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ABS'fRACT {_ .. 
I� 
'�� 

Protein glycosylotion by o sugar odducllon, on oxidouve process 1s e,em ��
�:;:::;::,r::,' 

lhc glycosylntaon orhocmoglob1n A The obiecuve or this stud) therefore. is to assess the

1nnuence or the leaf extracts or Cnerl/1 /ern1g1noo on hunlllll hocn1oglob1n glycos)IOtaon.

The melhonohc extracts or the leaf or Cnestls /erruglnca ,vere prepared D.Dd tested ror the

presence of nn,·ono1ds nnd the total phcnohc content obtnined \\'llS 0.017Smg/ml Catccll1n

I loemoglobin \\11S port1nlly punficd from the cn1hrOC)1cs of normnl and d1obe1ic

1nd1vidunls nccordmg to the method of Asgnry et al ( 1999), An o.ssessment or the clTect

of glucose on the umc-dcpcndent clycos}lollon of haemoglobin shows that the degree or

human hnemoglob1n glycos)lat1on ancrcascd ,,'Ith tho pcnod of mcub111ton m n

concentrauon-dependent mnnner up 10 20mg glucose/ml A stud) of the elTt.-ct of, 1irying

conccntrnllons (10-30µg/ml) of the nnvono1d-contrun1ns methnnohc e.\lmcts or Cneslli

f,:rrug1nro (Cn I) Md qucrcel111 (Q), o l.no,,n onllo\ldMI reduced the c,1en1 or

hocmogJobin gl)C011)'lot1on at nll the concc:n1rnuons used 1rrcspectl\ e or the 1ncubn11on

pcnod. Gl)'cosyln11on 10 lhc presence of 20,ng gluoose/ml \\llS about 12,. nnd , llr)'tng

cooccntrouonJ (10 20 30µg/ml) ofCn frcduced the IJl)COS)lation to 41, 31. ond 29'r.

rcspc:dl\cl) Smulllt clTocts ,,ere obuuncd for qucrceun The obscned 1ntub111on on

glycos)'lnuon \\11$ ooncentrouon and ume dcpcndcmt Results obtruned from the

1nves11gnt1ons camc:d out on the poSSJblc elTcct of the otrocis or Cn f on hoernoglob1n

lll)cosylollon 1n the presence of phys,ologu:ol concmtrollons of gluoosc � I n11l/ml)

111d1Cillcd 1h01 thctc ,u1, no S1gn11iCMt glyoos)louon (P 2. II.OS} nl tho ,·1111cd conccn1111tion

of glucose up to I mg/ml 4¾ 1nh1b111on of glyco�1ln11on \HIS obscned af\cr 2,1hr m thc
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Ill 

presence ol I01qyml c,trac:1 01 < n f 1hc �,an of 1nh1h1uon inc:ra.cd riom S .S to N 

aficr 4K Md 72hr li:!J)o.11\Ch 1/llnl.l 20 and )011cfml mc11wlohc c.\lrncts of Cn f and 

qucrccbn, the 1nl11b111011 \\ll'l totlll c1 ci1 nficr prolonccJ hours of 1ncub!l110t1 s11111sUQI 

111Uh"i1� of these IC$ults s.110\\\ld th111 tht'le \\IIS no s11,;111han1 difference Cl' OOS) 111 the 

1nh1b1to" cn«lS ot nlClluinohc c.,tmcts of C'n f and qucra:tm on hxmoglobm 

ghws, 111110n 111 thc ron,·cntrnuoni ol glucose u od ,n 1h15 MuJ} 

On the conU111), t1uc1tc11n Md u 1000phcrol, a nJlunlil) occumng anuo:udmit 

l'hsch h:i..\ bttn 111dcl) used i\S d1ctl\l) supplement. and c,1r.1ets of C'n r, J,d not $.ho" an, 

s1gn11icur11 clT«t l<l·I,{.) on w>cos, latod hacmotlob1n (I lb A,,> 1n du1he'llc subJCCU 

,\I though, the mccllanl5m or 1nh1b111on of h11emoglob1n sl> COS) l111ton 1s not )'et clear, 11 

seems hlcl} thot quen:ctm and lc:if o.trnclS of Cn fbc1ng \Cl) 11th m fi11\ono1ds could be 

con,cned 1n10 ghcos1dc adducts for there to be a roducuon 1n h.M:mogloh1n &1�c-OS1la11on 

In , 1c\\ of Lhc fact Lhlll mctluinolic c,irocts of Cn r 1nh1b11t'd h:iemoglob,n &I> COS) l:11,on, 

le:11es of rnestu J,:rrog1nro fill)' be used os fooJ supplement 1n order to prc,cnt or mh1b11 

hxmoglob1n sl)COS)h111on ,n d1nbc11cs 

In concluuon. IC3f e11mc1, of Cnl'.,11, /;,"u�rnro 1nl11b11cd hacmoslobm 

gl)COS) lauon poss,bl) h> pfC\ enunn 1hc conth:n:1..·t11on of gluco).C 1n1h the N- tcrm,nnl 

1111\ll\O groups of� chains ort tbA 
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< 11,\P l'l�R <>NI·� 

IN I KC)Ul1C:t 10� 

I I IIIS l'()RI( \I. Ul\('"C.li(>I NO ()I• 1'111-: l>IS< C)\'tR,' ()I 

11.'\.'i\t()(;t ()HIN 

I he tern, hac:rnoglob1n (llb) can1c into being 1n the eighteenth century 

,,hl"1\ 1 loppcsc)lcr ( 1864) lir 1 used 11 1n rcfcning 10 the pigment, 01 the blood It 

1s nO\\' a ,..-idc:I) ncccptcd 11:rm used 10 include the respiratory oxygen carrying 

protein of the vcncbrate� About a century later, stud1�-s sho\\cd that 

haen,oglnbin and myoglobin have very �imil1u struc:1urcs and that 11 \\11\ probably 

also true for the ery1hrocn1orin� (fron, larva of the- lly Cl1/ro11t111u, 111mn11) nnd Ith 

in the root nodules of lcguminou!'. plnnh Therefore, II \\'IS suggr-:.tcd that a 

phylogenetic relationship could exi�t bct\\'ccn these biomolC0Jlcs and the 

transport and �torage of O'{)'Sen and thnt it al\O appeared that these molecules 

C"\'Ohcd from a common precursor (8rnuni1.1cr "' al, 1964) The first 

invC$1l!!,Ation on the !ilNtture of the intact haemoglobin mole0.1le dated back to 

the nineteenth century There 1s no doubt that the 11dvnnccd �tnte of our 

lnowlcdge today C'\lolvcd from tho!IC earlier findings Ui1ng mca�rcmcnts of 

&cd1men1.1tion, diffusion, electrophoresis, tC5Ull5 contpilcd fron, the \\Ork of 

IIC'o'cral ,ndcJ)Clldtnt t,tudi� rc..,vcalcd that hac:moaJobin ,s 11 n1olccule of ntolccular 

waeht 68,000 daltons with four hemc groups 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



2 

Rhinesmith t!t al., ( 1958) and Ingram ( 1958) in their independent studies using 

trypsin hydrolysis of haemoglobin nnd omino acid sequence detem1ination of the 

pt:ptides produced, found that haemoglobins arc composed of four polypepllde 

chains l'\.O of \vhich arc identical They suggested further that the two dissimilar 

chains of human hnemoglobins should be designated a and P chains and this has 

been ex1ended to the hemoglobins of other species In this regard, the 

haemoglobin molecule is bcing chemically defined as a,P,. each attached to the 

hcmc prosthetic group (BraunilW" et al., 1964) 

1.2 -STRUCTURE OF lli\.E�IOGLOBLN 

The haemoglobins are csscnuol to the life of all vertebrates, they also 

occur in some invertebrates and 1n the root nodules of leguminous plants They 

all cal1')' the same pro\thdJc hcme group iron (II) pro1oporphyrin (IX), assoonted 

wnh a pol)-peptidc chain of bet\liccn 136 and I S3 rcs1du� In nll or them, the 

forous iron or the hcme 1s linked 10 Ne or I hi�tidine, the porphynn i� wcdgl!d 

into its pocket by a phenylalanine and non-polnr rc.,1ducs otQJPY about 3S other 

1pecilic s11cs along the polypcpudc chain The anuno acid �cc1ucnccs of I.he 

haemoglobin for the rc$I of the molecule arc variable, the 11un1bcr of run1no ac,d 

difTcrc:nces bctwc:cn any two apc:cii:s r1�1ng wnh thC1r dl\tance of �cpamuon of the 

e1.oluuonary ttc,: (l>ayholl, 1972) 
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Specifically, the normal human adult haemoglobin {HbA), the oxygen 

canier within red blood cells, is a protein with a molecular weight of about 64,500 

daltons (Dickerson and Geis, 1983) It consists of four subunits, i e.two identical 

a-eha,ns or 141 amino acids each and two identical P-cha.ans of 146 amino acids

each I lbA is probably the most studied protein and has served as a model or 

paradigm for the structure-function relationship in multimeric, allostene proteins 

The oxygenation process of Hb is cooperative i e. the binding of the first Qi 

molecule enhances the binding of the second, tJurd and fourth oxygen molecules 

The oxygenation process is also regulated by interactions benvoon 1nd1viduru 

amino acid residues and various solutes kno,vn as heterotrop,c allosteric effectors 

These effectors include ions o r  molecules such as hydrogen ion. chlonde ion 

(Pcrutz et al., 1994), inorganic phosphate_ carbondioxide, and organic polyanions, 

such as 2.3-bispbosphoglyccrate (2,3-BPG) and inositol he.xa phosphate (II IP) 

(Dickerson and Geis, 1983) It 1s noLC\YOrthy that not llll the hoemoglob1n 1n the 

blood of normal adult� 1i; haemoglobin A About 2 5% of the haemoglobin is 

haemoglobin A2, 1n ,vhich l} -chnins arc replaced by 6 chains (a161) The 6 chiuns 

also conUlin 146 amino acid residues, but ten ( I 0) individual residues differ from 

those ,n the !}-chains (Ganong. 1993) Another type of haemoglobin is 

hacmoglub1n r (I lbF) It 1s normally found in the blood of human foctu11 Ill! 

struCllJre is similar to that of h11emoglob1n A e-xcept that the I} eho1ns arc replaced 

by y--chain� (1 e I lbJ· is UJ"(l) 111c y chrun� uls-o contain 146 nnuno acid 

IBADAH UNIVEl<�lTY LlBRARtl 
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residues but have 37 lhat differ from those in the P-chains In certain individuals. 

