 01 250 n1g/kg dose, though not significant. MESD increased

G6Pase octivit) by 17 ,0% and 5'-NTD b)- 6. 7% 01 this dose (250 mg/kg). �IESO ( I 000

111g,\g) alone nlso decrcnscd the activities of these enzymes, though not significantly. 

COOP signific.mtly decreased total protein concentrolioos both in scrum and 

Lidne) of rots (p<0.05) as shO\\TI in Tobie 211. MESB did not produced significant 

ch3ngcs in this parameter but pro, idcd moderate increases in vnlucs in the CDDP­

trtlted rats. 

Histop:ithologi�I exominotlon of sections from rat kidney treated ,vith cisplotin 

show sc,ere nnd gencralitcd tubulnr cpitheliol cell necrosis associated ,vith diffuse 

wbular tum.inn (hyalinized casts). Kidney sections from rats pretreated ,vith 250-, 500-

and 1000- mg/kg doses of �IESB before cisplntin ndministro1ion sho,,ed generalized 

dcgencnnion and necrosis of tubular epithelial cells; diffuse moderate degc:ncration and 

necrosis of tubular epithelial cells; and generalized and se, ere degeneration and 

coagulBtive necrosis of tubular epithelial cells respectively ,vith dil3tcd hypocellulor 

tubules and proteinaceous material in rubul3r lumino in nll trcotmen1 groups The 500 

mgi\g dose of MESB pro,idcd the best histological protection ogninst the renol tubulnr 

cbnugc mduccd by cisplaun 

COJ\CLUSION 

The melhonolie extract of soy� (�IESD) offered protection against cisplotin 

- induced rennJ ioxicit) by enh.3ncing on11o'<idru11 defense, preven1ing 1nOnrnmo1ory

prorcsse3 ansing from enhanced polymorphonuelcnr lcukoe)tC infil1rn1ion ond

accumulation as ,vcU as reducing tubular domagc and enhMcing membrane funcuon in 
therw.. 
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,J EXPERJ�IENT 3: ANTIOXIDANT AND FREE R.AOJCAL 
SCA\'EN\'ING 1\CTIVITIES OF THE �IETIIAJ'olOLIC EX'TRACTS OF
S0\'BEAJ'I/ IN J/JTRO 

J1'TROOUCTION 

There is n grov,ing body of evidence suggcsling lhol free radicals piny an
impor14nt role in the development of tissue damage ond p.ithologicoJ events in living
org:1111sms (,\ruoma, 1998; Lefer and Granger, 2000; Smith et al., 2000; Bhotia er al.,

1003, OlinsJJ er al, 2003; Pcuchnn1 et al., 2004). Kno,vlcdge regarding the chemical
11.11ure and mcchllllisms of action of on1ioxido.nts, and 1heir important role in disease
p,c,enuon and treatment is rapidly evolving (Neergbeen er al., 2006). 

Flavonoids, o group of nlllurally occurring polyphcnolic compounds 
ubiquitously found in fruits and vegetables (Aheme and O'Brien, 2002; llollmnn nnd 
Arts. 2000), hove sho,vn poten1ial health benefits nrising from the nnlioxidath·e effects 

of these pbytochemicals. These propenies 111C auributoble to the phenolic hydroxyl 

groups auacbed LO the Oavonoids structure (Jovnnovic cr al., 1994; Kondas,,'1111li and 

t.hddlcton, 1994). Scavenging of free radicals seems 10 ploy o considerable J),1lt in the 

antioxidant activity of Oovonoid compounds. In recent years, novonoids os polcnt free 

radical sen, cngers hove nttroctcd o tremendous in1crcst ns possible therapeutics against 

free radical mediated discoscs (Middlc1on er al. 2000). Consumption of SO)bcan·

con11Jn1ng diets hns been ns50e1oted ,,ith the lo,, er 1nc1dcnce of cenain humnn cancers 

(Afcssinn nnd Barnes, 1991, Dames ct al, I 990. Setchell ct al, 1984) Gcnistcin. the 

most abundruit isoOavonc in soy hos been 1den11ficd os a polent inhibi1or of pro1ein

l)�ne kinases 111 ,·itro (Alu) ilJTID er al. 1987) In this s1udy. 1he on1io,idan1 nnd free

radical scavenging acuvitics of MESS \\i"llS e, aJu.:ued /,r ,•,rro

PROCEDURE 

The antioxidnnt activity of MESB was in,esugoled in the trolox equivalent

llllio,i�t capacity (TEAC), ferric reducing nn110,1don1 po,,cr (fR.AP), rNucing

po\\cr (RP). re>· /oscorbatc- and 2,2,-oz.ob1s(2-om1d1nopropanc) h)drochlondc

(MPH)- induced lipid pcroxidntion models. The rnd1col SCO\ienging oct1\i1ty (RS'\) of

\!£So ag.alns1 ehemicoJly generated hydroxyl (01 I') r.id1col ,n the deo,ynbosc nss;t)'

su d O 
· · "d (NO') I J-d1phcnyl-2-picrylhydnu)'I (OPPI I), and 2,2 ' •

pcrox, e ( 2), n1111c ox1 e , • 
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azjnobis (3-ethylbenzotJtiazoline-6-sulfonic acid) dian1monium salt (ABTS·, rodicaJs,

in ,;,ro.
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RESULTS
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Figure 3A: Effect of methllllolic extrDct of soybean (MESB) on AAPI I-induced 
lipid peroxidation. 

'p<0.01 and ••p<0.001 ,vhen comporcd \\ith control. 
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Figure 38: % Inhibition of MPH-induced lipid pcroxidotion by mcthnnolic 
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Figure 3C: Effect of methanolic extract of soybean (MESO) on Fc2'/nscorbotc· 
induced lipid peroxidation. 
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Figure 30: Effect of methanolic cxtroct of soy�n �IESB) on f-e2
� /oscorbntc­

induced Upid pcroxjdation. 
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Figure 3E: inhibition of deoxyribose oxidation by mcthnnolic cxtroct of 
soybean (MESB) 
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Figure JF: Inhibition of deoxyribose oxidntion by mcthanolic extract of 
soybcnn (MESO) 

"p<0.05 "'hen compnrcd \Yith control. 
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Figure JG: Trolox anlioxidanc capacity (TEAC) of mclh.anollc cxtroct of 
soybean (MESD) 

•p<0.05 and ••p<0.001 when compared ,vith control.
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Figure JH: Ferric reducing antioxidant po,vcr (fRAP) of mcLnanolic cxtrnct of 
soybcnn (MESB)

•p<0.001 \vhcn comporcd with control.
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Figure 31: Nitric oxide (NO") radic:41 scavenging oc1ivily (RSA) or mclhonolic 
extract or soybean (MESB) 

"p<0.001 and ••p<0.05 ,vhcn compared with conLrol 
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Table JM: DPPII' radical scavcn&ing octhity (RSA) ofmcthonolic cxtroct or 
soybean (MESB). 

•p<0.0S and ••p<0.001 ,vben comp:ued ,vilh control.
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The ontioxidnnt and free rndicnl s�vcnging activities of MESB ,,'DS evnJW1ted. 

The effect ofMESB 00 AAPH- and Fc1• /nscorb:ite- induced lipid perox.idntioo (LPO)

a.re sh0\\11 in Figures 3A to 3D. MESB signilicnntly inhibited LPO induced by AAPH 

115 indicated by the decrease in  absorbance ,vben compnrcd ,vith control (i.e. rcoction 

mixturC \\ilhout �!ESB) (Figure 3A). LPO ,ws inhibited by 20.0%, 26.7%, 30.0% and 

�O.�'.o nt 100 µg, 200 µg, 400 µg (p<O.O I) and 800 µg (p<0.001) respectively (Figure 

38). Similnrly, LPO induced by Fe2•1ascorba1c ,vas also signilicnntly inhibited by

22,0,,.., 24.4%. 24.4%, 36.7%, 41.5%, and 46.3% nt IO µg, 50 µg, I 00 µg. 200 µg. 400 

µg (p<0.05) and 800 µg (p<0.00 I) respectively '"ith respect to the control (Figure 3D). 

The reference drug. catcchin. sho,\'td greater polcnc) by producing 36.7% and 68.3% 

inhibition ofLPO induced by Fci./nscorbntc and AAPH rcspecti\lcly ,,,j1h respect 10 

control. 

Figures JE and JF sho," hydroxyl radical scovcoging potcntinl of MESB by 

inhibiting deoxyribose oxidation. MESB produced significant inhibition of dcoxyribose 

degnidiuion at I 000 µg concentration by 55.6% (p<0.05) ,,·ith respect 10 control (Figure 

3F). Cntcchin nlso sho,v greater potency, producing 66.7% inhibition nt 50 µg (p<0.05). 

Furthcnnore, the antioxidant nctivity of �IESB ranged from 24.8¼..S.6 to 228.0±13.6 

µmol trolox equivalent in the TEAC ossay al 125-500 µg ond cotechin exhibited n 

TEAC \'nlue of 1110.0±380 µmo! trolox equ1\lalcn1 (p<0.001) (Figure JG). FRAP 
,'lllucs decrcnscd from 941.2:1:1.28 to 938.5±0.57 nt 100-300 µg (Figure 3H).

Result of the scavenging of NO , 0·2, nnd DPPI 1· rndicnls by l'v!ESB is sho,,n in

Figures JI. 3K and 3M rcspecti\lely with the radicnl scavenging nethilics (RSA) of the

CXllatt against these (NO·. o·2, and DPPH') rndicals presented in Figures 3J, JL and 3N

respectively. MESB exhibited rna.ximwn RSA of 24.1% on NO rndical (p<0.001),

68.2% on o·2 radical (p<0.05) 40d J 1.6o/o on DPPI 1· rnclical (p<0.05) at 50 11g (p<0.05).

RSA activity of MESD dccrcnscd 01 conccn1n111ons greater than 1h01 producing the

.... v-
• 

"- 1 ond tended tO\\'lltdS n prooxidnnt oction v,ilh 0·2. i\lESO....... ,mum scavenging cuec 

also demonstrated marKcd reducing p0\\Cr, 1ncrc:Ming nbsorbance vnlucs from

0.016i:0.007 to 0.043±0.009 ot  J0-800 µg (Figure 30) The reducing pov,er of�IESB

aim ·11 th f ieclun which incrcnscd the obsorb:ince 10 0.045±0.016
ost compares wt , 31 o ca 

at so µg. 
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CONCLUSION 

The methanolic extracts of soybean (MESB) exhibited significant free radical 

se3,1?nging nod antioxidant activities in virro. The eJ<troct also sbo,ved prooxidanl

poicnliol ot bigh concentrntions. 
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�tETI-IANOLIC EX'TRACTS OF SOYBE,\N 

INTRODUCTION 

ANALYSIS 
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OF TILE 

Soybean (Glycine n1ax (L.) Merr.) is currently the most importWlt source of
edible oil ond high-qunlity plant protein for feeding both bumM nnd nnimnls ,vorldwide
(Zeller 1999, Friedman and Brandon 2001). Originnted from mid lotitude regions, this

species is expanding in lropicnl orens os o result of the development of ne,v genotypes
10lcro.nt to the environment.al adversities of these locolitics (Voscoocelos et al., 1997,
C11111pclo et al.. I 999).

It hns been reported thot the environmc:ntol conditions such os lotitudc, oJtitudc:, 

temperature and precipitation can afTc:c:t the seed composition os, for exnrnplc, the 

protein and oil contents (Zeller 1999; Von Oomevcld, 1999). lndccd, Qin et al .. (1998)

sho,,·cd that the contents of antinutritionol factors ,vcrc different bct\vccn ro,v soybeans 

produced in t\\'O distinct geographical regions. Vollmann ct al .. (2000) described 

genetic: vnriations and significant difTc:n:nc:cs in the protein content of soybeans 

culth-otcd in d istinct climates. Based on these: focts, it is rcasonoble 10 question ,vhether 

the soybean cultivnrs odllptcd to gro,v in locality or regions present differences in their 

seed composition ond nutritional profile ,vhcn compared to cultivnrs gro\\"Il in distinct 

regions a.round the \\Orld. Furthermore, information on the chemicol composition and

antinulritional and/or toxic protein contents of soybean cultivnrs exposed to typical 

tropicol environment is scarce. Thus, the present experiment ,ws undertaken to identif) 
some ofthc known compounds ond/or possibl} isolotc nc:,v compounds

PROCEDlJRE 

Adsorption column chromatography (CC) ,vos performed with Kicsclgel 60

{ASTM 70-230 mesh). Gel permention Yt'llS nc:h1evcd using Sephodc:'< LI 1-20.

Rc\c:rscd ph;isc liquid chromatography (LC) \YOS accomplished ,�ith RP-18 (size 0, 40-

63 mm, E. mcrck). Thin Loyer Chromnlogrophy (fLC) analysis \\'IIS done using

·-·
1

y1· --• ·1· I 60 GF pre-coated aluminium backed plates (Merck, 0.25 mm
"""' ,...., s1 ,ca ge ·1j4•�
lhick). The resuliing spots on TLC plates ,verc visuolizeJ under UV light (254 nm) ond

·•- cd b th f ll'n/11 so H,SO, ferric chloride ond OPPI I 5proy reagents
IKlCCt y e use o vun1 1 1 ,, • 
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RESULTS 

Table 4.1: fractionation or SDEF on open column Chromotogrnphy 11nd detection of 
1atlosiclant und phenolic compounds 

Fractions Codes \Vcigbt Reaction \\1 itb DPPH Reaction \\'Ith FcCIJ 

I SDEFI 1.5 g no aclivity no nctivi1y 

2-J SBEF2 800mg no activity no activity 

,i.5 SBEFJ 255 mg no activity no activity 

6-8 SBEF4 176 mg moderate nctivity no nctivity 

9-10 SBEF5 450mg moderate nctivity moderate activity 

11-12 SBEF6 300mg moderate activity moderate activity 

13-16 SBEF7 750 mg moderate activity moderate activity 
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11w, 4.l: Fnactioaation or SBEF5 on Sq,hadn LB-20 and drttttlon or andos.ldaat
11d pbrnollc compounds

Fl'ICfloDt Codes 

1-2 SBEFSa 

) SBEFSb 

4 SBEFSc 

SBE.FSd 

6-11 SBEFSe 

lltac1ioa witb FrCI, 

OOAc: MeOB (1.5 : 1.5) 

• 

WrighL 

65 mg 

78mg 

74mg 

97mg 

62mg 

• 

°) 
I I I'S 

_.__:_ _-=:; --�- -�
c=a'

� 

Reaction wllh DPPB 

no activity (pure) l 

DO activity 
• • 

no act1v1ty 

no activity 

no activity (pure) 2 

Readion with DPPR 

EtOAc : MeOB (1.5 : 1.5) 

� I I I � 

Rnctlon wllb Fret, 

no activity (pure) 

n.o ac1ivity

no activity
. . 

no act1vny 

moderate activity (pure) 

Rt11ctlon with 1 �/• BJSO-' In �ttOE 

EtOAc: MeOB (a..! : 1.5) 
. - -C:.:22 

- . 

I l
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Teblt 4.3: Fractionation of SOOF on open column Chromotography and 
ickntific_ation or antioxidant and phenolic compounds 

Fractions Codes \VcighL 

1-6 SDDFo 2.1 g 

7-10 SBBFb 520mg 

11-13 SBBFc 350mg 

14-18 SBBFd 700 n,g

19-25 SBBFe 1.1 g 

Reaction n·ith 

orrr1 

no activity 

\\'eak octivity 

moderate activity 

moderate octi\fity 

moderate activity 

Rc1u:1ion ,vitb FcCIJ 

no octhity 

no ocli\fity 
. . 

no OCU\'lly

no octi\fity 

no octi"ity 
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'fiblt ,1.4: Fractionation of SBBF on Reversed pbnsc liquid cbromntogrupby (LC)

and dcttclion of antioxjdant and phtnolic compounds

fraclions Codes \\I eight. 

I SBBFdl 60mg 

2-7 S88Fd2 270mg 

8-22 SDBFd3 33 mg 

23-26 SDBfd4 109 mg 

Rcnclion ,vilh orr11

No activity 

moderate octivi1y 

"-eak activity 

No 11c1ivi1y 

Rc11ction n•ith FtCIJ 

no octivity 

no 11ctivi1y 
. . 

no ncuvuy 

no aclivily 
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Table ,.s: Fnctloutioa of SBBFdl on Stpbadn LB-20 and dtttrmiutlon of 
utlosldanl activity and phenolic group 

Fnictiom Coda 

1-2

3-4 

S-6 

7 

8-12

SBBFd2a 

SBBFd2b 

SBBFd2c 

SBBFd2d 

SBBFd2e 

• • 

• • 

3 4 

Welpt. Reaction with DPPH 

65mg no activity 

78mg moderate activity (pure) 3 

74mg no activity 

97mg moderate activity (purr), 

62mg no activity 

Dlddoro•ct!t•er : ltlhaeol (7: 3) 

Reaction wltb FtCI., 
• • 

no act1Y1ty 

no activity (purr) 

no activity 

no activity (pure) 

no activity 

R.t:ac1io D with D PP H 
R.tan.loD with H1SO• 

• 

• 

• 
• 

• 

3 
J 
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Table 4.6: Fractionation of SBBFb on Reversed l'bose Liquid Cbrom11to�r11pby 
and dcltrmination of antioxidant activity and phenolic group. 

fractions Codes \Vcigbt. 

1-4 SBBFbl 210 mg 

5-10 SB8Fb2 75mg 

11-18 SBBFb3 26mg 

19-23 SBBFb4 12S mg 

Rcoctioo ,viib Drr11

\\·cnk activity 

very ,vcak activity 

no activity 

no activity 

Rcnction "•itb FcCl., 

no activity 

no activity 
. . 

00 acUVJty 

no activity 
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T•lllt �.7: Fractionation or SBBFbl on Sepbadn LH-10 and ddtnnhtatlon or 
1111odd1nt activity and phenolic group 

Fnctlou Codn 

1-4 SBBFb2a 

s-6 SBBFb2b 

6-8 SBBFb2o 

9.10 SBBFb2d 

6 

WeJgbL Reaction with DPPH 

65mg No activity 

78mg strong activity (pure) 5 

74 mg No activity 

97mg No activity (pure) 6

Dltbloromt1.banc : £1b1.11ol (7 : J) 

• 

6 

5 6 

luadlon with FeCl, 
• • 

no ac11v11y 

weak activity (pu�) 

no activity 

no activity (pure) 
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Compound 1 sho"·cd neither antioxidant nor phenolic property. 

Compounds 2 sho,ved moderate phenolic property ,vith ferric chloride ,vithout 

antioxidnnt property. TI,e development of blue-black colourntion spot on the orange 

1>3ckground in compound 2 is stronger than compound S ,vhich also dcmonstroled 

phenolic property. 

Con,pounds 3 and 4 demonstrated moderate onlioxida.nt properties ond the 

re:iction ,vith DPPI I ,vns ,vithin 2-3 minutes but ,vithout phenolic property 1111111. 

Compound S sho,vcd both antioxidant and phenolic properties. Ho,vcver, the

de\'clopn,cnt of ycllo,v spot on the purple background in compound S \\'D.S ,vilhin I 

minute (almost immediate) after spraying ,vith DPPH ,vbilc that of compound 3 and 4 

sho\\-cd up grndually about 4 minutes toter, indicating thnt S has higher antioxidnnt 

acth-ity than 3 and 4. This fact \\'3S further supported by the strong intensity of the 

)ello\\' spot of 5. 

Compound 6 ,vns neither phenolic nor antioxidant in its reactions ,vith ferric 

chloride and DPPH respectively. 

However all isolated compounds reacted ,vith the gcnerol purpose detecting 

n:.igcnt (sulphuric acid) 

CONCLUSIO 

The mcthanolic cxuoct of soybean (MESB) contains predominantly dihydroxy 

and lrihydroxy phcnolics with varying nntioxidativc strength. Also present in the 

· ds ·th d ·t.hout antioxidant properties as \\ell asextract llIC non-phenolic coo1poun wi nn \YI 

non-phenolic antioxidants. 
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The incidence or prevalence of renal injury a.rising from the use of therapeutic
• • • drugs conunues to soar, posing senous chnJlcngcs to therapeutic oulcon1cs in clinical

rrnctlcc. The monaLity rote of patients "ith acute rcnnJ foilurc (ARF) has rcrnoinc:d
bct\1ccn 25 to  75¾ despite the use of various phannocological agents (111odhoni et al.,
1996). Se\fcrol therapeutic agents used in clinical practice ha\fe been rcponcd to
produce functionnl impainnent and toxic injuries 10 the kidney and thus contribute n
great deal to hospital acquired ARF and the development of nephropathy. The rcnson
for this is not unconnected with tJ,e foct that tJ1e kidney is the mujor organ of excretion
and as a result is exposed to large amount of parent and acti\fc metabolites of drugs and
other xenobiotics. It becomes imperative tltereforc t11nt deliberate efforts arc directed
towards protecting the kidney from injuries and da111ogc during tl1crnpic:s \\ilh agents 

lhllt predispose to renal pathologies. 