it fails to disappear and persists throughout life 

Perut:l and colleagues (1970) carried out a comparative study of the 

detailed structural feature:. ofHbA in deoxy (T) and oxy (R) or CO forms It was 

sho\\'tl that dunng lhe ll'ansition from the deoxy to the oxy state, 1he a11l2 subun11 

interface undesgoo a sliding movement while the a1P 1 subunu interface remains 

csscntally unchanged Specific hydrogen bonds, salt bridges and noncovalent 

interactions charactenze bOth subunit interfaces Human Hbs with mut.ations in 

the a,!½ subunits interface are �-nown to have altered oxygen affinity and 

coopaw .. ,t) It is  also known lhat the I lb molecule has a lower 01 alliruty m the 

dco:<y quai.c:rnary suucwre (T suucwre) than in the oxy quaternary structure (R­

suucwrc) (see Peiu1.1 .. 1970, Dickerson and Geis. 1983) 

On thu basis, focus 1s now being din:ctcd towards designing novel recombinant 

(r) libs thas could serve as a safe, reliable blood substitute since ,nfcctions

through blood 1Ja1Ufulion1 with the human 1mmunodclic1cncy virus that c:au� 

AIDS "'ere reported 1n thc rn1d 1980s Also, hacn1oglob1n-baKJ O\:}�cn carriers 

ttrc pou:nual IOUJC:C:S of blood sub)lllulQ during cincrgcncy n1cd1cal ,ituauon, 

(\\'m:.low, 1992J The desagmd rccornb1nant Ill.ta are ra1u11L-d 111 have, 

(1) low aflin11y b0CIUJM: allostcnc effectors 1t1th as 2,3 UP(, \' hlc.h 111\locr

the Oll)'Bffl afl1n11y ol rn, "'111110 the tal bloc)J cell arc 11h\ent 111 tho

o.tracdlular cnvironrncnt ontl
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(ii) high coopcrntivity for efficient delivery of oxygen (Winslow. 1992)

Sequel to this, no expression system was developed to produce authentic human 

normal adult haemoglobin (llbt\) (Shen cl al., 1993) 10 good yield in l!,schcr1cl11a

ro/J (Shen el ul. 1993. 1997) The expression system has been used to design and 

express mutant Hbs with low o,cygcn affinity and high coopcnitivity (Kim cl al., 

1995, Tsai et al., 1999) A unique feature of this class of rl lbs 1s that lheir R 

(ligated) quaternary struCIUrc can be SW1tchcd to the T (unHga1cd) structure 

"'1thou1 cha.nging the ligauon state of Hb molecule, by lowering the ambient 

tempcralUrc and/or b)' adding an allostaic clTcctor such as 1nositol hcxophosphate 

(IHP), rHb (a \'96\\1) (Kim ,:t al. 1995) 1s the first lo\v-o,cygen affinity mutant 

rHb "'i1h high c:ooperativity developed Sevcnu other rl-lbs with improved 

i,ropo11cs ova- rHb (a V96W), "'hieh is easily autoxidi7.cd, have been developed 

(Tu.i ,:t al. 1999. fnschlnccht ,:t al., 1999, Jeong et al., 1999) And this factor 

makes 11 lcu desirable u an llb-based oxygen c:a.mer in a blood subsutute Sf$tCm

fDid;crson and Gci1, 1983) MOSI roccnt is the con)lrucrion ufnovcl rCC'Omhinant 

bacrnoglob1n, rlfu OlNIOSQJ "',th the amino aaJ wbsti1u11on locatoJ 1n the 0101 

subunit lnu:rfMlC and 1n the a:nuaJ Q\'IIY of the I lb molecule , llb IIIN lOBQl 

ahilnll I� OX)J.tl'I dlinny, high coopcrati111I} and t.Uh1hty llgllOst 111tn1utl uon, 

chcrd'on: 11 11 bang comldocd a polffl1W candidate fllf the ICb ba\Cd O\) en 

airna 1n a blorA sub"'1Utc 1>)-slclD CT .. 1 C'/ al 2000) 
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1.3 GL\COSYL\TlON OF PROTEINS 

Glycosylanon reactions arc common and occur naturally 111 the body 

Normally, though, they take place in a controlled environment., regulated by 

CI\Z\m� the resulting molecules arc dassically called glycoprotcins compns1ng 

of <;CSUm and cell membrane glycoprotc,ns of approximate molcc:ular weight 

range 20-2000 kda (}touMC!l, 1993) Glycosylahon causes a large d1vcrsuy of 

oli�dc sequence to become linked to proteins at the 011 group or sennc. 

thrconinc, h)droxytysine or asparaginc residues I c 0- or N- linked respectively 

Gl)'topiotcins co,er mucins \\ftich are tnditionally defined as larger molecular 

"-"Cght sJ>coprou:zns of 10 lJL1 and upwards having >600/o oligosaccharidcs 

mainly 0- linkc:d '\U GalNAC<Oriwning oligosaccharide cores (Poole. 1986) o.nd 

protc:oglycant. or gluc:osaminosJ)UltS which also have a high 

c:arl>ob)�ratc!pn,tcin nitio but danically lave d1saccha11dc rcpc:atintt units with 

an altcm&lc uron1c aad residue and a l.u&e degrtt of 5Ulf11ion (K1nH 1:1 ul. 1989) 

T:hc dass,caJ mucin and protcOgl)'CAl'I M:qucnct'S were reported to occ:ur on 

cdl membrane - au.ached prOlans of rdatn,cly low molecular "eight (Poole. 

1986) They arc 1n f0tm1 attadicd to the membrane by hp1d•hnlicJ anch0f1 callcJ 

Cii)'COS}1 phmphahdyt 1ncniwl and10J1 (lhomu rt al, 1990, Fc:rg1.11,on, 1!)1.)1) and 

cyu,ptcm,c gl),:oprotons l11vtng (Jk:NA< hnl cd lo ICflne and 1hn.•on1nc a,c 

ln<r,o,i lOQ (Iono and liall. 1984. llolt and 11&11 108(,) looaflcr, add1t1oml 
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and bacterial glycoprotcins (Paul et al., 1986, 1987). These glycoproteins on the 

cell surface play an important role of cellular recognition (Hounsell 1993) Most 

membrane-associated and secreted glycoproteins are intercalated into or 

sequestered within the rough endoplasmic reticulum during synthesis As part of 

this process, the nascent polypeptide are cleared and modified by the attachment 

of oligosaccharide side chaJns (Sabatini e1 al., I 982) As these proteins transit 

from the rough endoplasmic reticulum to final cellular locations, the 

oligosaccharidc side chains and in some cases the polypeptide backbones can be 

processed by an array of compartment specific reactions The oligosacchande 

side cbaLns or slructural elemenL� \vithin the stdc chains function as recognillon 

sites for specific cellular components that are responsible for the selective 

transpon of glycoproteins into various intn1ccllular compartments as they lnUlsll 

1n vesicles from the rough endoplasmic reticulum through 1ntmccllular 

men,brancs on thdr way to the cell surface and/or extracellular environment 

(Firestone, 1983) Movcovcr, several other studies have suggested that 

carbohydrate moielies on glycoprotc1ns can piny n role in polypeptide backbone 

folding (PolonotT t:I ul 1982. Chu t:I ul 1978, Wong ,:I al 1977) l lo,vever, 

while glycosylation of some proteins 1s e<;senlnu for their compnnmentnh1..nt1on 

and processing. it  does not appear to be correlated wlth proper maturation of 

others II is noteworthy that protein glycosylauon 1s paruc.ulruly important 111
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maintenance of the integrity of plasma membranci; and in facililJlting the secretion 

of proteins into the e"<tnlcellular space 

1.4 11 \E.\tOGLOBN GLYCOS,rL..\TION

l-taemoglob1n tales pan 1n wmc rc:ictions such as haemoglobin 

glyrosylarion or gl)'cation. \\h1eh i!> the non-cru;ymntic condensation of glucose 

and haemoglobin A (libA) Gl)uted haemoglobins (GI lb) were first rccogr11zed 

and called •fast hac:moglobins· (A, .. An, and J\1,) by Allen,., al, (19S8) because 

they 500"-ai less posiuvc charge at neuual pH and migrated more rapidly than 

HbA �-hen placed'" an dcctnc field (Kunl..cl �, al., 19S5 l�bar 1968) They 

ire formed b) a dir"CCI n:ac:tion bdll,een reducing sugars and pnmary amino 

groups in the prou:in The rcsulung �rffbuc adduct-aldiminc is 1n equilibrium 

�,th sugar ama:nll1WOD If this cona:ntrauon fall,, unccuphnH will �r and 

lhe comcqucnt lc:\id of u.ld1m1nc 1Ao1U fall I lioc arc 111,o 1s cqu11ibnum with the 

local medium They diJsoaale if the wrround,ng SUl?f IC'\/cl falls wfficicn1ly, 

and the equation fflO\O bad: 10�-aid1 the ldi (flro�nlec .:I ,1/, 1988) C'cna1n

lonfP hvcd maaoioolcculo Rich u coll.gm arul l)NA arc alao W)Clllal 1111J

havtr. undergone sutnh,mon to l>ccr)mc: Amadon product• wtll lhcn lr&n!lbrm 

furthc, 10 1m:.cr11b1y UBIISOO fonnt lno�-n as 'ad�lll«'d Ki)callon end 

pro:iuat (AGI 1/Jlrrr.vnJce ,., uJ 11188) 
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I laemogloh1n may bcco,nc glycosytatcd a1 sites 01hcr than amino 1crm11ul cnd1 of 

�-chains c 11, at 1111a "'ell a ccna111 C•anuno g,oup1 (Bunn et"'. 1979) of I)-sine 

1csiducs (Uool..ch,n anti (j�llop, 196H) 

Gl)'COS)·la11on of h11c111oglobin i, slow und nc:srly irrcvcn11blc dunns the 120-day 

hfe span ol' the rcJ cells (Ronn c·I 111,, 1976, Goldstan, 199S) lhc human 

cr-,throc)te i� freely pcrmc.,ble to glucose:, and within each crythroqtc glycatcd 

haemoglobin (Glib) i\ formed fron, llbA 01 11 rate dependent on the ambu:nt 

oonccntrauon of glucose ( Bunn el al, 19711) l hus, the level of Cil n, 1n a blood 

sample provide, a glyccmic hhtory of the prt'Vlous 120 da)"I. the a\crage

Cf)1.hrocytc hfc �pan (Bunn et al 1978) In this rC8Jird, the eldest cells ,viii be 

most sl>cosylatcd \Yhilc the )'OUngc.,1 will be lca�t gl)COSylatcd (Fill.gibbons cl

al, 1976) I lowcvcr, all ages of cells ,viii huve been e,po.w to recent levels of 

gl)cacmia while only the eldt:1it of the ccllN ,viii have been C'tposcd 10 gluex>� 

levels from 4 month, prcv1ou�ly 1111:rcforc, tJ,c more m:cnt the period of 

glycacmia, the larscr its 1nOucnce ,viii be on the glycu1cd hncmoglob1n value 

Con.�ucntly, faha.ra and Shima ( 1993) 'ill�CStcd thnl hnlf of an I lbA1 value,, 

attributable to change, in sf ycacrnia over the prccedin11, montl1, 11 fur1hcr <1u11r1cr ,� 

due lO t l1c month pnor to 1h11, with the rcmo1nlng ttunr1er being a rcOc:ction of 

monlhs 3 and 4 'I he most i,nportanl of lhc Cillb1 with r'-�P�t 10 d1abe11� is 

lluAu in which glUco!.C is nllachcd 10 the NI li•tcrmin�I vnhno rc\ldue of one or 
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both chain� of I lb,\ (I lolmqui�l and Schroeder, 1966) It is this modification that 