Genuunicin and cisplatio ore runong the 1•tl)' useful chemotherapeutic agents 

lh:it contribute to this e\fer increasing incidence of hospital acquired acute renal failure. 

Interestingly. the mortnlity rate from ARf has not changed significantly over the lost 40

}ears SevcraJ clinical 110d experimental strategics ha1'c bec:n employed 10 reduce the 

predisposition 10 or mitigate this renal d)sfunction and injury a.rising from the use of 

thmpcutic agents but very Linlc success has been achieved in lhis regard. The need 

therefore for studies nimcd al clearly identifying the cellular and molecular mech4nisms 

of nepbrotoxicily of these therapeutic drugs, and search for elrec11ve agents or

compounds to protect against their toxicity 10 nllo,v for safer use in patients 01 risk

become imperative. 

S.1.1 Ccnlun,icln Ncphro1oxlcil)' nnd rrotccti\•c crfcct or �1E 13

The goal of reducing or procccting og.oinst orn1nogl>coside nc11hro1oxic1t)' has 

II cd h re d I u·on 0,er the last 1wo dccrules (?-'lingcot-Leclcrcq andtract muc cuort an at en 

Tulkcns, 1999), but very little success has been achieved in this regard

, ·n1 'd nee ·1mplicating the participntion of rencthc ox)·gcn
There ts subslllllU c:v1 e 

i . · f ncnllllTlicin nephropoth)' and odministration or freespec cs 1n the pathogenesis o ., 

_,.. . tnl th' ncin selenium and , 1tornin C hos 11rov1dcd sornc,au1cal sca\.engers hke me o 10 , 
.. .  · · (Yanget"/ t991,Ademuy111nttC1/, 1990)
uo:ncfit in nmcliornung this toxicity • 
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'£bis study evaluated the effect of defntted f,.,l£S8 on gcntnmicin - induced
nephrotoxicity. lsoflavones are the mnjor phenolic compounds in soybean and they nre
1;no,,n for their biological activities including ocstrogcnic, antioxidant and anlitumour
ncti,'ities (McssinB et al .• 1994; Knight nnd Eden, 1996). It ,,'OS on Lhis basis that MESB
w3S screened for possible chcmoprcvcntive Bction against genlarnicin nephrotoxicity.

Results from this study sho,v that rots treated with genuunicin developed
Ollltked acute renal dysfunction or damage as evident by the significant elevation in
pltlSl1la creatinine and blood uren nitrogen (indica1ors of impaired glomerular function).
This ,,-us also ossocia1ed ,vilb significant hypematraemia and mild K• ion depletion.
Relllll histology also revealed massive tubulBr necrosis ,vilh deposition of colloid casts
within Lhe tubular lumin.3. Pre-Lreatment ,vith 500 mglk&'day of defatted MESB
significantly improved rennl function nnd histology. A higher dose of the extract (I 000
mglkg/dny) did not offer grcBtcr protection but ins1cad produced mild increases in
pl(ISfflB crcatininc and urea concentrations, suggesting some interference ,vith 
glomerulo.r function. 

The relationship bel"\vccn genLnmicin - oxidative stress and nephro1oxici1y ,vns 

funhcr established in this present study. GenLnmicin nephropathy ,vns associated ,vith 

decreased activity of SOD and CAT in the kidney, as already observed in several 

studies. SOD and CAT enzymes BrC major primBr)' antioxidant defense components 

that primarily eatal>7,c the dismutnlion of superoxide radical (011 to H202 and 

decomposition of H202 to H20 respectively (McCord and Fridovich, 1969: Cheng et

al, 1981). The decreased SOD and CAT nctivi1y induced by gent.nmicin results in 

accumulation of 02• and H101 ,Yhicb react ,,ith metal ions 10 promote odditional radical 

gfflerotion, y.,jtb the release of the pnrticulnrly rcac11ve hydroxyl radical (Stndtman.

1990). Hydroxyl mdicnls rc.ict at nenrly diffusion-limited rotes ,vith nny component of

the cell, including lipids, DNA and proteins. The net result of this non-specific free

radiClll attack is II loss of cell integrity, enzyme funclion, end genomic stability (Gille et

al, 1994). The involvement of these rcoctive oxygen species (ROS} in 1hc impairment

of glomcrular filtration rote (GFR} has been rcponed (llughcs er al, 1996). Moreover,

,L. I - gJ rul nfttioxi'dllllt ...... ...vmes protects renal function against the
UK: C e\lJUOn 10 omc QI '"' �•-J' .. 

injury induced by ROS (Yoshik.o et al, 1990). The protective effect of MESD therefore

Id ,__ . cd · u·o "dAftt propcrucs TI1e increase in the oc11v11y of SODcou "" attnbut to 11.S nn x.1 '"' 

11nd CAT produced by the cxtrnct in the gcntamlcin trdltcd nus prevents ex11ggern1ed

_... · d ·d 1• ·e -'·-oge In addition, 1he rcnal 11mount of nitric oxide,
P1=uc11on of ROS o.n ox, n ,,. uw11 
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which plays on importnnl role in the regulation ofGFR (Baylis Md Qin, 1996), may be
dcc-reased as o consequence of its reaction ,vith the excessive nmount of Oi becouse of
the lo,v octivity of SOD (Oury et al., 1996). It is therefore rcnsonable to suggest that
MESB ntoy also be preserving renal nitric oxide levels by inercnsing SOD activity, thus
pre,cnting Oi accumulation and reducing the production of the toxic reaction product,
pcrox)nilrite onion (ONOO") arising from the reaction bcl\veen NO· and 02••

The results from this stud)' further reveal that gcntamicin nephrotoxieity is
associated ,vith decrease in rcnol GST activity and excessive GSH utilization resulting
in depletion of cellular GSH level. Since GSH is a hydroxyl radical scavenger, result
&om this study correlates ,,•ith other findings that hydroxyl radical may play a role in
gentamicin nephrotoxieity (Shah and \Volker. 1992). P rcLreatment ,vith MESB reduced
the gen!llmicin-indueed renal depiction of GSH and decrease in GST activity. This
protective effect on renal GST ,vas dose dependent and signi Ci cant at I 000 mg/kg.
Treatment \\ith the exlrllel alone ( I 000 mg/kg} produced a moderate increase in GST

acu,ity, thus explaining the preservation of GST octivity in the: gcnt.amicin - lrCotcd rots 

C'\'en \\ 'hen the extract alone at this dose is also capoble of reducing renal GSH. The 

gppan:nt decrease in both renal and blood GSH levels ,,,jth �lfESB trcalment at 1000 

mg/kg dose in  the genllU'llicin - treated rats may be associated ,vith increased utilization 

of GSI I both as a hydroxyl radical scavenger and as o substrate for GST - catalyzed 

rtactions. This process usually faeilit.otcs detoxification ond excretion but may also be 

involved in the biosynthesis of certain compounds such as leukotricne c� (LT�} 

(Nicholson ti al., 1993), and prost.oglandins (Ujihnru ct al.. 1988). PGE2 ca.n be 

transfonned to the dehydrntion product prost.aglondin A2 (POA2), o.nd PGE, to PGA,

(Suzuki tt al., 1988). both of \vhicb are pottntiaJly toxic (Ilogo.ards ct al 1997). PGA2

-GSH conjugates may be involved in the cytotoxicity of PGA2 (Parker and 1-\nkcl,

1992). Although Assael tt al., (1985), hlld earlier hrpolhesizcd thllt lhe increase in

PGE2 observed in their \\'Ork causes vosodila1011on in the kidney to mointa,n nonnal

renal blood no,.,, and GFR dunng the development of gcnt.omicin nephrotoxicity, the

increased PGE, production may actually be coninbuting to the renal damage through Its

,-ft·" · 
th t xi·c "onn PGA r.sH conjugates h's possible therefore..._,onnouon 10 e cyto o ,, , r'-' 

•'--· · d prosUlntandins biosynthcsis and their c.onJugotion
uwi increased leukotnencs llfl i;.o 

rod I · ·r. le In gentamicin nephrotox1elry ond MESD al hip,h dosesP ucts p ay SlgJU ,cant ro 

be n c on this n..'lthWIIY to cause increase GSI I depiction o.smoy exerting some 1n uenc r-

obscn c:d in this study. 
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Furthcnnorc, many 0S11 conjugnlcs undergo further enzymatic n,odificntion by
h)-drol)'Sis of the glulllthione - S - conjugnte at the y-glutnmyl bond. This renctjon is
catlllyzed by the enzyme y-OT. In addition to hydrolysis, y-GT can catalyze
mwpcptidntion or auto-t.ranspeplidntion. y-GT is nn enzyme loco.lized in the cell
membrane of mnny cell typeS including kidney tubules. The kidney, in fact, has been
shown lo bnve the highest activity in several mnmmols studied, including bumnns
(Hinchmnn nnd Bnllatori, 1990). The decreased activity of thjs enzyme due to
gcnuunicin lrCatment as observed in this study may also ploy a role in gcnlllJnicin

acphrotoxicity by i1npoiring further enzymatic modification of cytotoxic GSI-I
oonjugntcs. The activity of AST, ,vhieh is also localed in the proximol tubule, (Guder 

and Ross, 1984) ,vas decreased. 5'-NTD and G6Pase (suitable marker enzymes for 

plll5IIJ8 membranes) ,vere similarly decrensed in the genlllmicin - treated rats. The 

inllcth'lltion of these plasmn membrane marker enz.yn,es reveals mcmbrame dnmnge 

from genlllJnicin - induced oxidntive stress, causing disruption io membrane function 

and its eventual collapse. All these may contribulc to the proximal tubular dnmage 

during gentrunicin treatment as nlso observed in several studies. The MESB i.n this 

study increased G6Pase nctivity, though not significantly, at n dose of 500 mg/kg/day 

bul caused n significant decrczc in the nctivity of the cnz.yme nl 1000 mg/kg/day in the 

gcntamicio - treated nus. The activity of 5'-NTO, ho"·ever \\'US dccrcnsed dose -

dependently in these ruts, though nol significant. Treatment ,vith the extract alone 

(I 000 mg/kg/day dose) decreased the activities of these enzymes, the effect being

stronger on G6Pase. TI1is seems to funher suggest that MESB in large doses may

induce mild to  moderate impainnen1 of rennl function ond possibly in prut, by

impairing tubular membrane function. lo addition, the 1000 mg/kg dose of t.fESB did

001 offer greater histologjc:al protection thnn the 500 mg/kg dose ogoinst gentnmicin -

induced rcnnl toxicity. 

It seems possible therefore, 1hot the defoued MESO 01 o rclotivcly lo,v dose hos

·r. b'l' · rr. 1 on the cell 1ncmbronc and/or other ,·ital cellulara spec, IC SUI I 1zing eucc 

I uJ d th Pro•-t onrunsl gcnU1111lc1n - induced micro�omnl damnge
lllllcromo cc cs nn cnn us ...... o 

or tubular necrosis. The protective effects of the extrDCI appear to be related to the

Bntioxidant polyphcnolic content present in soybean 
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s.tJ Cisplatin Nepbrotoxicicy nnll Protective effect of l\'fESB

Cisplatin (cis-diammincdichloroplatinum II, COOP) and other platinum 

derivatives nre among the most elTective chemotherapeutic agents ,videly used in the 

u-eatmcnt of a variety of malignancies, including head nod neck, ovarian nnd testicular 

cancers. 110,vcvcr. the full clinical utility or these drugs (cspccinlly cisplatin) is limited 

by nephrotoxicity. the most common adverse effect. in many cancer patients (Schrier, 

2002). \Vhilc several nntincoplnstic agents frequently exhibit ncphrotox.icily, the 

plotinum derivatives ore among the most frequent compounds leading to reno.I injury 

(Schrier, 2002). Approxi mately 28 10 36% or patients receiving on initial dose (50- to 

100. mg/m2
) or cisplati n develop ARF (Leb\\ohl and Canetta. 1998: Ries and

Klostcrsky, 1986). Since even vigorous hydration has not been effective in eliminating

toxicity and the use or diure1ics mD)' complicate the electrolyte disturbance induced by

cisplatin., discontinuation or cisplatin remains 1he onJy option in cases of progressive

mial fuilUIC. Thus, there is o pressing need to protect the kidney ,vhile odmin.islcring

effective chemotherapeutic agents, such as cisplotin.

The mechanism of cisplotin nephroto:-ici ty re1nains to be fully eluc ida1cd. ln 

addition to direct tubular toxicity in the form of opoplosis and necrosis (J\mny and 

Salirstcin. 2003). vascular ractors (Luke er of .. I 992: \Vinston and Snfirstein. I 985) ond 

mOammation (Ramesh and Reeves, 2002 and 2003) that hove been irnplic�tcd in the 

pathogenesis or cisplatin - mediated nephrotoxici1y, several other studies hove also 

demonstrated thnl oxidative s!RSS is involved in the development of this drug's renal 

tubule injury (Baliga er of. 1998: Nath and Norb}. 2000; Tsut.sun1ishito er of., 1998; 

l\latsushima er al. t 998; Yilmnz et of., 2004; Davis er al. 2001; Klldiko) lu ct al. 2004; 
Shioo er of, 2003). The involven1ent of oxidative SIICSS is further supponed by the fact 
that free radical scavengers and antioxidants prevented cisplluin - induced 

ncphrotoxicity (Sener et of .. 2000; \Veijl et of., 2004, Satoh er of., 2003, 11am er al.

2001; Davis er of , 200 I: Tsuruya er of , 2003: 01cJ..cy tr al , 2005; Guice et al , 2006). 

The pro teeth c benefit or nnuox1donl food supplcmen1 against c1spln1in toxicity 

h:ls been reported (A vci er al., 2008) There is 1ncreosmg evidence thnt dietary 

b · ·1y in soy� as i.soOuvones ho,·e a benelic1nl role inP )1oestrogens present pnman 

bro · nal .,, ro .. n· h I al 2001) Nutritional intervention studies hu,e sh0\\'11
c rue n: wscn.sc v�·•c e , 
,L- . r b d protein reduces pro1e1nurin nnd 011cnuo1es renal..,,.t consumpuon o so)'· a.sc 
r. · -·-' d 1· .... imols and hun1ans ,Yllh vanous rom1s or chronic,uocuorutl or suuctww wnngc n ... , 

· . 
al 200 I) llavin" demonstrotcd the protecuve benefit of therenal disease (R.onicb el ., · ., 
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ll)Clhanolic extrnct of soybcnn (MESB) against renal injury induced by gentamicin 

(Ekor el al., 2006), it ,vns therefore hypothesized in this study that the antioxidnnt

polyphcnolic compounds in soybean ,vith demonslrnble antitumour activity (Messina el

al, I 994; Knight o.nd Eden, 1996; \Vei cl al., 1995; Barnes cl al .. 1990) may provide 

the snmc protective benefit in cisplatin - mediated ncphrotoxicity. To justify the 

rationale for th.is present hypothesis, the optimism that the anticnrcinogcnic effect of 

SO)bcnn may syncrgizc ,vith that of cisplatin ,vhilc at the san,c time protecting the 

l.idnC) from damage b y  the lotter \\'BS expressed. If this happens, the therapeutic 

cfficnc:y and clinical utility of c:isplatin \\'Ould be greatly enhanced. In addition, the 

increased risk of nephrotoxicity and renal failure in patients ,vho should benefit from 

aminoglycoside plus cisplotin combination ,vould nlso be reduced. 
ln this study, nephrotoxicity \\'llS induced 01 an intraperitoneal dose of 2 mg of 

c:isplotin per kg body \\eight for 5 consecutive days (Lc:onord e1 al .. 1971), which is a 
well accepted duration of �tment in clinical practice:. Assessment of rennl function 
24-hows after administration of cisplotin revealed the induction of acute renal fuilurc in 
the rats ,vhcn compared ,vith saline-Lrcated or control group (p<0.00 I). This ,vas 

dwacterizcd by significant iocn:nses in serum c:reatinine (SCr) and blood urea nitrogen 

(BUN) le\ els (markers of impnircd sJomerular function) ,vith severe tubular necrosis 

follo,,ing treatment with cisplotin. 1nis ,vns also associated "ith marked increase in 

urinasy excretion of N-ncctyl-�-D-glucosarninidase (NAG, biomnrkcr of tubular 

da.mage) and significant hyporuuroemio \\ilh mild elevation in scrum K • ion 

concentration (elecLrOl)1C disturbance similM to clinical observation in some patients). 

Due 10 the renal excretion of cisplatin, the kidney accwnulntcs o higher effective

concentration of the drug than any other organ (11-ari ti al, 2005). This nccumulation

prefettntiolly oJTects the terminal proximal tubule and the disuil ncphron and con couse

tilhc-r spoptosis or necrosis, depending on exposure time ond concentrnuon (lkari e1 al,

2005). Low, prolonged doses of cisplotin typically induce npoptosis, "hcreas short

exposures 10 higher doses of cisplatin, as used in this study, cause necrosis (Licberthal

tt al, 1996). The diagnosis of AJlF is based on increases 1n BUN, SCr or urinary

excn:tion of enzyme i n  tubulnr cells (NAG or low molcculnr protein, beta-2·

microglobulin HhMGj) (Zhou ti al, 2006). The incn:ase 1n urinary N,\G in ARf is

induced by the lc.ikoge of tubular enzyme or by defccthe tubulnr renbso1111ion and this

could be o.ssocintcd with necrosis of the pro�1mnl con,olutcd tubules, the pnmnr) i.11e

rd . · th ·=lotin. treated rot) (lho.dhan, ti t1l, 1996, Slllr, 1998,o rug nccumulouon, ,n  e c,.,, 
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KuhlmnM et al, 1997). Ingestion of def ailed MESB one-hour before cisplatin injection 

taeh day throughout the period of administration significantly anenunted lhe ARF nnd 

protected ogninst morphological damage induced by cisplotin in the rots in this study. 

�IESD significnntly (p<0.05) prevented the increases in SCr, BUN ond urionry 

c."<cretion of NAG induced by cisplntin treatment ,..,hen administered nt 250- ond 500·

mg/kg doses. The electrolyte disturbance produced ,vns nl.so nmcliorotcd in lhese rots. 

The highest dose of I OOOmg/kg used in  this study did not offer belier protection against 

this toxicity \Yhcn compared ,vith the lo,,·cr doses. The extrnct also 01 this dose (1000 

mg/ks) produced slight but insignificant elevation of these parameters. This is similar 

10 pre,ious observntions mode in this study, lhus validating the findings (Ekor et al.,

2006). 

Results from this study funher lend support to reports from several studies that 
pro-.;dcd evidence thnt the  cellular events in cisplatin • mediated nephrotoxieity ore a 
consequence of reactive oxygen species (ROS) generation, ,..,hieh produces oxidative 
n:nal damage (Yilmoz cl al, 2004; Davis c1 al, 200 I; Kadikoylu el al .. 2004; Shino c1

al., 2003). Cisplotin in this study signifieAnlly (p<0.05) decreased the nctivitics of the 

renal eDZ)we antioxidants SOD, CAT nnd GST ,vhen compared ,vith the control rots. 
This "'OS accompanied by severe GSH depletion ond increased lipid pcroxidotion in lhe 

rtrutl tissues of the cisplotin • tre.1ted rots. This rennl oxidative sLrCSS moy have rcsuhed 

from the build-up of ROS such as 02 • ond H202 follo,ving tl1c decrease in the activities 

or the renal enzymic antioxidants. The increased generation or 02 · nnd l-l10z ICDds to 

increase production of the more rc.ictive hydroxyl (01-1') radicals vio fcnton o.nd Hober· 

\Vciss reactions (Stadtmnn. J 990) OH' ro.dicols react ot near!) diffusion-limited rotes 

"ith ony component of the c.cll including lipids. DNA nnd proteins. The net result of

this non-specific r� radical attack is a loss of cell intcgril), enzyme function and

genomic stability (Gille et al., 1994; Hnlliwcll, I 993) All these exp loin the increased

lipid pcroxidntion os evident by the significnnt clevntion in rcnnl �IDJ\ and serum total

h)dropcroxidcs os '"ell as the dcplcuon of rennl OSI I observed in the cisplotin-trc.itcd

rats in thts study. This result ogrecs \\1th findings from other studies (Somani ti al,

2000; Saad and Al-Rikabi, 2002; Oovis et al, 200 I; Borrego el al, 2004; GoOBZDlez et

al, 2004). Results from this study however, sho"' thot MESB vin ilS on11oxidMt

• 1 f 1·o .... tin" ciailatin • inducclJ oxidn11,e renal dornoge. 111cproperty ,s copab c o ame 1 , .. o .,. 

extract reversed the decrease in SOD ond CAT ocu,111cs ond GSH le,el resulting In

I · 
al MDA d total serum h)dropcroxidcs ,n cisplntin • treated rolSowmng of the ren an 
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The mcii=ase i n  GST activity produced by the extract may also contribute to its 

protective effect by  enhancing cisplatin detoxificntion ,vhich has been reported 10 occur 