,mparu enough negative charge to the haemoglobin molecule to allow separation 

of the rl-spl'Cll\ic: haemoglot11ns by churge dependent techniques In contnlSL, 

glycosyl.1uon at ,ite� other than the P-chuin u1111no tenn,nui rcsulti in a compound 

V.1lh a charge not dis_�jmJlar lO nllR·1(1)1CO!lylataJ hacmowobin and 50 IS

ind1sllngu1shablc by the,.c n1cthods (Ktlpatricl, 1997) llowC'·cr, thi� poruon 

\\ h1ch 11Ccoun1s for ubout hair of all hncmoglobin glycosylauons can be de1ce1ed 1f 

glyauon-!!>ptcilic "total glycatcd hnemoglob1n methods JUth a., boron1tc nffinil) 

chromarogruphy (Mall14 et al., 1981) 1s u� 
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11-C-O
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l3A-NI-I2 + H-C 01-I 
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l-tO-C-11 
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I -I-C-01-1
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I 12.COI I

Glucose

I I 

I IC N-(3A 
I 

I IC-011 
I 

._ 1-10-CH -
I 

11-C-OI I
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1-I-C-01-1
I 
Cl '201; 

11-C-N(3A
I 

I f-C-0 

I 
l l-C-01-1

I 
H-C-011

I 
H-C-011

I 
Cl;20I I 

(Schiff base) ketoamine 

Fig.1: D1agramat1c rcprcscntat1on of the reachon process of 

l1acn1oglob1n glycosylalion (Bunn cl al, 1979) 
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Table 1: 

HbA1

12 

The carbohydrates involved in the modification of 
charge-separated hcmoglobins ,vith their 
approximate abundance in non-diabetic individuals 
(Kilpatrick, 1997) 

Modifi dan�f'ill 
• 

Ao 9S 

I lbAi.1 Fructose l ,6-d1phosphate 0.2 

HbA1a2 glucosc--6-pho�photc OS 

l lbA 11, Garbohydrnle 

HbA1c glucose 
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1.5 EFFECT OF GLYCOSYLATION ON lrEl.\,tOGLODIN FUNCTION 

As earlier discussed, Hb's Ai., A1al and A1c are modified at the NI-T1 

terminal amino group of the P-chruns, a side normally involved in the binding of 

organic phosphates (Arnone 1972) Within the mammalian red cells. 2, J. 

diphosphoglycerate (2,3-DPG), an important regulator of 1ntraccllular 

haemoglobin function, is present in equimolar concentration \vith the 

haemoglobin tetramer The 2,3-DPG polyanion binds more strongly to dcoxy­

hemoglob1n than to oxyhemoglobin thereby causing a marked reduction in the 

affinity of hcmoglob1n for oxygen (Arnone 1972) Its negauvely charged groups 

form salt bonds \vilh positively charged residues on the two p -chnins at the 

entrance to the central cavity of the haemoglobin molecule, including the Nl-J,­

tcrmjnal amino groups If this site as blocl..cd by a covalent a11achn1en1 such as 

hexosc (Dunn and llnehl. 1970), or an ncctyl or carbnmyl group (Kilmartin CJ al., 

t 973), the reactivity of haemoglobin with 2,3-DPG 1s markedly reduced In 

comparison to HbA the oxygen affinity of I lbA 1s much less rcsponStvc to the 

addition of 2,3 OPG (Bunn and Briehl 1970} In like n,anncr, synthetic Glucosc-

6-pboi.ph3tc (G-6-P)-hemoglobin has a similarly dcc:rca.sc:d rcact1v1ty \Yllh 2 3

OPG (llnney and Bunn 1976) 

,\1cl)on.,ld ,., al ( 1979) cxarn,ncd oxygen cquilibl'll of haemoglobin� A 

A1•1, A,.,, A1�and A,, as well as the 1..rnctics of the binding ofc:arbon n,onoxide 
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\\1th 1lco,y hacn,oglobin and found that I lb'5 Ai.. and .i\1e1 ha\'C a low allin1ly for 

hcmc hsnnd, anti decreased ,oopo11tl\ cly h"""�'Cll whun111 l.1L:c I lb/\1 they 

Yl<lW dr,::rcascd 1ntcr11c11on \\ 1th Orllilnic phosphates It is hkcly that the 

co,alentl) b..1U11tl ph�plllltC5 on llh'1 ,\ 11, nnd Ai.1 enhance the 1tnhil11y of the 

dco,) or T cont'ilnnation. thereby 101,t,cring O:tlyg1:11 aOinity Suicc llb"'• hu 

deer� rCllCti,uy \\Ith 2,3-l)PG red cells of diabetic patients m1�t be 

�ted to bind o,ygcn abnormall) As predie1cd by o"ygcn equilibria in dilute 

solution, the o,ygen aOinity of dinbctic red «:lls is slightly greater than that of 

normal red cells having a compnrnblc amount or 2 1-DPG (normal indi,·idU.1" 

ha,c 1 P· or about 26mm-lls \Yhcrea!I diabetic, may have a P,o of2·1 to 2<>mm­

llg. Obviously, there is considerably oYcrlnp bct\'>et:n the two group� (Dunn �,al. 

1978) 

1.6 0l0Cllt.:l\11CAL ANO CLINICAL ll\1Pt.lC,\ TION 011 PROT• tN 

Gt.,'CO�Yl \TION IN DIAIJt..11-:S 1\11-:1,Lrrus

Hui�m11n and Do1.y 1n 1962 were the first to relate glycosylatcd 

haemoglobin to d1abct� mel11tu�. \Yhc:n they observed a h,'0- three fold increase 

111 haemo1tlobin A1.,., in tolbulam1de-trcatcd diabetics In a rcmarknble 

1ndc:pcndcn1 5tudy Rahbar ( 1968) detected an obnormlJI pnllc:m on agar gel 

cl�rophorc:$11 111 Mime diabetic pa1icnts Tnvclli ,:t ul, ( 1971) C\ cntuall� round 

111111 the h4cn1ojlob111 co111pc>nc:nt prC$Cnl in the: diabetic �bjccts hlld the Minic 
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chromatogruphic nnd elcctrophorctic properties os haemoglobin A1c ,vith a t,vo 

fold increase O\'Cr volues found in normal subjects These increased levels were 

not related to the ngc of the patients, duration of the disease, type of therapy, or  

the presence of the complicntions of diabetes mellitus I lyperglyccmio has been 

rcponcd by Spiro (1971 1976). 10 stimulate the attachment of glucose molecule 

to intracellular proteins found 1n organs and tissues (Kidney, retina. lens. 

peripheral nerves, and blood vessels) that are not insulin-<lepcndent for glucose 

entry Increased intracellular glucose levels hove been demonstrated 10 be 

responsible for the formation of some diabetic complications such as cataract.. 

neuropathy by increased shunting of glucose metabolism into accessory pathways 

(such as sorbitol patim'lly, (Javid el al., 1977)] that are nonnally quiescent during 

periods of normoglyccmia I lyperglyccmi11 consequently results in gradual 

accumulauon of 'advanced glycation end-products' (AGF.s) 1n ccna,n ti�cs 

For insuncc,. high levels of AGL formed from glyc.ited collagen in the !illb1n11ma 

an bind covalently to low density lipoprotans (LDL), cspee,ally if tho 

apohpoprotcin of the I DI 1s also heavily 1.dycatcd (Orownlcc el "' 1988) ·1 his 

1s bcheved to acc�lmtc &1hcros.c:lcroiis even 1n the prc�ncc of nom111I scrum 

chole1tcrol cona:ntrauons (\Vitrom et n/ 1982) Al'-0, local 1ulver.c ctlcct, on 

the clou,ng cascade via u reduction 1n thrnmbomoduhn 11ctiv11y and nc:11v11tinn of 

clotting factors IX and X can induce 1hron1bo�i1 (llruw11h:c ,, ,1/ 19111, \'la�'lllr• 

rt al, l'Jfl'JJ I hil is c:nh1111tc:d by local vawcnnsuiction from 1111 C''<\t>S, ol 
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cndothelin-1 and the aforementioned reduction in vasodilntion secondary to 

the' quenching' and inactivation of nitric oxide in vessel ,valls (Bucala et al .. 

1991) These combined abnormalities are related undoubtedly to the 

predisposition of diabetic subject to atherosclerosis and ,videsprcad microvascular 

disease (Stana,\'8}' and Gill. 2000). 

ln a similar \\'aY, the formation of crosslinks 10 the protein matri,c of the 

�cnt membrane of the miao c1n:ula11on. due to heavy irreversible glyca1100 

of the maa-omolcculcs. tends 10 trap e.xccss amounts of nlbumin BJ1d 

immunoglobulins which cannot be removed �tichael BJ1d Brown 1981, Graham 

and Johson, 1985) These become glycated themselves nnd attrnct further 

IICQJfJlUla.tion of proteins from the plasma. There is disruption of the micro­

architeaure of the basement membrane, resulting in 'leakier' structure, allowing 

the cxtra\-uatimi of pwma proteins and disrupted bindins of the membrane 10

ad,J&CCnt cells l!xtni\'Ua.uon of pluma proton 11 1ccelera1cJ 1n the face or 

hypertension The nd\cn,c dTcc:t1 or diabetes on peripheral nerv..-s Ill) belie\"ed 10 

be III lott pa,ually m1aovuaJl1.t 1n acc,ology though there 11 1l1n a direct etlcct 

of unnncuronal q1oplasm1c prOlon glyatlOII that hu II dlKC'I effect on nc�c 

c.onductJon \Tloclt) (SUN\\11)' li:. C1dl 2000} 

Macrophl£o cndodiclw 00l1 and maangaal uJI, all cxprc high 

a.fli d) rcccplor• f& AGI I that can 1r1Wt:r· the rcJcaJ.C of loc-.al roYt1h facuw 

{\'lcl.arla,,,d 198S I� ortal lli??) 1 fud 1ntcrkuL1n I (II 1) 

I ..... ·� I H UKIVERSITl LIBRA 
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and insuhn-likc gro\\1h factor I (lGl·-l) and can cause mesangial proliferation in 

the renal glomcrulus ,vith consequent effects on renal function (D01 t!I al. 1992) 