,i11 adduct formation with GSH (Rudin et al., 2003). 
In addition, the incrense in nitric oxide (NO) production by cisplatin os 

indicated b) the elevated serum nitrate/nitrite concentration ,vos significantly (p<0.01) 

antnllllted by the cxlnlcL The involvement of ROS in the impttlnncnt of GFR has been 

rcponed (Hughes et al., 1996) and rcnnl NO plays an importD.nl role in the regulation of 

GFR (Baylis nnd Qin, 1996). II \\'OS suggested earlier that MESB by increasing SOD 

activity. might prevent 01 · accumulation and reduce the production of the toxic 

reaction product, peroxynitrite, ,vhich can arise fron1 reaction ,vith NO· to protect 

agnins1 gcouunicin nephrotoxicity (Ekor et of., 2006). Evidence from the p�nt study 

seems 10 suggest in addition that the extract is capable of decreasing excessive NO 

gcncrot.ion that charocterize cisplotin - induced nephrotoxicity and ARF. The effect of 

the extract in lo,vering serum nitrate/nitrite concentration (indc.'( of NO production) in 

this study \\11S significant (p<0.01) at 250- and 500-mg/kg doses ,vhcn compared ,vith 

the rats treated ,,ith cisplntin only. 'fhe highest dose ( I 000 mg/kg) of the extract, 

bo,,ever. did not provide greater decre:ise in NO level ,,•hen con1pnrcd \\ith the lo,ver 
doses, and also did not produce nay significru,t chnngc in NO production when 

administered alone (i.e . .,..,ilhout eisplatin injection). 

Furthermore, there is increasing evidence thnt strongly suggests the role of 
inn11111mation in the pathophysiology of acute renal injury (Bonventre, 2004; Burne er

al, 2001; Fricde\\'llld and Rabb. 2004; Okusa. 2002}. Results from this study sho,v that 

cisplatin - induced renal injury con cause polymorphonuclear leukocyte infiltration and 

accumulation as indicated by the significnnt increase in myeloperoxido.sc (MPO)

activity in the cispl:uin - treated rats This observation ,vhich supports 1nnrunm111ory

mechanism 10 cisplotin ncphrotoxicicy corroborates similar findings from recent studies

(Guice er of., 2006; Liu et al, 2006; Li et al. 2005, Areny and Snfirstcin, 2003;

Ramesh and Reeves, 2002). It 1 s believed that the inliltr01ing phagocytes (neutrophils

a.nd macrophages) can lead 10 the release of cytokincs/chcmokincs (13onventrc, 2004;

FricdcY.'ll.ld nod Rabb, 2004: Kelly et of, 1999; Ol..U$0, 2002; Ramesh and Reeves,

2002, 2003; Lu ct of., 2008). Cytokines, pnrt1eulorly tumour necrosis factor-a (TNF-a),

ha be h 'b te 10 ci'splalln-induced rcnlll injury and to co-ord1natc theve en s OY.11 to contn u 
· . . .... of chc1J1okincs and cytokincs in the kidney follo,\1ngacttYllllon of o large netwo," 

I . . . n�- h d Reeves 2002) The ability of MESD to decrease theCISp 11110 1nJeCIIOO (ruuuCS M ' 
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Jt113I octivily of t-iPO in the cisplntin - treated rots suggests its protective effect is also

rtla1cd to its abilily to reduce leukocyte infiltration and subsequently do,vn-regulate 

some components of the inOamrnntory mechanisms thnt contribute t o  this injury. In 

fact, it \\'Ill not be unreasonable to speculate thot inhibition of either TNf-a production 

or its activity is involved in the protection afforded by MESB ogninst the renol 

d)-sfunction nnd strueturol dnmogc obsef\cd in this study. TI1is spceulotion is largely 

prcdicoted on recent experimental findings by Ramesh and Reeves (2004 and 2002).

Pcc,ious observation by Jones and Shoskes (2000) in ,vhieh quercctin prevented 

cisplotin - induced cellular injury nnd upregulation of chemokines in the renal cortex in

1ilro, also strengthens this speculation. This is also in line ,vith the suppression of l'W-

1tO activation, cytokine/chemokine expression and neutrophils infiltration reported by 

Li ti al. (2005) in the study of lhe ameliorative effect of fibmtes pretreotrncnt in 

cisplolin - induced renal dysfunction. 

Similarly, the role of MPO in vo.sculnr pathology has n:cently been highlighted. 

�IPO is abundant in phagocytes nnd cotolyzes the reaction bet,.,.een 1-1202 nnd er 10 

produce HOCI and other oxidizing species (\Vinterboum cl al .• 2000). It also utilizes 

'O· to generate reactive nitrogen species, thereby reducing '0· bioactivity nnd 

increasing oxidative stress (Eiscrich cl al., 2002; Gout ct al .• 2000). The decrease in

rmal activity of MPO produced by MESB in this s1udy mny enhnnce NO bioactivity, 

impro,e reno! haemodyno.mics nnd reduce oxidative stress ossocintcd ,vith the 

incrcnsed MPO activity in the eisplatin - treated nus. Again. the highest dose ( I 000 

mg/leg) of MESB did not offer better protection against this cisplatin • mediated 

activorion of polymorphonuclear leukocyte infiltrntion ond inOomnlation in comparison

\\ith the lov,cr doses (250- and 500- mg/kg), TI1e cxtrucl ( I 000 mg/kg) when

administered alone did not produce significanl change in MPO activity ,vhen compnred

\\ith the control. 

Results from this study also demonstrate that the pro1cc1ive benefit offered by

�1£S8 against ncphrotoxicily nnd acute relllll ro1lure induced by cisplo1in may also be

rehited 10 ilS obi lily 10 inhibit renal xanlhine ox1dnsc (XO) activity. The nc1ivit) of this

mzyme (XO) increased follo,ving cisplatin ueaunent ns \\'!IS nlso observed by Guice et

al (2006). XO is nn enzyme of punne co1obolisn1 1h01 cntoJY7es the conver1ion

· hi onthine lllld XJU1thinc 10 uric acid ,vith by-product of toxic
rcac11ons of hypoxo.nt ne to x 

. . _A, 1 lhi nt1rd It 15 0 key cn1yme be1,,ccn purine and free radical
superoxtdc rod11.41J, n s re.,,.. 

· 
1 2003) XO exists primonly ns xnnlhine dch)drogenasc

metabolism (Gu lee et a . , · · 
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(XDII) in healthy 1issue. A proposed palll\vay ror the rorma1ion or Oi · radicals 

111dudcd 1he trnnsrom1a1ion of XDH to XO during ishaemic period. Xanthine 

degrodn1ion by XO, not by XDH, also leads to the formation of H202 and OH· radicals. 

n,c increase in XO and combined XO plus XDI l activities follo,ving cisplatin 

at3tmcnt may enhance gcnemtion of ROS and partly be responsible for increased lipid 

ptroxidation and oxidative damage that chllnlcterizcd this drug's toxicity in this study. 

�!ESB through its antioxidant activi1y and possibly by interfering ,vith purine 

mctnbolism may inhibit this path\\'llY of ROS production and thus reduce the effect of 

!he induction of XO activity in cisplatin-n,cdiatcd ncphropnthy. The highest dose of

�tESB, again did not offer greater decrease in the activities of these cnzytnes.

Cisplatin nephrotoxicity in this study ,vas also associated ,vith plasma 

membrane damage as indicated by the significant decrease in activities of renal 

glucosc-6-phospbnuise (G6Pase) and 5'-nucleotidase (5'-NTD). This mny result from 

direct tubular injury or peroxidntive damage cnused b)• exnggcrotcd ItOS production 

and inactivation of these mcmbrnme-bound enzymes. MESO only aucnuatcd this

plasma membrane damage at 250 mg.lkg dose. TI1c extract alone ( I 000 mg/kg) 

produced mild decreases in the activities of these cn.iyn,cs. 

It is pertinent to conclude here again for 1he purpose of emphasis thnt, although 

�IESB at high dose preserved the activities of antioxidant enzymes and ren.al function, 
its ability 10 decrease the activities of G6P:ise and S'·NTD ,vhcn administered alone and 

also to decrease GSI I level when administered wit11 cisplaun and , vitb gentnmicin from 

pttvious experiment (Ekor el al, 2006), suggest that the exlr.lct in lnrge doses may 

probably produce proox.idnnt effects 

S.IJ Free Radicnl cnvcnging :ind Ancioxidant ;\c1ivltles of l\lE 0 

In recent years, na,onoids ho,e n1trocted n tremendous interest as possible 
,.,� 1• · 1 r. -d1·� .. J mediated diseases (Middleton ti al. 2000). Sca,cnginguigupeu 1cs aga1ns ,rec,.. ..... 

of free radicals has been suggested to play o cons1dcrnble pan in the anuoxidant activity

of lhcse compounds. The aniioxidnnt and nntipromotional effects of gcnistein, the most

b .. __ n 
· ha"e been reported (\Ve1 cl ,11. 1995). Consumption ofa unuw,I ISO avone ,n soy • 

.,___ · · d. h been nssociotcd ,vith the lo¼er incidence of ccrt0in humansoyu,,u11·COOl0Jn1ng 1ct.s as 
• 

d 8 1991· Domes cl al 1990; Setchell cl al, 1984). Results cancers (MesslD11 an amcs, , • 

r. 
• 

• h' study ho, c demonstmted the ability or the methnnolic
,rom previous cxpcnments 10 L 1s 

n.Ar.SD) rotect aon,nst gcntrunicin· and cisplalln· Induced
CXlracl or soybean \'..... 10 P o--
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r,cphrt>IOXitil)' nnd acute reno! failure. The protc:c1ive action by this extroct ,vos 

suggcs1cd to be largely dependent on the observed antioxidant activity and in addition. 

anti-inOIU1\mOtory property in the case of cisplatin - medinted nephropathy. It ,vas also

suggested that these actions in these experimentol models of nephrotoxicity ,verc 

relalcd to the 10101 phenolic content of MESS. To vntidnle these speculations and 

PfO'ide explanations for the effects observed in vivo. the an1ioxidn.nt ond free radical 

,cn, enging activity of the cxtroct \\115 evaluated i11 vitro.

Phenolic compounds hnve been reported to function as antioxidants by vinue of 

lheir obility to dona1e hydrogen to stabilize f'C.l)ttivc nnd unstable free radicals (Rice­

E,-ans et al., 1996). Indeed, results from this experiment indicate thnt phenolic

compounds niny mnke n major contribution to the antioxidant c:n_pocity of the MESB.

The reducing po,ver increased ,vith increasing concentration of the extract (result

depicted in figure 3 I), indicating the presence of electron donors ,vbich could react ,vith

free radicals to  convert them into more srnblc products nnd to tcrminntc radical chain

reactions. The FeCl3'K3Fe(C� system has been sho\\n 10 offer o sensiti,,e method for

lbe "scmi-quantimtivc" dctennination of dilute concentrations of polyphenolics, ,vhich

participate in the rcdox reaction (Amaro,vic1 ct al, 2004). In this a.ssny, �IESB causes

lbe reduction of Fc3
' /ferricyonide complex 10 the ferrous form, o.od the Fe1

• ,vns

monitored by measuring the formation of Perl's Prussian blue ot 700 nm (Chung ct al.,

2002). The obsorb:incc vnlue produced by rESD ot 800 11& (0.043:0.009) compares

with that of the reference standard, cotechin (0.0<15¼0.016), ot 50 II& indicating thol the

reducing p0\\'e.r or MESD \VOS much less than that of catcchin. The nbsorbance values

ranged bet,,een 0.016±0.007 to 0.043±0.009 et MESB concen1ro1ion of 10-800 11g.

Though less potenl than cotcchin, polyphcnolics in 1',11;S8 oppenr to function os good

electron and hydrogen-atom donorS ond therefore should be oble 10 terminate radical

chain reactions by converting free radicals to more stoble productS. 

It is clear that due 1o  the complex n111urc of the diffcren1 ph) tochcmicol classes,

the e.ntioxidanl capacities of plont extrncts cannot be evaluated using o single method 

This Justifies the use of O muluple-mc1hod approach in on1ioxidnnt oc11vi1y D.SSCssmcnl

as recommended in literature (Frunkel ond lllleycr, 2000, Aruoma.. 1996, 2003, Aruomo

ti al., 1996). ln this study, 0 number of wcll-cstoblished In vitro OSSAYS \\'CCC used to

Ci.·-- • ... di ,·ox -'--t nctions of ME.58 It is  \\-Cll IJ\0\\11 thnt antioxidants
1wractcnzc u,e ICCI Qll I IWW � 

· th r. _.,. I ... 0 of oxido1ion ond form stable: free: radicals ,,hich \\Ould
C8JI SCIZ.C C lf'CC ,...,1CO Crud 

• • • r. rtl er oxidntion I I-Diphenyl-2-p1crylhydruzyl (DPPH) has
IIOl 1n1l10lC or propng,:ite ,u  I • ' 
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l,ccn used extensively ns O free radical to evaluate reducing substances (Schimada el al.,

1992; Duh and Yen, 1997). MESB in this study exerted significant scavenging clfcct on 

OPPI 1· Radical nt lo,ver concentrations (25- and SO- µg). This is depicted by the

significant decrease in absorbancc values (p<0.05) of reaction mixrures containing

�tl�SB at these concentrotions ,vhen compared "ilh control (,vithout MESB) (result

$b0\\1l in Table 3H). It is kno,vn that a freshly prcpnrcd DPPI t· Solution exhibits a deep 

purple colour ,vith an absorption mnx.imum at S 17 nm. 111is purple colour generally

(lidcs or disappears ,vhcn an antioxidant molecule can quench DPPl-L· (by providing

hydrogen atoms or by electron donation, conceivably via a free radical attack on the

OPPH· �lolecule) and convert them to n colourless or bleached product (i.e. I, l­

diphcnyl-2-hydrnzinc, or a substituted analogous hydraz.inc), resulting in n decrease in

absorbancc (Vnrnoguchi el al., 1998). This present result corroborates the detection of

phenolic compounds ,vith antioxidant property on spraying spotted fractions from

�!ESB \vjth DPPH solution on nc. which gnvc distinct yellow colour. The

scavenging of DPPH' Rndicnl by MESS. ho,vc,·cr. decreased ,vith increasing

ronccntration. The scavenging activiry against DPPI 1· Radical ,,11S also lo,ver thnn

lhosc of the standard. cntcchin. 

Furthermore. the antioxidant activity of �ffiSO \\"[lS also demonstrated in the

TEAC system and catcchln also sho,vcd greater potency than MESB in this system.

The TEAC system involved the potentioJ scavensing of nn nrtificioJly generated ABTS•

radical (Campos and Liss,. 1997). MESB increased the TEAC values b)' 148¾, 682�,.

2280% at 250 µg, 250 µg GDd 500 µg respectively. The high ABTS+ radical scavenging

activity demonstrated by MESB attests to its antioxidant potentioJ and explains the

observed In ,,1,•o antioxidant activity and the protccti,c effects against gcntamicin- and

cisplaun-induced renal oxidative dnrnnge. t.lESD on the other hand, did not seem to

exhibit anuoxidnnt activity in the FRAP assay. In this assny, it is expected that

�uctJon of ferric to ferrous ion at to,v pl I should cause a coloured fcrrous-

tn. 'd I · · I to r0� The decrease LO FRAP "nlues obscf\·ed ,vith MESB
p)n y lnllZlJIC comp ex 1

1 

u= 

d I t \·"th the increased reducing po,ver recorded in the
ocs not 5eem to com: a c ., 

F.r1.tv F CN . n. -""'n for this i� not vcr) clear at the moment. 1 lo\\cvcr,

C'- Y"l c( )1> S)'SlCffl, I 11C ,......,... 

,L. • • 
• components in MESO or the possible interference or

ui,; stability of the o.cuve 
• • 15 wi·th uipyndyltriazine in the rcactlon system mny hove
uneracuon of these componen 

accounted for this. 
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Also, lv1ESB produced 22-56% inhibition of d 'bo 'd · eoxyn sc ox1 auon at 

cooccntrotion range of 200-1000 µg. lltc reference drug, catechin, produced 67¾

inhibition lit SO �1g, once ogoin, demonstrating its greoter potency over MESB os on

1111tio:<idnnt. The deoxyribose method is a simple assay to determine the rote constants

ofh)dro:<yl rodicols production (Hallhvell et al., 1987). The mLxture of FeCl)-EOTA, 

H101 and oscorbatc. ,vhen incubated ,vith deoxyribose in phosphate buffer (pH 7 .4),

generates OH' Radicals ,vhich attack lhc dcoxyribosc and result in a series of reactions

lh,11 cause the formation of lvIDA. The decrease in dcoxyribose degradation produced

by �lESB as mensurcd by the reduced MOA formntion suggests o competition ,vith

dcoxyribosc for the availability of OH· Radicals. Thus, the dose-dependent OH· Rndicol

scavenging activity demonstrated by lvlESB in this study further cxploins its

effectiveness in vi\•o in attenuating gentomicin- and cisplotin-induced reno! oxidative

dlmngc. The scavenging of OH' Radical in the dcoxyribosc ossay ,vns comparable to

ptt,-ious studies conducted on extracts from several ,ncdicinnl plants (Schinello et al .•

2002: �lunasingbe ct al., 2001; Neerghcen ct al . 2006). J./011fn1iastr 11n1 ac11tlsepol11n1,

in the study carried out by Neergheen et ul.. (2006) provided 32% inhibition of

deoxyribosc degradation nod sbo,,-ed \\cakcr scavenging activities to\\'!lfd ABTS•

radicol and hypochlorous acid. This \\13S 31tributcd lo the fact that the 3Ssnys used to

detennine the antioxidant octivit) \\Crc ba.sed on different mechanisms ,vith different

expected results, thereby indicating thllt extracts sho,�1ng poor antioxidnnt properties in

one as.say system should not be catcgorited ns poor sources of an1ioxidan1s. This hos

been described as an important issue for studies to nsscs.s the antioxidant potcntiols of

bioactive components in both food plants and mcdicinnl plants (Aruomn, 2003). 

MESB in this study also exhibited marked scn,enging effects on NO· and 02'

radicols at moderately Jo,v cooccot.rotions (fable 30). The scavenging effect on these

radicols decreased \vith increasing concentration of the cxtr.lcl nnd bccnmc pro-oxidant

11 conccntrouo ns?: I 00 µg for Q1' radicals �1£SB produced 23¾ and 68% scn,enging

acthity on o2, radical o.nd 22¾ and 24¾ on NO radical at IO µg nnd SO µg

,-,....,. · I Th 'nh'b't "' cfJicct on NOT reduction 1n this study is primarily due to 

rtSpc:clt.,re y. C I I I 0,J 

n., . ....:p (Ji I by •·I.ESB 1n 11ddition 10 its observed inhibitory activh) on

vi sca,·cngiog. , uu e cc 1Y 

,1. 'd f I ould moke the cxtr11ct , cry elfecti,c 1n preventing 01'

Xa.nu.inc OXI DSC II \I VO, "' 

_.,. • b' 1 ·--• 5,,stcms. s,oulorl), the scavenging of NO' in this i11

, .... 1cal accumulauon 1n 10 og1cw J 

l I Ith the decrease ,n n,trotc/nitnte le, els (indeit of NO 

v tro study also com: ntes w 

. 1 · cisplotin-uentcd rots Overproduction of NO and its

producuon) observed In v 1·0 1.n
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inc�bolilcs. in particulnr the deleterious molecule peroxynilrite (ONOO) hove been

suggested to contribute to numerous pathologicnl condilions associated primnrily \\ilh 

infllllll11llltory disorders (Clancy nnd 1\brumson. 1995). The indirect seovcoging of 

ONOO' by MESB as demonstralcd in its ability 10 sc.ivcngc 02� nnd NO· in vitro.

coupled \vith its ability to decrease NO· production and MPO activity in 1•/1·0 re-iterates 

earlier suggestion of possible involvc1ncnt of an anti-innammatory mechanism in the 

protection ogainsl cisplatin ncphrotoxicity. Similar reports have been mode in other

st11dies. Kobuchi et al. (1997) revealed thnl Glnko biloba extroct (Egb 761) not only 

directly acts as a NO scavenger, but also inhibits NO production in LPS/JFN-y­

acti\'olcd mocrophoges by concomitnnt inhibition of induction of iNOS mRNA ond the 

enzyme octivity of iNOS. Similar effects \\'ere reported \vilh epigollocotechin gallote 