This is in conjunction with basement membranes disruption allo,ving leakage of  

an e,ccss of plasma proteins into the urine by ultra filtrat,on The long term 

hisiological effcas of this process arc :,ecn hi,;tologically 1n the kidney as the 

d.tss,cal ·stomcrulo�crosi!>' l�ion

fw,t.e.11.0,c, several d1�rdcn of the musculo�kelctal system found more 

oommonl) ,n diabetic mbJCC:U a.re believed to be due to AGE accumulation 

an1SJrrg nccssi"·c a-oss-hnking or collagen molecules There is reduced 

,emodcltng and accclc::ntcd ageing of lhc skin. which becomes thicker and can 

w;c a ·l ellov, • appc9...,..,.. panic:ululy on the palms and sole$ Localised 

1sdicann1 and fibrosis due to microvaJCUlat ,\GE effects cuccrbatc this process 

and lhcrc u usoaatcd tendon� ldcrosis Joints undi:rlying the aOcctcd area 

become 1naQ1.1ngly wff due 10 thi1 thic�.cn1ng. Thu 11 1.no�n as 

d1C1rovthrop.ll.hy" It ocnu1 in 8-SO,� of l)"JIC I d1a�11e ll.lbJectJi (Clarl. �, 11/,

1991) Tnaec:r finscr 11 another commonly associated 1ympto111 logdl� 1h1, 

c:oUCCllon of phcnorncna 1) 1.:�-n as the 'dU1bct1c hand 11ynJromc' 

r',bmoanbropllthy 1s bol demomtnucd u the •pru)-a 11gn' 

f roan diouldcr lpawthrtlls adhcii,c QJnllhlls) I, anothn common 

m:ulalllo:Wctal d1sord0' assoc.lltcd "'th dU1bdC1 It b bd1t'\cd lo he due to 

o.t<OW\-C aoul1nl.1ng of coll n nlOl«uln 1n the thoulJcr Cll(l$UI h 1 
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chantc1cn,(.'CI chnu:ally by p:1111 and ro111c1ed 11c111,-c and passive m0\'Cfnc:nt al lhc 

glcnohumc:ntl JOlnl I he rnast allccletl 1t1D\Cn1cn1s arc �lcrnal ro1111aon and

abducuon anJ pllin 111 ol\cn \\0151 ut n1HIII and dunng lhc lir,t 1x months when 

there is acta,-e 1nlla1n1110111,n lhll\1\\cJ by • progrcr.11vc capsular fibroSts rcwlung 

,n 1111tlne15 ,\lhum1n can h;., Blyc111cd by cxac:1ly the s:amc principles u all other

protein) As its hie ip,1n i1 �lttirh:r (1p1ox 2-l \\ccks) mC1UWcmcnts of plasma 

glycatcd albumin levels gl\·c� an imprcs')ion of glycacrnlc c:on1rol ova 1h11 

rcJucc:J ti111c period (Juhnwn r"I al, 19112. Ashby and l·ncr, 19 } llus 11

kno\\ n n� the • fructo"-lm1nc' 11,suy The lruc1own1nc IC\'d COffdatcs hcuc:r \\1lh

ll(.1UIII 11\(.'fll!!C glUC<l5C lc,cls. Ill lhcrc is I IIIOIC n1pid hlfflO\'Cf 1n the glyca1rd 

1llbumin due 10 its ahoncr half-life 

1.7 f Rt.t· R \l>lC.\I S 

Frc:c nic.hcals as dcsc11b�-d h) l l1lh,,cll 1n ( l'»l). uc q,«ic(s) ap:iblc of 

an ,ndcpcndcnt existence that conualn, one or naorc unp.,ir�'<I efe(llrmu The, 

could be produc:cJ by o,Yllrn 1n..,olv1ng bi11chcn11cal rcdo, rc:1ct111n o..-cumng 1n 

nonn:il cell nlClnbcili�m or by phagocytes 111 p.1rl of• oontrollcd 1nllamm�tory 

rcac11on or ,n rc:sponjC 111 occ:t,u11U1I c,rc,wrc to lnn111ng rad1atlo11, u \ hgh1, 

potluuon, dg1uc1tc. 1111(11..c, 1SCl!llcn1ia ctc I hoe rnthcals arc collectively referred 

10 a, Rnctlvc o:cygen 1opct1e1" (RC)S) 1nd compriM'S ofiu11Cr0,il.lc (01 ),

hydrm�I nuhcal (011), hydruKC:O �ro,1do (I l1l>1), 11nglct 11,yycn, hyrc'(hloro\lS 
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acid (I IOCI), 01.one (01) and perhydro,cyl radical (Harber and We1s1s, 1934) In 

addition, pcroxyl radical (ROO ), alko,cyl radical (RO) and ferry! radical belong 

to !his group 

1.8 FREE RAOlC1\L AND PA1"110LOGICAL CONDITIONS 

Free radical pathology is consequent to uncontrolled, nbnorrnal rad1cnl 

reacuon occumng in cells and probably inuotcd by physiologicnlly occurring 

radicals (Tohn nnd l·ox. 1967) already dislocated or by exogenous agents such a.� 

chemical \Yhich arc already radicals o r  mctabolizcd into radicals or mny induce 

radicnl slates 10 normal chcm1cnl const1tutcn1s of cells (Thomas el al., 1968) 

This pathological state may also anse as a result of imbalance bcl\vccn the 

producuon of free radicals and the body antioxidant systen1 Free nuJ1cal$ hnvc 

been 11SSOCiatcd with not less than 100 human and animal diseases such as 

malaria, rheumatoid. arthntts. Parlcinson s disease, 100lll11me11on, asthma. neuro­

degencration, diabetes and ageing (Muller 1992) Ccru1u in (1994) suggested that 

membrane d_amage resulting from free radical mediated process of lipid 

pcrolcidauon might contribute to o,cidative DNA damage in,plicatcd in 

c:ircinogenesis Recent \ludy 1w ,hown that O)()'gco radicals and lipid 

pcro,cidation are involved 1n the course of aging. age related diSC4!1c and cancer 

(Ames, 199S) rurt.hcr )tudy by [;n-1 luacao { 1995) WIUI evident that then: ,s a hn� 
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or rcla11onsh1p bctwcxn lipid pcroxidation process. mutagcnesis and 

curc1nogcnc:.1s 

1.9 r.,·r1101 OCIC,\L RFflfo;Crs 011 FREF RADICALS IN DI \01-:TFS 

�11-:.l.lTUS 

£1..arly suspicion of the involvement of rc.ictivc oxygen �ie. (ROS) in  

the pathophys1ology of d1nbc11:s mellitus cnu1natcd from studies on alloun­

induced diabetC$ 1n nn, which supported the gcnc:ration of rcacuvc oxygen 

:.pcci� in this disease condition 

Alloxan injected into rat.'i accumulntcs only in the liver and the islet of 

Langc:rhams when: ii gcncrntcs superoxidc radical from oxygen during the 

o'<idation of its unstable reduction product - du1lunc acid This o:oc1da1ion step 

depends on the presence of trace amount� of 1ran.�111on mc1ol nnd also le.ids 10 1he 

gcnc:ration of hydrogen pc:roitidc and hydroxyl radicals by Fenlon - type reacuons 

(Halliwell and Gu11cridgc, 1984) 

'fhomallcy t!I ul. (1984) also rcponcd 1hot n1onosacchandcs can undcrso 

OXJdation 10 generate reactive-oxygen Sfk.'CIC� 1n the prc:;cncc of catolyuc amount5 

of iron or copper ions rhi1 further fortified the belief thal reactive o,yltcn 

spoc1cs could play an in1portanl role in the piuhway of d1.ibc11c co1nplicn1ion� 

kccc.nt 11ud1es on the: level of cnl'.ym1c 1111110,udanti. Cl11d1nc Cu Zn �upcro,,dc 

d1in1u1asc and atalasc ahow 1ncrcascd ac11v1tic1 In di11bet1c p;ulcnt I his mn)' be 
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a resullant compensatory response to an increased level of free radical generation 

Previously, a higher ea ta lase activity reported by Godin and \Vohacib, ( 1988) ,vas 

thought to be in response to increased perox1somal production of hydrogen 

peroxide 1n diabetics (I loric et al., 1981), ho\vever, this observation may also be 

partly nuributcd to the production of hydrogen peroxide by the dismuta11on of 

supcro,c1de radical Furthermore, De Bono ( 1994), in an independent study 

sho\vcd that the non-cnzymic glycation of proteins. particularly under conditions 

of lugh glucose concentration such as 1n diabetes mcllitus, could generate free 

radicals and then cause cell damage 

Indeed, these path\vays suggest that oxidative stress could be an important 

feature of diabetes mclhtus Reactive oxygcns species (ROS) ore normally 

formed in aerobic organisms 1n the course of different cellular fuocuons 

(I lalliwcll and Gutteridge 1989) They can be very toxic. leading lo ccllulor 

damage and 1.....,en apoptosis (cell death}, if there is an 1mbaJnnce between their 

production and the body defence mechanism against free radicals. called 

ontioxidant system 

Ounng recent years the molocular mcchnn1sm, ond potential treatment of 

ncutc and chronic neurologic diwrder.. hnve become a research area of paramount 

importance (Kricgl1tc1n and Obcrpichlcr 1990, Dunn 1995, 1996) Trauma, 

5p1nnJ cord injury and strol.c fall into the category of acute ncurologic disorders 

�bile chronic ncurolog1c disorders include ,clcro�is, Altl1c1n1cr, and Parl.Jn,on's 
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disease. Also, increasing evidence suggests that free radicaJs and specificaJly 

reac1ive oxygen species (ROS) play an important role in the act,ology of these 

ncurolog,c diseases (Gutteridge, 1993 Jenner, 1994 and Simonian and Covle, 

1996) 

1.10 AN'l'IOXIDANTS IN BIOLOGIC1\L SYSTEl\1 

Antioxidant 1s any substance ,11h1ch \Vhen prcscnl at low concentration 

compared to those or oxidiuble substrnte, such as DNA, lipids. proteins. and 

carbohydmtcs significantly delays or prcvenlS substrate ox1da11on (1 lalliv,ell and 

Gutteridge. 1989) They are naturally exisung body defence n1echan1sm for 

protccung tissues from free radical effect Most ttmcs free radical reactions are 

deleterious to cellular life hence the body has evolved mll!ly 011crlapp1ng defence 

mcchruusm to protect against oxidative stress These include bo1h enzymes and 

small molecules t118t act as scavengers or rc.icuve oxygen species 1 he enzymatic 

defence system comprises ofsupcroxidc d1smutnsc (SOD). glutathionc peroxidase 

(GSG-PX), caU1lase, and DNA repair enzymes The non-cnzym111ic defence 

mccbruusm include, n,etal binding proteins (fcnitin and Ccrulopla.smin). 