(Chnn ti al., 1997). In addition, Sheu et al (2001) and Kim er al. ( 1999) also reported 

on the inhibition of NO produclion in LPS-octivotcd mncrophoges by isonovones, 

including genistcin. similar 10 Kobuchi t!I al ( 1997) or Chon er al ( 1997). These 

rq,orts support this present result and lhc soybenn isonovones present in MESS might 

be panly responsible for the NO· scovcnguig octiviues ru,d by extension. the llllti­

inflammatory activity o f  the extracL 

Data from AAPH- and Fe2·/oscorb:11c- induced lipid peroxidotion assays further

establishes the antioxidant and free radical scavenging properties of MESB. The 

cfTecU\eness of �!ESB 10 inhibit lipid peroxidotion in these t,vo models \\'l!.S

comparable. MESB produced 20-40% and 24-46% in AAPH and Fc2•1oscorbate

systems respectively at concentration range betv,ecn 100-800 µg. This result

demonstrates the ability of MESl3 to sca,cngc peroxyl radicol generated by AAPI I and 
OH· As \\'CII ns other radicals generated 1n the Fei·,o.scorbate system. The direct 

scavenging effects on ROS observed earlier and the inhibition of MPI 1 and 
Fe2'/a.scorbate-induccd lipid peroxidotion provide funhcr evidence for the antioxidant 

and protective effects demonstrated b) the extrnct 111 vln,

ln I · •• �c,B '-A• demonstrated significant antioxidont and free radicalcone USIOD, !Vu;.., I= 

· 
• • • 1 It O These result., correlotc ,vith obscrvolions mode 111 1111'0

5Cllvenging acuv111cs II v r , 

__ ., th · I · ns for lhe rcrnorkoble protective effects of MESB in
v.uu us provide exp IIJlllllO 

'-- • • 1 .. _,, .1-mage induced by gcntnmic1n and cisplaun This points
nep,uulOXICIIY and ox .....,ve uu 

. fi d future use of SO) beon in oxiruitive and free radicalto the potenuoJ benc its on 

pathologies. 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



S.1.-1 Pbytochcmicnl Analysis ofMESB

It has been reported that lhe environmen1al conditions such os lati1ude, altitude, 

... 1 10n os, ,or exnmp e,tcmp<ralure ond precipitation can alTect the soybean sc•d compos·l· � I 

the protein and oil contents (ZeUcr 1999; Vnn Barneveld, 1999). Indeed, Qin l!I al.

(1998) shov,cd that the contents of anti-nutritionnl factors ,vcrc different bet,vccn ro,v 

soybeans produced in l\\'O distinct geographical regions. Vollmann er al. (2000)

described genetic vnriations and significant dilTc:rcnces in the protein content of 

soybeans cultivated in distinct climates. Dosed on these facts, il is rcasoruible to

question whether the soybean cultivars adapted to gro,v in locnlity or regions present

dilTcrc:nces in their seed compositi on and nutritional profile when compared to eultivars

tJOWn in distinct regions around the \\'Orld. Furthermore. information on the chemicnl

composition and anti-nutritional and/or toxic protein contents o f soybean cultivars

exposed to typical tropical environnient is scarce. llius, the present experiment was

undertaken to a\lernpt 10 identify so me of the kno,vn compounds and/or possibly isolate

oew compounds. 

Results from lhis experiment indic:ited the presence of dilTercnt classes of

phenolic compounds mainly of the dihydroxy group 1n the ethyl ocelllte frnction, SBEF.

Some pbcnolics ,vith trihydroxy groups together ,vith other non-phenolic compounds

wm also identified. 

Phenolics exhibiting antioxido.nt activity using the DPPl-1 spray system ,verc

detected in ethyl acctote fractions SBEFS, SBEF6 and S8EF7 - obtained on open

cbrom:uogrophy (fable 4.2). further frnctionotion of SBEFS on Sephadex LI 1-20

)ielded SBEFSa, SBEF5b, SBEFSc, SBEF5d and SBEFSc (Tobie 4.3). SBEF5o

(compound I) nnd SBEFSt (compound 2) were obtruncd o.s chromotographk4lly pure

compounds ,vhilc others contoincd mi>.tun: of compounds. SBEFSc (c-0mpound 2)

which reacted \\ith FeCIJ is the onl)· phenolic compound obtained fronl SOEFS ond

belongs to the t.rihydroxy group. llus phenolic conipound does not sccn1 to possess

111tioxidant property in the DPPI I spray s) stem. Other frnc11ons obtoined fro m SDEFS

(a.c SDEF5o, SBEF5b, SBEf5e and SBEFSd) ore non-phenolic ond did not exhibit

antioxida:lt property in the OPPI I spmy model

Furthennorc, ('roction.otion o f the n-buU10ol frnction of the soybeon e'(lmct

(SBBF) on open column chrom.otogrophy yielded SBBfo, non-phenolic no n-

• th th SOOfb SBOfc SODFd ond SOOfe ,vhich ore non-phenolic

anuox1do.n1, toge er wa • • 
. . - i-'-�t proni-nies (Tobie 4 4). Subsequent fmctionotion of

compounds exh1b1ung onuox uw• , . -

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



SBBF nnd S8Bf-d2 on reversed phase liquid chromntogrophy and Scphodcx LH-20

respectively yielded the non-phenolic Mtioxidont compounds, SBBFd2b (compound J)

3nd SB8Fd2d (compound 4), in their pure fonn (fables 4.S nnd 4.6). Similo.rly,

fiactionotion of SBBFbl on Sephadcx Lll-20 yielded S88Fb2b (compound S)

SBBFb2d (compound 6). Compound 6 is o non-phenolic compound ,vhich also did not 

t:<hibit antioxidant property on spraying ,vith DPPH. Compound Son the other hand is 

11 phenolic compound ,vilh antioxidant property (fnble 4.7). The reaction of compound 

5 wilh DPPH ,vas in1n1ediote and colour development more intense ,vhen compared 

"ith those produced by compounds 3 Md 4, indicating that it· s a stronger antioxidant. 
In summary, 

• Compound I sho\\'Cd neither antioxidant nor phenolic propeny.

• Compounds 2 sho,vcd moderate phenolic property "ilb ferric chloride ,vithout

ontioxidru11 property. The development of blue-block colouration spot on the

orange background in compound 2 is stronger than compound 5 ,vhicb nlso

demonstrated phenolic property.
• Compounds 3 and 4 demonsu-:11c:d moderate: ontioxidnnt properties and the

reaction ,vilb DPPH \\!35 ,vithin 2 -3 minutes but \\ithout phenolic property 01

all.

• Compound 5 sho,,cd both antioxidant and phenolic properties. l lo,vcver, the
de,•clopmcnt of ycllo,v spot on the purple background in compound 5 ,vos 

,vithin I minute (almost immediate) 01\c:r spraying ,vith DPPH ,vhile that of 

compounds 3 nnd 4 sho\\-cd up gradu:illy about 4 minutes later, indicating that S 

has higher antioxidant activity than J and 4. This foci ,vos further supponed by 
the strong intensity of the )'Cllow spot of 5. 

• Compound 6 was nc:ilhcr phenolic nor ontioxid11nt in its reactions ,vith ferric

chloride o.nd DPPI I respectively

• All isolated compounds, ho,,evcr, reacted ,v1th the general purpose dctccung

reagent (sulphuric acid) 
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CONCLUSlON 

l11e relationship between geotamicin nnd cisplntin ncphrotoxicity nod oxidative 

�s ,,11S further cslllblishcd in this study. 

The melhnnolic extracts of soybean (MESB) attenuated the nephrotox.icity and 

acute renal dysfunction induced by  gentnmicin and cisplatin in rat by reinforcing the

antioiddnnt defense system in vivo. The innamrnatory con1ponent associated ,,rith 

cisplotin reno! toxicity ,,•os wnelioroted by lhe ex1rnc1. MESB nt o relotively lo1v dose 

probably has n specific Slllbilizing effect on lhe cell membrane and/or other vital 

cclluh1r macromolecules and con thus protect ogninst genlnmicin- and cisplotin­

induced renal do.mngc o.nd tubulnr necrosis. !lllESB exhibited significant free radical 

scavenging and antioxidant activities, in vitro. Phytochemistry revealed the presence of  

antioxidant phenolics 1vith dihydroxy wid trihydroxy groups. Also present in the extract 

art non-phenolic compounds ,,ilh and ,vithout witioxidnnt propenies as ,veil as non-

phenolic antioxidants. 

MESB therefore, via antioxidant and free rodicol scavenging octi,•itics, in 

addition to possible anti-inOammotory effect of the phenolic and non-phenolic 

compounds present in it, offered protection ogninst gcntnmicin- and cisplntin- mediated 

nq,hropalhy. Oaui from this study point 10 lhc potcntioJ benefit of soybean as possible 

useful adjunct in patients receiving cisplotin and gcntnmicin therapy. 
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5.J CONTRIBUTION TO KNO,VLEOGE 

1. On1a from this study provide information for the first time thot renal injury ,vhicb

moy progress to acute rcnnl failure follo,ving therapy ,vith gentamicin and cisplatin

during bacterial and cancer chemotherapy respectively may be arneliorated ,vith a

dictllf) supplement or co-adminisu:11ion of soybean. This revenls ndditional

potential therapeutic o r  chemoprophyloctic benefit of norurally occurring

constituents present in soybenn.

2. This study hns contributed to the body of existing evidence ,vbieb had implicated

the panicipation of free radicnls and disruption of the antioxidant defense system in

the pathophysiology of gcnlnmicin- and cisplotin- induced ncphrotoxicity and

suongly supports the involvement of inflnmmotory mechanism in the toxicity

mediated by the laucr.

3. The safety of soybean and its products on consumption hnd rcmoined controversial.

This study provides information on the possible pro-oxidant potential of soybean

,vben consumed at high dose levels and therefore cautions on indiscriminate

consumption of  soybean or its products.

4. The isoOovones are generally believed to be the pn:dominnnt phenolic compounds

and ontioxidnnts in so)bean, This study idcntaficd and isoloted for the fir..t tirnc h\'O

non-phenolic antioxidnnt compounds (in addition to some phenolic antioxidiu11s

already lcno,,TI to be present} in soybean.
S. This study provides useful information for future clinical triols involving ew!W1tion

of chcmopropbyloclic or therapeutic potcntinls of soybean constituents as well as

the safe and effective doses in iatrogenic or other fom1s of reno! injury 1n patients ot

risk.
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APPENDLX 

CALCULATIONS 

J,V l'l!'O ASSAYS 

i. Crtalininc, Urea and Protein Concentrations

Concentration = O.D. oftest X Concentration of standard 
(mg/lOOml) 0.D. of standard 

ii. Catalllse activity

Toe mononuclear velocity constnnt, K, for the decomposition of H102 by catalase \\'US

determined by using the equation for a first-order re11.ction: 

K = 1/t log So'S 

\\here So is the initiol concentration of H202 and S is the concentration of the peroxide 

at t min. The values of the K nre plotted against time in minutes nnd the velocity 

constant of callllosc i<{o1 at O min determined by extrapolation. 