vitamins E, C. p.carotcne, albumin and m1nc:n1ls such as -.clcnium. copper .r.inc 

(D1plock I 991) 

AnuoJtidnnu \Vhcther naturally pr�nt or added [Outylorcd 

hydro,cytolucnc (81 IT), Outylated hydroxyun1solc, (01 IA), propylgall111c (rG) 
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ascorbic acid and a-tocopherol) relard bul may not completely inhibit lipid 

peroxidation Antioxidants \vith radical scavenging activity reac1 directly \vith 

free radicals formed during oxida1ion reactions and convert them 10 less reac1ive 

compounds by donating a hydrogen atom rad1er than blocking dle inuiaJ free 

radical gencra11on reaction (Mahoney and Graf. 1986) These antioxidants have 

been further grouped in10 three classes according to dleir mode of operation 

(i) Primary ontioxidant.1: These prevent the forma1ion of new free radical

species either by convening ex1s11ng free radicals into l�s harmful

molecules before they have a chance to react or by preventing formation

of free radicals from other molecules E'<amples arc SOD, glutathione

pero'<1dase, catalase, metal-binding proteins (Fcrrilln nnd Ccruloplasm,n)

(ii) Sc-condnry antio11idsot.s: They scavenge radicals by preventing chain

reac11ons 

Examples include v11amin C E. fl-e,arotcnc, uric acid, bilirubin. and 

albunun 

{iii) 1 erti:iry antioxidant: These repair free radicals da1nng1.-d 

biomolocules They include DNA n:pair enrymcs, and methionine 

�lphoxidc n:ductasc 
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I.I I t-:NZYl\11C ANTIOXIDANTS: These arc cellular enzymes that provide 

the first line of anuoxiclant defences 10 cells fl.xan,plcs are 

I. I I.I Supcroxidc dismutasc (SOD)_

SOD 1s an enzymic antiox:idan1 having electron configuration of I 15 I I. 

It scavenges supcroxide radical by having its dismutation 10 hydrogen 

peroxide and ox-ygen as shown below· 

+ 

SODs arc c.\SCntiol for the survivol of ocrobic cells (Bunon 1991) The 

erythrocyte SOD is knov.'11 as erythroscuprien (McCord and Fridovich, 1969) 

while 1ha1 of bovine 1s kno,vn as hemocuprc1n (�lcCord and liridovich. 1969) 

SODs arc unique me1allopro1eins, for example hcn1ocupre1n, first 1sola1ed from 

Ox blood in (1938) as a blue-green protein containing O 38% copper With a 

moleculnr "'e1gh1 of approxin1111ely 35,000 dohons (McCord ond Fridovich. 

1969) The ,mponance of superoxide 111 oxygen toxicity (Oberley, 1982) led 10 

the following prcsumpuons regarding SOOs, all of which have proved correct 

t Only orgarusms cx1s11ng as oblisa1e onacrooo \11ould 1101 have 

�upcro.'(idc dismu1oscs 

2 An incrcasl'd e:c-posurc 10 o'C)'gen should result ,n che increased 

i;yn1he<1i, of SOD 
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3 Increased exposure to oxygen through the application of 

con1pounds such as methyl viologen (paraquat) or streptorugnn 

should increase superoxide dismulose synthesis 

1\tetabolism changes that increase dependence on aerobic 

metabolism should increase superox1de dismutase synthesis 

S The �istancc to hyperbaric oxygen should correlate ,v11h SOD 

lc-.els and 

6 l'l.iutant defective in SOD should exhibit a decreased resistance 10

oq-gen 

There are different types of supcro'.'<ide dismutascs, which catalyse the 

same rcaolon and appear to ha\.C comparable dcfic1cnc1es They have been 

classified acrord1ng to the type of metal at their acuve sue

(a) Copper-zinc contaioin� su�ro:udc diJn1ut1Je.

11 w a molecular wcag.lu of 32,000 dnllons llus dimenc molecule contruns an 

au,m of copper and an atom of ZJnc 11ghtJy but rcvctllbly bound per 16,000 

molecular weight (Steinman, 1983) 

l'hc act111c '1tc of the cn1ymc: coniists of I copper ion wrroundcd by rour 

histid1nc residues ,n a d1stoned squan: pl11111 configul'llllon TI1c: h1Mid1ncs ore at 

lito 4-1, 46, 61 and 118 Ilic copf)C'f anJ 11nc arc 1n clos.c pro,1n111y with the

nitrogen of I.be 1m1dvole nng of ll1s <,I hound 111 the copper anJ the othcr 

nrtrogcn bound 10 the ,,nc I he C.Oflf'C' and nnc 1011, w11l11n each subunit nrc 
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approximately 6A O apart According to the proposed mechanism shown below, 

the copper ions which are relatively eltposed arc catalytically active and are 

altcmntcly reduced and reoxidi:zcd by superox1de as follows 

Enz-�1e" 1 01 
Enz-Me.,., + 01

Fl\1.-Me ,._, -t 02 + 2H'---• Enz-Me"+ H10i 

where El\1. is  enzymes and Me is metal 

Net reaction Oi ..- 01 + 2li'-'---• I '201 · 01 

(b) l\1ao�ancsc- conl.Jlining supcroxidc di1n1u1a.se

The manganese superoxide dismutasc jg a dimer contrun,ng one atom of 

manganC5C per sub urut II has a molecular ,vc1ght of approximately 40,000 

daltons and Wll!i lint isolated from F:.\c:hl!r1cl11a co/1 (Stcinman. 1983) Its 

mechanism of catalysis is thought to be an alternate reduction and rcoxidation 

similar to that oftltc copper 1n SOO upon reaction with supcroxide 

The eularyotic manganese CllL)'fflC wns first obt1Jncd from chicken liver 

mitochondria and contains four subunits UlStcnd of two IL has n molcculnr ,.,,eight 

of appro)(imatcly 80,000 dallon, and is very similnr 10 the bactcrinl SOD ICllding 

to the same spccul111on that indeed, mitochondria evolved from n prol.:aryorc 

oource through its entry into an cndoccllular symb1os,s wuh a pro1o-cul.:aryo1c 

(SICIMUIR, 1983) 
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(c) Iron -containing super oxide dismutnse.

The iron conuuning SOD is similar 1n amino acid sequence to the

manganese- containing enzyme and \VBS first isolated from Escherlclua colt But 

about twO decades ago, they were isolatcd from bacteria and some plants The 

mechanism of the enzyme is similar to that of the Cu-Zn and manganese 

containing enzymes but appears to involve the sequential rcducuon and 

rcox,dauon of the acuve metal 

1.11.2 Cstalasc 

Catalasc an erv.ymic antio:itidan1 with electronic configuration of I 11 I 6 

which functions mainly by dismuwing hydrogen pao,ude formed by supcroxidc 

dismui.ase or by the uncataliu:d n::action of hydro'<)'l pcro,cyl radical 1n10 \V8let 

and molcculu oxygen 

H:01 + H�J CA1.ALA.Sl! H.-0) 0

Catala<e i• prejCnl in maJor anunal body ors,ns cspt.-c1ally conccntrntcJ in 

the liver and erythrocytes (Mullund, 1982) �fOfJ aerobic ull, contain cato1lasc 

ac:u"·ny, ho�c\'Cf, a few wch as bacacnum Jux1//11r pt1p1//1,1" and ,4,/)\Y'f•l,nmn 

111,cu.mo,iloe do not Alw, a few anaerobic b3ctcria a>nUJn 01ula� an cumple 

11 pn,r1iu,11hact�r1UT/f s;Nmta111I but mos& do noc (\1arL.lund, 1982) tlour pro,nn 

wbunita ha,.,t been IWO\l,TI 1n nima pun lied catalasc:s, and each of them con111m a

haem I r c: (IIIJ protoJ>OfJ)h)Tln) 19'0UP bound 10 us iu:t1vc 111c I unms et"'·
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( 1984) reported that the dissociation of the molecule into its subunits, which 

easily occurs on storage, frL-ezc-<irying or c.xposure to acid or alkali, causes loss of 

catalasc activity 

In animals and plant tissues, catalasc acuvity 1s largely located 1n 

pcroxisomcs, ,vhich arc a mcn1brane bound subccllular organelles Although , 

studies carried out on catalase activity in tissue homogenates of plant and animal 

indjcatcd that a significant proportion of this 11ct1vity is not bound 10 organelles 

This could partly or wholly be due to rupture of fragile pcro"1somc� during 

homogcnizat ion At least, the liver m11ochondria. chloroplast and the 

endoplasmic reticulum contain little, 1f ony, catalllSe activity therefore. any 

hydrogen peroxide sencratcd by them 111 ""'O cannot be disposed of in 1h1s ,vay 

(Si net et al. 1980) TI1e mechanism of catolasc rCllcllon is as follo,vs 

Fe (Lll) + I '20, Kl compound I 
. __ .::.:..-+ 

Compound I · I '101 K:z 
.. 

Cotnlnse Fc(lll) -1 2"110 + OJ 

'fh.e two i,econd-ordcr rate constnnt K1, and K1 for nil hvcr catoln.� h11ve values of 

1 7 x 10, MI S I and 2 6 x 107 �1 1 S-1 respecuvcly (Chance �rot., 1979)

From the above cquauon. the complete ren1oval of hydrogen pcro"idc 

requires the 1mp.1ct of t,vo mcoleculcs of hydrogen pero"ide upon a Mnglct active 

s,te 1111s b�mc:s less likely as hydrogen pcro"idc ec1ncentra1ion foll� ·n,c

amount of con1puund I present in a mixture of c.ualosc: and hydrogen peroxide 

lai\-DAN UNIVERSITY LIBRARY 
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depend\ on the conccnun11on, of catalasc nod hydrogen peroxide nnd on the rate 

(Atnstants K1 and K2

II 1hc conccnll ,tiun ol hytlro11t."ll pcro:111tlc r, fixed, the 1011111 1111c of 

rcmo,-al of 11 ,,111 be 111opo1t111n.,I to the conc:cntru11on of 011111.isc present and 

hmcc �111 be higher 1n h\icr than 111 aay, brain o, heart (S1nct .,, al, 1980) 

s,m,laily tor a gi,cn co11C.cn1n111on of c::atuLa.,c, the 1011111' rate of h)drogcn 

pc:ro,,dc removal ,viii be proporllolllll to the hydrogen pc::ro.,1de conc.cntruuom 

1.1 1.3 Gluu11hionc.- prrotidur 

Glu1a1h1onc pcro,1dasc (GSG PX I C I 11 I C)) 1s a ,, 1dcly d1,q,cr5Cd 

animal enzyme. liDt d1scovcrt.-d, pan1nlly purified nnd charactcn,cd by �hlls tn 

( 1959) ·\II hough, It has been reported 1n wn1c olg11c and fungi, 11 ,� not JlfCSCfll 

1n higher' plants or bacteria 'I hi\ n1crnbn1nc bound enzyme sca,engcs hydrogen 

pcroxiJc, fauy acid and hydropc10'<1t.lcs by n:Juc1n" them to \\'BICf and molecular 

o")gt:" and aho forming the ox1d11cJ glutatluonc (GSSG) from its reduced form 

1h01 2GSII 2GSSG + 21h0 

The cnrymc consists of four protein li'Jl>-uni1�. e11ch of winch con1wns one atom 

of the 1Clcn1um clc:mcnl in its active ,ho ft 11 probnbly p�nt 01 the 11ct1vc �lie 

as 1clcnocy5tc,nt, which redu� the pcro,udc to •n alcohol und I\ (>X1d1rcd 10 

r.c:lcn1c actd ( I! Se 011) (GullcndHC, I 988) 
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GSSG+I I
.., E-Sc­

(Selenolate)
ROOl-1+� 

GSH 

E-Se-SG
(Selenos11lnl11clc)

lhO 
GSH 

E Sc 011 
(Sclcn1c acit.l) 

Fig. 2 Proposed Catalytic �fccluirusm ofGlutalhionc Pcroxidmsc. 