The catalasc contents of the enzyme preparotion ,vere e!<presscd in term of Kntalasc 

fciabigkeil or • Kntr according to von Euler and Josephson ( 1927). 

KaL f • l<ta, 
mg protein/ml 

iii. Superoxide Dismutasc (SOD) activity

Increase in absorbnncc per minute = A1 -Ao,

2.5 

\\here Ao=absorbance nfu:r seconds 

A3=nbsorbnncc I 50 seconds 

X 100 % inhibition .. increase i n  nbsorbancc for substrutc

increase in absorbancc of blank

I unit of  SOD activity \VDS given as the omount of SOD necessary to cause 50o/o 

inhibition of the oxidation of odrcnalinc to odrcnochromc: during I minute. 
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j\•, Glutathionc-S-tnansfcrnsc ncti\'ity 

The extinction coefficient of CDNB = 9 6 ·• C -•. mm m

GSH-S-trnnsfcrasc activity = OD/min X I 

= 

9.6 0.03ml mg protein 

µmole/min/mg protein. 

,,. !\lnlondinldchydc (I\ID1\) lc\'c1 

MDA - Absorbancc x volume of mixtUJl!

(units/mg/protein) E½J,._ x volume of sample x mg protein 

, l. Urinary N-11ectyl·P·D-gluco�nn1inid11Sc activity 

Enzyme activity a S x (ODs,, - ODR.O) 

ODsr-ODRB 

,,here S-"' activity of NAG Calibruot (IOlJµmol/h/1) 

ODSA 
= sample absorbance 

ODsr = Colibrant absorbancc 

ODas = reagent blank absorbancc 

,ii !\1yelopcroxidusc (l\fPO) activity 

}.!PO (units/mg protein) = I 3.5(60D/rnin) 

mg protein or mg dry tissue ,veight. 

viiL Xnnthinc Dehydrogenase and Xaolhine Oxld:ue 

Enzyme activities \\Cre expressed in nnnomolcs/min and mg protein (nmol min'1 mg

pror'1) by the following formula:

Enzyme octh ily = 

(nmol min'1 mg prot'1)

\\'here: I nmole urote/min 

1o•M·1•

Ahsomtionm/roio X lcuycne vol io Usnmple vol in mL) 

(I.Ix 104 M'1 ABSN,r• X mg protein'1

units and the millimolo.r extincuon coefficient 1s I I x 
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ix. y-Glutamyltransfcrasc (y-GT) activhy

y- GT activity ,vas calculated using the follo,ving formula;
A/min X tollll nssny volume (ml) X 100 
Ex light path (cm) x sample volume (ml) 

= U/Ly-GT

Nmin = change in t\bsorbancc per minute
1000 = factor for converting ml to litre

E = Molnr absoYptivity ofp-oitoroniline 

9.9cm2 
/ µmol at 405 nm 

factor 

Z.2 ml X 1000 .. 1111 

9.9 X km X 0.2 ml

U/L • 1111 X A 404 nm 

-L C11Jcul:11ion of Glucose-6-Phosphnt.11sc ncth'ity

Activity = product liberated .. ODT x Cone of std 

ODS 

= xnll,l 

I 

0.15ml microsomal fraction liberated 'x' cone of product 
1.0ml microsomal fraction libero led 'o • mg/ml protein 

= n X 6.6oM 

Hence 1.0ml microsomal frnction liberates 6.6nM 

mg/n1I protein 

Tune for reaction is 30 minutes 

= O.OIM Concentration of stnndard 
• 10.000µM

Activit) = ODT x cone of  std x g. x .!.. X 1 X 10 
- -

ODS I I mg/ml protein 20 I 

ODT x I 0,000 X 6.6 x
-

I X I X 10 
-

ODS I mQlml protein 20 
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= OOT x 660000 x I 
X I 

ODS mg/ml protein 20 

xi. C11lculntion ofS'- Nucleotid11sc activity

Activity= product liberated• OOT x Cone of std 

ODS I 

0.15ml microsomal fraction liberated ·x· cone of product 
1.0ml microsomal fraction liberated 'n' mg/ml protein 

=n X 6.6nM 

Hen« 1.0ml microsomal fraction liberates 6 .6nl\ol

n1gfml protein 

lime for reaction is 30 minutes 

1.0ml microsomal fraction liberated 6.6n x I 

I unit enzyme = I µM 

mg/ml 30 

1.0ml microsomal fraction liberates ODT x cone or std x 6.6 x I 

I x 10 x 1 iwt 

30 I 

ODS I 

=-ODT X 40,000 X 6.6 X I X 10 X 

-

ODS I ms/ml protein 30 I 

= ODT X 2640000 ) enzyme 

ODS 30mg/ml protein } unit 

Cooccntr.1tion of s1J1J1clard • 0.04M
• 40,0000µM

I mg/ml protein 
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J,\ l'fC_RO ASSA VS 
-

i. Inhibition of Dcoxyribosc degradation (Deoxyribosc asslly)
¾Inhibition• A,nnh - A-

X 100 

�-Ai,1w. 

\\hcte Au11111
"' absorbance of con1.r0I (\\,jthout extract) 

� = absorbance of snmple ,vith extract 

� • obsorbnncc of blank 

ii. l,I-Diphcny-2-picrylhydr:ii;yl (DPPH") Radical Sca,·cnging assay

0'o RSA .. 100 x (1-Ae/Ao) 

where AE is the absorbance of the solution ,vhco extract has been oddcd nt n particular 

level, and Ao is the absorbance of lhe DPPH· solution ,vithout cxtracL 

iii. Inhibition of Fe1-/nscorbatc anJ 2,2'-Azobis (2-an,idinopropnnc) hydrochloride
(AAPH) - induced Lipid pcrox.id.otion

1/• Inhibition = Awab - A-
X 100 

,,,be:n: A.,i. "'obsorbance of control (,vilhout exunct) 

Ac,a = obsorbance or sample ,vith extract 

Abllllk = obsorbance of blank 

h'. Nilric oxide nnd Superoxidc R:idicnl Scnvcni;ini: nsla)'S

1/o RSA.. I - t.Abs of sample 

t,.Abs of control 
X 100 
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TADLES 

Table 3A: To1nl Phenolic Content ofMethanolic Extrac1 ofSoybenn (MESB)

Extrac1 

-

MESB 

Toull Phenolic Coo1cn1 
(mg/g extract) 

50.5 ± 1.2

Value is l\llean :I:: SEM of five replicate nnnlyses, and expressed as 
(+)- Catcchin equivnleoL 
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:o?lc 3 0: �tTc�l of mclhanolic e.xtract of soybean (MESO) AAPH-· d ,ed
hp1d pcrox,dnuon. 

on m uc 

Concentration Absorbance % Inhibition 
(µg) 

Control 0.030±0.0012 

MESB 
100 0.024:0.00 I• 20.0 

200 0.022±0.001 • • 26.7 

400 0.021±0.001 •• 30.0 

800 0.018:0.001 • • 40.0 

1000 0.025±0.002· 16.7 

Catecbin 
so 0.019±0.00 I 36.6 

Absorbance values expressed os mean± standard error of mean (SEl'-1) of three 
replicates. 

•p<0.01 and ••p<0.001 ,-.hen compared ,vilh contr0I.
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Table 3C: Effect of ntethnnolic extract of be 
, 

induced lipid peroxidation. 
· soy an (�lESB) on Fe-•"/nscorbate·

Concentration Absorbance % Inhibition 

(µg) 

Control 0.041±0.005 

MESB 

10 0.032+0.002• 22.0 

50 0.031 +0.00 I• 24.4 

100 0.031±0.00,. 24.4 

200 0.030±0.001 • 36.7 

400 0.024±0.002· 41.5 

800 0.022±0.003 • • 46.3 

Catcchio 
50 0.0 I 3±0.003 ° • 68.3 

Absorbancc values expressed as mean± standnrcl error of me:in (SEM) of three 
replicates. 

•p<0.05 nod ••p<0.001 -.yhen e-0mparcd \vith e-0ntrol.
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Tnble 30: inhibition ofdeoxyribose oxidation by methnnolic extract of soybean 
�1ESB) 

Concentration 
(µg) 

Control 

!\£ESB 
200 

400 

800 

1000 

Cotecbin 
50 

Absorbnnce 

0.018±0.001 

0.014±0.00 I 

0.014±0.00<1 

0.012::-0.00 I 

0.008±0.00 I• 

o/o Inhibition 

22.2 

22.2 

33.3 

55.6 

66.7 

Absorbance values expn:ssed as mean :1: stnndord error of mean (SEM) of three 
replicates. 

•p<0.05 \\hen compared \\'ith control.
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Tobie 3E: Nitric oxide (NO'") radical scavenp,inn 
· · (RS 

of soybean (?vlESB)
0 acuvny A) of mclhanolic extract

Concentration Absorbance %RSA 

) 

Control 0.54:0.029 

�ffiSB 
10 0.42±0.087• 22.2 

50 0.41±0.00S• 24.1 

100 0.41:0.01 • 24.1 

200 0.46±0.0i •• 14.8 

400 0.48±0.009•• 11.8 

Catechin 
50 0.34:0.004· 37.7 

Absorbnncc values expressed as mean± standard error of mean (SEM) of three 
n:plicates. 

•p<0.001 and ••p<0.05 ,vhen compnred ,,ith control.
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Tobie 3F: Superoxide radical (02) scavenging activity of melhanolic extract of soybean

(MESB) 

Concentration Absorbnncc %RSA 
) 

Control 0.022±0.003 

MESB 

10 0.017±0.003 22.7 

50 0.007:i:0.00-I • 68.2 

100 0.0'11±0.003° -86.4

200 0.042±0.010• -90.9

Catcchin 
50 0.055±0.002° -150.0

Absorb:lnce values expressed as mean= standard error of mean (SEM) of three 
replicates. 

•p<0.05 ,vhco compared ,vith con1.r0I.

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



280 

Table 3G: DPPH· radical scavenging activity (RSA) r soybean 0-lESB). 
o mclhD.Dohc extract of

Conccnlrotion 
(µg) 

Control 

�1ESB 
25 

so 

100 

500 

Cstechln 
100 

Absorbancc 

0.86:t0.004 

0.79±0.006• 

0.76±0.062°

0.82±0.037 

0.85±0.007 

0.68±0.00• • 

¾RSA 

• 

8.1 

11.6 

4.7 

1.2 

20.9 

Absorbnnce values expressed ns mean:!: stando.rd error of me:in (SEM) of three 
replicates. 

• p<0.05 and • • p<0.001 ,vben compared ,vith control.
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