ROI-r 
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In normnJ cells. the ratio of GSI 1/GSSG is usually kept high. hence 

glutath,one rcduc1n.� catalyzcs the reduction GSSG to GSI I as shown below; 

GSSG .. NAOPI l -+ 11 ---- � GSI I · NADP 

Glutathione reductase is a protein cons1s11ng of l\VO subunits Each of 

them contains flaV1n adenine d1nulclcoude (rAD) at its acuvc site, which, i� 

appattntly reduced by the NADPI I The FAD then passes ils electrons 0010 a 

disulphide bridge bct\vcen IWO cys1eine residues 1n 1hc prolcin. The IWO SH­

groups formed then interact \Ylth GSSG reducing it 10 2GSI I and reforming the 

proccin disulphide (Meister, I 983), 

1.12 1\lr.T/\l. orNDII\G PROTf"INS

A maJor 1n1io'(1d1nt defence of human plun10 is to bind transition n1etnl

ions 1n forms th4t will not siimulntc free radical rc.:ic11ons. or to 01her\v1sc prevent

the: mc:uJ ions from p111ir.1p111ns in such rcoction!f (1 Jolh\vell nnd Gu1tcridgc

1986) 

(i) 'l'nintfrrrin llli\ is an iron binding pro1cin present in pln�n1a of

lwmans Iron bound to tmrufcmn will nol 11nrticipn1c 1n 011 rad1c.1I

formatton or hpid pctO'(idn1ion {An1nn1n nnd l lnllhvcll, 19117),
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provided that the iron present docs not overwhelm the iron-binding 

capacity of the transferrin 

(ii) Lactofcrrin This 1s a protein present in human sccreuons and 

released by neutrophils It also acts as an antioxidant by binding iron 

(Guttendge, Paterson et al., 1981) The physiological importance of 

this sequestration of iron ions into ''safe" forms 1s clearly 1ll ustrated by 

an inspection of the multi-organ damage seen in patients with iron­

overload disease in whon1 IO\V molcculnr mass iron 10n complc.xcs 

(principlally involving citmte lignnds} (Groot veld et al., 1989) capable 

of stimulating lipid peroxidat1on and 01 l generation (Guneridge c!I

al. 1985) circulate 1n the plasma 

(iii) llar1toglobins and llen1opcsin. These arc plnsnia proteins thal

d1m1nish the clTcctivcncss of iron con1pounds in stimulo11ng lipid

peroxidollon Hoptoglobuhn 1s a plasma protein binding haemoglobin

libenitcd into pl115ma and other body nuids aner tissue injury. TI1c

hcmopexin 1s also a pro1c1n binding hcme rclCllsed from damaged

hcmc pro1c1n� that an: usually powerful stimulator of pcroxidation
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There are two mechanisms for haemoglobin accelerated lipid peroxidat1on 

(a) The reaction of the hen1e ring with cquimolar concentrations of

1-'102 produces an oxo-iron species such as ferryl, that can lead to

stimulation of lipid peroxidauon by interacting ,vith free fatty acids

or fatty acyl side chains 1n membranes ,vhile still remaining bound

to the proteins

(b) Excess 1-1201 can cause degradation of the heme rings of

myoglobin and haemoglobin, releasing from the protein iron ions

that arc capablo of stimulating 011 production and lipid

pcroxidnuon (Guttcndge, I 986, Puppo and I lallhvcll, 1988)

TI1e haemoglobin haptog)ob1n or heme-hcmopcxin complc"cs are

rapidly cleaved from the circuhuions (Oshiro nnd Naknj1m11, 1988)

since failure to remove haemoglobin 10 this ,\Illy result§ 1n brain

damage (Panter et al. 198S)

(iv) CeruloplASmin TI1is i s  II plasma copper contnin1ng protetn with

an1io"1dan1 activity (Guueridge and Stocks, 1981) It exhibit� ferro:<idase 

acttvity by oxidizing Fe1
' 10 r-e 1 ,vh1le reducing oxygen to water

--• 4Fc
11 

+ 21'10

The fcrro!l<idasc activity of ccruloplnsmin allows it to 1nl11b11 iron-ion 

dependent lipid pcrox1d11uon (Guucndgc 198S) S1mil111ly, cerulopln.smin 

non-specifically binds copper ions and con thus inhibit coppcr ,on-
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stimulated formation of reactive oxidants e.g (OH) and lipid peroxidataon 

(Gutteridge et al, I 984, Lovstad, I 987). In addiuon., ceruloplasmin reacts 

with H10i and with superoxide (02 ) non-s1gn1fican1ly, hence, the 

en;r.ymauc protein has l111le or no "SOD-like" or catalasc-like acuvity 

(Calabrese and Carbonaro. 1986) 

Albumin This also binds copper ions and usually 1nhibi1s copper ion-

dependent lipid pcroxidotion and 011 radical formation (Gu11eridge and 

Wilkins, 1983, llalliwell, 1988) The binding of copper ion.� 10 albumin 

may lead to albumin dan1agc if 02 8Jld I h01 ore generated in plasma, 

ho,vevcr. it prevents the copper ions from a11ael11ng 10 more 1mporta111 

targets such as key -SI I groups on the membranes of endothelial cells or 

erythrocytes ,vhere binding of Cu1' can lend 10 oxidative damage 

(1 lochstein et al 1980) Furthem1orc. ii prevents Cu1
' from accelernting 

the pcroxida1ion of low dcns11y lipopro1e1ns and promoung athcrosclc.ros1s 

(Esterba.uer et ul 1989), 

Albumin transports rauy acids in the blood and the bile p1gmcnts­

b1lirubin 1s bound 10 it II was shown by Cjtoder ,•t al.. ( 1987) thn1 

bihrubin acu as 110 on1ioxidan1 inhibitor of lipid pcroxid11ion 111-1•lrrc,

Pcrhap,. therefore; it pro1ccLS olbum1n-bound fany acids against 

pcroxida1ton ,n-1•11VJ Ho\l.cvcr the prcvcn11on of copper 1on-mcdin1cd

d11mage by albumin is probably a propcny Clf the protein 11sclr Albumin 
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is also a powerful scavenger of hypochloric acid (l lOCI) in plasma (Wasil 

et al., 1987) ond bilirubin contributes partly to this act1v1ty (Stocker and 

Peterhans, 1989)

Other metal chelating agents Lhat reduce lipid pcroxidation are 

citrate, diethylene tmmine, pentaacetic acid (DTPA), mahc acid and 

tartaric ocid (Lemon et al, 1950, Mahoney ond Graf 1986) Such agents 

either chelate metal ions or suppress n:acuvity by occupying cell co­

ordination sites on the metal ion and therefore:, may be clfcctivc agents 1n 

retarding metal-catalysed hpid pcrox1da1ion 

1.13 NON-ENZVMlC ANTIOXIDANTS 

1.13.1 Ascorbic acid This 1s a vitamin neces<;ary for the functioning of 

humans, other pnmatcs, guinea pigs and certwn fn111 eating birds 11 is a \Yhire 

crystalline solid that 1s very soluble 1n ,Yater ,vhcn pure. 11 can be synthes11.ed 

from glucose by plants and most animals but humans and other primates hnve lost 

one of the necessary synthetic enzymes dunng their evolution hence they require 

vitamin C rrom 1hcrr diets The 111-vnYJ biosynthcsrs of collagen 1nvolv1ng proline

hydroxylase and lysine hydroxyla.se (cnzyn,cs having re at  their acllvc sites)

require v,t.amin c a� 8 cofactor In the nbscncc of v11an11n C 1nsuffi01cntly 

hydro'.'tylatcd collogcn which docs not fonn fibroi» property 1s synthc:uzcd 'Thus,
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rcsuhing in poor \VOUnd healing and fragility of blood vessels (Seib and Tolbert, 

1982) 

Ascorbatc is an electron donor i.e. a reducing agent having the chcn1ical 

ability to reduce Fe (ITI) 10 Fe (II) thereby promoting iron upial..e 1n the gut The 

1mpon.ancc of its reducing nature \lr'lJS sho\vn by Hodges ( 1982) chat dietary 

ascorbatc inhibits the can:inogen,c aaion of several nitroso-compounds fed 1010

amm:&ls beca11!.I: it oon,-crts them to mactivc forms Indeed ascorbatc required by 

the prol)I hydroxylasc enzymes probably main!a'ins the copper (Cu) and Iron (Fe)

at its acuvc site in the n:,duoed acti, e fonn necessary for the hydroxylauon 

•c:ac::uon dunog collagen synthesis (Prockop et al, 1979)

As an antioi.1dant with h)drophihc: nnurc, it dirccdy l"C'.'lcts with ()] OH 

radials and hpid hydropcroxidn on the hydrophilic: layer of the mcmbnine but 

DOI '-ith the lipophilic ndicals w11hU1 rhc: interior of the mcmbran� Air hough 

locopbcrol tlJld ubiqu1nol arc the pnmary scavc:ngcn of radicals ,�irh1n 1he 

membrane, toc:OPhcrol uas ,n conccn wuh �rb,tc which causes 1hc 

rcgatcra110n of iocopbcrol from 111 a-1ocophcryl radical, a1 1hc surface of 

rnaobrancs And 1hc lOCOJ)hcrol 1hcn c::onunues to 101vrngc free: raJical, \'-1th1n 

the mcrnbnmc (11.anscn ('/ c,/ • I� I)

Y11&rrun J radical • Vi11m1n C 

Cu..i,:;,;;ophoyl rlld,aJJ 

--� • Vit&Jllln I • Vitamin (' "'11 I 
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For \itam1n C to exen its total antioxidanl activity, there is need for the careful 

sequestration of free transition metal ,ons that is generated during ussuc inJury 

from the plasma (1 lalliwcll and Gullcndge. 1984) The sequestration was highly 

essential because the admin1strauon of ascorbic acid to patients w11h iron­

overload can lead lo serious consequences, ho,vcver, unless desfcnioxamine 1s 

given simuh.aneously By contra.St. the overall elTect ,s that depending on the 

conccntralion of the L,;corbatc, free radical reactions may also be s11mulotod 

1,13..2 Uric acid. The antio-..idant aciivity of uric acid involves 

(1) binding of copper and iron ions in fonns that do not accclcrntc free

radical reactions and

fuJ darcal) sca\c:ng,ng oicidl.Zlllg species such as singlet o-.cygcn, 1 JOCI,

and pcroX) I "-IJ1cal1 (Amc:1 ,, al. 1983: Davies et al. 1986)

Groocveld (1989) in collaborauon with other researchers obsm,,"-d an

,I\Cr'e!UCld conccntnl1JOO ofbrc:a1do•••n products of unc acid in the boJy

nwds w en Crom twman1 with rheumatoid, arthri111 or aron-o�crlolld

dilCllsc 11lCSC "°-ortcn thcrcfo,c �cd 1lw unc aad docs ract

v.ith some mncant� ,,, rt1n' The rc:acuoo of unc acid \\11h m1a1n

oud tJng r,pcac:, � as 011 radal poduc•c•1 a unc acid nuhal

capable of raat "-llh o-1}'gCI 10 form a pcro,,t rad1ul (It O I

"'in h t,o.�1, 1, I , rcacill\C chan h)iffi1�)1 radical but Q!l allil
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damage/inactivate cenain enzymes (Kittridge and Willson, 1984). Bu1., 

fortunately. 11SCOrb1c acid can reduce these unc acid derived radicals 

(Maples and Mason, 1988)

1.14 POLYPllENOLIC C0l\1POUNDS 

Polyphenolic compounds arc antioxidants usually from natural origin such 

as 1n fruits, vegetables, nuts, seeds, flower3, barks of trees, and n1arinc organisms 

They arc of diverse chemical structure and characteristics They arc maJorly 

classified into flavonoids, tannins, coumarin:., lignans c1c (Cook and Samman, 

1996) These polyphcnolic compounds have been found 10 be involved 1n the 

alleviation of some ROS degencrauve diseases such as aging, arthritis, cancer and 

diabetes (etc) 

1.14.1 Flavonoitls. Flavono1ds are a ubiquitous group oflo,v molecular ,veight 

naturally occurring polyphcnohc compounds widely d1s1ributcd as secondary 

metabolites in plant kingdom (Middleton, 1993)

The maJor classes of flavono1ds include Oavoncs. flavononcs, CA1cch1n,, 

anthocyan1dins, lsoflavonc.. dihydro-flavonols and challionc, (KuhMu. 1970) 

Flavonoids arc absorbed from the gastro1ntcs11nal tracti of hun111n, and arumals

and c�crctcd either unchanged or as flovono,d metaboht� 1n the unne and faeces

I he extent of absorption of  flovono1ds being 11n in1portan1 unsolved problem in 
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adjudging their many alleged health erfccts ,vas considered by I !oilman and 

Katan. (1997) 1:1avonoids present in foods bound to sugars as beta-glycosides 

\\'Cf'C thought to be non-absorbnblc whereas aglyconcs-sugar free navonoids are 

able 10 pass through the gut ,valls I lydrolysis only occurs 1n the colon by 

microocganisms, "h1ch at the same umc degrade navono,ds On this base, 

Hollman and Katan. (1997) in a study quanulied nbsorpuon of vnrious dietary 

fOOll.) of qucrcctin Surprisingly, the quercctin glycosides from onion� were 

absorbed far better than the pure aglycone Subsequent pharmacokiocuc studies 

"ith dicwy qucrccrio g.lycoside:s showed marked differences in absorption rate 

and b1oavailab11ity Abo;orbcd qucn:ctio was el iminated only slowly from the 

blood ll ,...-as also found that ,.,...-o maJor sites of navonoid metabolism arc the 

l�-er and the colonic flora

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



0 

A I C I 
� 

Flavonoid structure 

I 

0 

Flavone 

0 

0 

Flavonono

40 

I 

0 

Chalcone 

0 

Flovonol 

0 

I 

Flavnnnl 

I 

OH 

OH 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



I 

0 

� 

Anthocyanldin 

0 

H 
0 

OH 

Quorcotln (yellow) 

41 

0 

I 

lsonavone 

OH 

Fig 3 ·1 he struc1ure of some clnsscs or Flnvono1d ant.I rcln1ed co111pounds

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



42 

1.15 RIOl,OGICAL PROPERTIES 017 F'LAVONOIDS 

Flavonoids are found in the thylakoid membranes of plant They probably 

participate in the light phase of photosynthesis as catalyst of the electron transport 

and (or) as regulators of ion channels involved an pholophosphorylation Also, 

flavono1ds arc kno,vn to interact with proton and Na - K pumps 1n animal cells. 

thus implying thnt they play a role in such processes (Pollard et al, 1979 Ravanal 

e1 al., 1981) When photosynthesizing cells dit; Oavono1ds arc released and 

appear in the plant juice, honey, and the resin Bees gather fluids ,vhich ore rich 

in Oavonoids from the plants and mru,ufacturc a resinous material called 

PR.cOPOLIS from them This 1s used to close openings in their h1\'es (l lausteen, 

1983) 

Flavonoids have a high propensity for clcccron cransport This pnoricy ,s 

C'<h1bited in their ability to :1C3vcnge free radicals and chela1e heavy metal ions 

known to catalyse many processes lc:id,ng to the appearance of free radicals 

l·urthcrmorc they arc known 10 influence the permeability of both natural and

synthetic membranes Therefore, Roufogalis and colh1bornto" ( 1999) in II recent

invcs1iga11on showed the inhibitory action of phenolic compound. on the Ca1
,

Na' - K and Mg' ATPosc a, potential cardiovascular agent, Their findings

ind11:atcd thnt flovonoids inhibition of the calcium pump is independent or

calmoduhn stimulataon and that bisphcnohc con1poundJ ,n panicular n111y be
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useful in studying the role of plasma membrane Ca2
' ATPase and regulation of 

intracellular Ca2 
· It was further suggested that they may as well have potential 

cardiovascular ac11vit1cs 

Furthennore, wine especially, the red wine has been reported to contain o 

range of polyphcnols such as ( (p-coumaric. c1nnamic. vanilhc acid, 

trihydro:<ystilbcncs and Oovonoids (catechin, cpicatcclun and qucrcetin) that have 

desirable biological properties such as promotion of nitric oxide producuon by 

vascular endothelium, inhibiting the synthesis of thrombo:,cane 10 platelets and 

leukotriene in neutrophils, modulating the synthesis and secretion of hpoproteins 

1n ,vhole animals and human cell lines, arresting i-umour growth as \Yell as 

inhibiting carcinogenesis in different e.'<perimental models. These effects ,vcre 

BC<:ountcd for through target mcchnn1Sms ,vhich include 1nh1b111on of 

phospholipase A2 and cycloo::,cygenasc inhibition or phosphod1estcra..� ,vuh 
. 

increase in cyclic nucleotide concentrations and inhibition of several protein 

kinucs involved ,n cell s1gnaling (Solcu l!1 ol • 1997)

1.16 PllAAAtACOl,OGICAL F.f717F.Cl"S 01' l'LAVONOIOS

rlavonoids have been rcponcd 10 hBvc o wide mnge of medicinal effects 
iocluding antibacterial anuvirul, anti-inOammotory. 1011-allcrgic (I lope rt ol,

1983), vuodilatory (Duarte ,:t of., 1993. and JUS1 recently cardiovn5CU1ar 11ctions

(Roufognlis et al, I 999) Moreover they have been reported to 1nh1bit lipid 
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l)CfO\'.idation (Sal\'ayre. t'/ al, 1988} platelcl'i aggrcgnuon, capillary pern1cability 

and fragility as ,vcll as the activity of enzymes like cyclo-o,')'gcnasc and l,po­

o,ygcnase Flavonoids also exhibit activities such as antio\'.idants, free-radical 

SQ\'cnging and di,-atent cation chclator.; (.-\fanascv, 1989; Fraga 1987) Natural 

concentra1cs of flavonoids such as Propohs (a resinous substance obra,ncd by 

bees from plant� for u...e as glue in their hives) have been u� for ycan, to treat a 

"idc � of human disease condiuons including gastroduodenal ulcers and 

amccr (lt111S1een. 1981, Hertog<"tal� 1993)

In orda to darify "'helher the antio\'.idant propcn,cs of flavonoids are 

dq,mdcnt on radical ,c:a,'CflS•ns or iron-cbcfating activities, Shim er ul. ( 1999) in 

1n rtn CSlJg1,tion used an expcnmc:ntal approach based on the notion that iron 

dd,1ors suppress O�A scis-st0n and cyioto"<icny caused by ,en-butyl 

h,d?opooxidc. "'hcn:as rarhcal scaYffl81"8 antio,idanrs prevent onl)' the la1tC1' 

rt.sp0ru.c:; h \l.'ll dearly evident in their c•pt.-nmcnt that the achvny of the

fla"'WJOld, qucrcc:tin r151des 1n rU iron chelating ability ,-1nrco,-cr 11 " , 

IUf.&tslcd c1w their apc:nmcnul appro:ich could be ut1l11cd 11,r the auasmmt of

DO cbdauon 10 the biological acuvuy ol flavonotd, or odlCf an110,1dan11

I 17 
MCJUJ ()f· A(�fff)"li (Jt' f I.A \'C)l'C)ll)S 

Roa,vny of na,vooid• have bc(:o 11udicd under .acral �J'ltt1mm1al 

•.JCdnJQIIJ arid web ,n\ r,aoom ha,c t,hCJ\\TI dw 1hc: am10,id1nt 11tupcn1 or
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flavonoids are due to radical scavenging properties directed towards superoxide, 

hydroxyl. peroxyl and alkoxyl radicals os well as a concomitant capability of 

chelating iron, a n,etal kno,.vn 10 increase the rate of appearance of free radicals 

(Pottcrat, 1997). !<or instance, the inhibitory acuon or quercetin and rutin (Muller 

1992) 1n lipid perox1dation result from scavenging superox1de anion inhibition of 

hydroxyl formation by chelating iron ions and reaction ,vith lipid radical 

(Afann'sev, 1989) 

\Vith1n the last decade, focus has been din.-cted to,vards elucidating the 

structure - activity relationship or flnvonoids Bors and co ,.,,-orkers ,n particular 

found that their structural groups were 1mportonl determinants for radical 

'iCa\lcnging and antioitidative potentials lhey arc the ().dihydro"y 8 (catcchol) 

Structure 10 the 13 -ring, the 2,3-<louble bond 10 conJugat1on ,vith n 4-oxo function 

and the additional prc..�ncc or 3 and S-hydroxyl groups for maxlmlll radical­

scavenging potential (Dors l!I al., 1987 19.90) Also, qualitative �tructurc-acuvity

relat1onsh,p (QSAR) has rcvcllled that the presence of I 4 and I, 2-

hydroqu,noncs ,n the A and /or B nng and 1he hydrophobicity or 1hc n1olecules

arc responsible for the 111 ,•,trtJ inhibition of lipid pcro'<1dllt1on (Miyahara et nl.,

1993) 

Somewhal rcccntly, 11 structure .11c11vity study of 14 d10crent chemical 

classes of navonoid'> 00 pho�hatidyl 1nos1tol-J,k11msc .11lpha revealed 1hn1 the

llOslllon, number and MJbstitulion of the hydroxyl group of tht ll nn!J and

mJJ)/\ii uNIVERSITY LIBRARY 
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saturation of C2-C3 arc important factors alTccllng flavonoid inhibition of 

phosphatidyl 1nositol 3 kinase (Aguila et al. 1997), an cnzyn1c rcccnLly 

indicated to play an important role 1n signal tmnSduc1ion and cell trnnsfonnalton 

Also, reactivity of navonoids w11h the supcrox-idc radical ,vas shown 10 depend on 

the rcdox propemcs ,11h1ch are highly scns11tvc to the hydrox-yl subs111u1ion on the 

8-ring The reaction mechanism appeared 10 be electron transfer ,11i1h concerted 

protOn transfer (Jovanovic et al., 1994) 

1.1a Cnestis ferr11gi11ea 

CMst1r /<tn1gu1tt1 "ith local names 'Oko AJ11' or Gboyin Gboyin (in 

Yoruba) belongs to a family of o,,nnarac,-a< It is found 1n deciduous ond 

secondary forests 115 "ell as secondary scrub c g.. Ud1-Plateau They arc widely 

dinnbutcd with 1mparip1nnate lcavn. ten inches long. eight �1n of leaflets. all

pans faruginously pubcsc:enl 1ne l1owaS are "hue w11h fcnug1nous sepals 

lbar fruns arc red. vd\dy, cu.-vcd pod, coruairung black IC'Cd,, one ol c:ich 

caPIUlc 

f'
nr

sJiJJ<rl'llgJ'ttf'tl II u,cd ,n 1...iiitioml rncd1etnc for a \'lfrc:1) ofpurpf1sa

The 1af ckcocuoo 11 used by yo,ubas of South Wnt Nigcna a, a la� 11,'0 

1¾.ld 1937J It can further be u!icd u an cnrma fl>J dy,cr.tcr) 1,-J gononhoa

T� Wwdcred ,ovt, of (nrr1,, /t'rfrlgtnro 1n flpt'I inJ " Is UJU.'111)' utcd 1n 
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orklore medicine lo Lreal madness caused by ill-fortune and for some other 

iUperstitious pul"l)Oscs (Kerharo and Bouquet, 1950) 

In Nigena, the lbos use the roots for tooth -ache and tooth-canes while the 

powdered bark is rubbed on the gun1s for pyorrhca The f rui t  is  juicy and the taste 

acid and bitter It is widely used in West-Africa for cleaning the teeth because ii 

has a very refreshing and cleaning influence upon the mouth and teeth The 

boiled or fresh fruilS arc crushed \vitb rum or palm-wine as a ren1cdy for snake­

bite and/or applied locally (Dalziel, 1937) l\llorcovcr, the fiuit Juice 1s used for 

treating \VOunds (f-lore du Congo Beige, 1952). Rubbing \Vith the whole pulped 

Plant 1s good for every kind of pain 

l.19 CIIF.:f\ttCAI, CONSTITUF.NTS OF C11esfiS ferrugi11ea 

It has been shown that rietrolcum ether fraction of ( 11c1hs Jem11,'111ra fruit 

contains among other constllutents, 0e111co'8nyl s1cr11rn1c and 1-myristo-2-stellro-

3- palmit1n (Ogbcchie ,•t "' 1987) Phytochem1cal �eening ofthi� also revealed

the presence or novonoids combined 11n1hmqu1nones saponin�. tannins. stcroide1I

glyeos,dc {Ogbcchic rt al., 1987) and a nove l isoOavonc glycosidc. afrormo!l'in

7--0-beta-D-galactosidc in the fruit {P11rvC7 rt al 1992) fourthcrmorc, ,,�

biological activitic5 were invc-.tigoted again�, dilTcrent or11,,nisms and 1t \VDS

�rv-• tl 1 • n<l has dn1tmicrobi11I activity HKAtnst ,tuplf)locrx-r,11
w 1a1 t us co1npou 

l • 
l
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foridorc medicine to lrcat madness caused by ill-fortune and for some other 

superstitious purposes (Kcrharo and Bouquet, 1950) 

In Nigeria, the lbos use the roots for tooth -ache and tooth-caries whjlc the 

po,vdered bark is rubbed on lhe gunis for pyorrhea The fruit is juicy and the taste 

acid and bitter It 1s widely used in Wcst-Afnca for cleaning the teeth bccnusc it

has II very refreshing and cleaning 1nOucnce upon the mouth and teeth. The 

boiled or fresh fruits arc crushed with rum or  palm-,vinc as a remedy for sl\3ke­

buc and/or applied locally (Dalziel, 1937) Moreover the frull Juice is used for

trcaung ,vounds (Flore du Congo Beige, 1952) Rubbing wllh the whole pulped 

plant is good for every kind of pain

1.19 Clll-:l\11CAI, CONS'rlTUF:NTS OF C1zej·(iS ferr11gi11ea 

It hos been shown that petroleum ether fmction of Ctte.\ft.\ /ern1g111eu fruit

contains among other constilutents, oaac:osanyl sten1ro1c and 1-mynsto-2-stcaro­

l. palmitin (Ogbechie ,., al !987) Phytochem1cal screening of th1s also revealed

the pr-� f n -d b,.ned nnthrnquinones �pon,ns, tannins, steroidal� .... nee o avono1 s. corn 

glyco,ide (Ogbei:hie ef al. 1987) and 11 novel ,sonavone glycosidc. afronnosin -

7-0.bcta-D-galacto�ide ,n the fnJ1t (Parvcz �, ,ii., 1992) Funhennore, its

b" I . __ , oainst difTerenl of'84n1sms and it was10 ogical activiti� were 1nvcs11g.:itc:u o.,.. · 

,..___ . ·aobiol ne1ivi1y ,against .11t1pl1ylOCY,cn11
�td th.11 this con1pound h:is nn11m1 
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rn,rc1t, and /i,;chcr1cl11a c:0/1, but did not inhibit the growth of A."iperg,llul 111gcr 

The compound also had an1ifungnl effects aga1ns1 C'o11d1da alh1ca11s (Parvez et 

<II· l<>92) Over a decade ago. C"<'lracts of roots, seems and leaves of C11esfls

fcrrugu,ea have been reported to have anu-bactenal activity (Boakye and 

Konning. 1975) and ontioonvulsant activity (Declumee/a/., 1984)

Recent phytochemical studies on the leaves and root'> of Cne.,11!; 

f<'rn1g111ec, shows the presence ofOavonoid and Oavonoidal compounds, however, 

their C"<OCl structures are yet to be determined (Okc ,., al., 1999)

1.20 QUERCETIN

Quercetin like morin, myricetin and kacmpfcrol bclonqs to a family of 

polyhydro,cyl Oavonc� which arc a subgroup of ,vcll-kno,vn natur al anuoxidant 

molecules \Vorfdwide. it occur; in conjugated or free forms ,n many edible plant 

fOOds (1 lcnnann, 1976. Hnrbom and \Villiams. 1975: �1obry and Ulubelen, 1980).

Querceun has been reported very ,v,dcly a� a non-carc1nogcn1c naturally

<>ccurnng navone (De Fds. tQ68 Sug,mu,., 1979) Some ,vorkcrs. ho,vcvcr.

have demonstrated the mutagenie1Ly and c:3rcinogenic11y of Omcl.en fem

(/'r<'r1du,m 0,111,,,,,11m), 11 component of ,vhich is quen:etin (Bryan and Pamukou.

1979, Pamukou ,., ol. 1980) Querccun has been �hown to affc:c:t the growth or

lranspl.intcd 5-arCOnla (Dohm, 1968) About a dec11dc ago Yo�h,da tJf al, ( 1990)

1

CJ>on....a h 
. kcdl · nhibits the growth of humlln gastric cancer cells

= t ist qucrc<:Un mnr Y ' 
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and blocks cells progression from the G1 to the S phase In addition results
obtained from the study on mouse epidermis by the two-stage model of
carcinogenesis promoted by 12-0-tetradecanoyl Phorbol-13 acetate and telocidine
suggests that the inhibitory effects of quercetin on such cell growth mny be
mediated by a blockade of protein kinase C (PKC), a known cellular receptor for

such tumour growth promoters This tnhib11ion \\'&S also found to be independent

ofCa1 and phospholipids (Feri et al., 1989)

Studies carried out on the anti- free radical effects of quercct1n suggest 

that this action of quercetin may be related to a reduction in superoXJde anion 

formation and/or with a direct sca-.-engiog of supero�idc anion!: radical (Xie cl al ..

1989; 1992) Also, the protec:tive action of qucrceun in induced-cardiac 

arrh)ihmias and acute cerebral ischema have been a(5.()Ciatcd ,vith the inhibition

of o�gcn-free radical formation., the dirCCI scavcnsing of such rnd1cals and the

1nhib11ion of SOD inactivation (Xie�, al. 1991, Feng�, al. 11)1)4) ru1hennorc,

CIUcrectin has been implicated i n  the 1nhibrtion of platelet •88R'8ll"On and

thronibin-induccd increase jn ea'' co�nuion in blood pl11tcle1s 1'hdc worl.:Cl'll

round that the inhibitory etlccu1 on such agg1C8lll1on could be rnluccd by aJLlins

caJc,u L - .__ q .. -«11n had no cllcct on tl11on1bin,1rnJuccdm to trw:: medium, w,=ca, ,_.. 

111tr-�--'1 , '"" Its SU'"'c:51 1h11 the 1nh,h11ory act1"" of......._., ular Ca • n:lc:ase , 11c rc,u oo 

(JUcr h sc ,n Ca'' levclt 1n platelets arc rn:unly
'0Cl1n on 08SJrg;tllon and I c 1nac:i 

dac tu 1111 1nlubrt&on ofC '' 1nf1u:,,; (Xiao and Gu. l9'9S)
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Similarly, Quercetin inh1b11s the octiv111cs of miscellaneous cnrymcs 

1ncluchng the 1on-mo11vc A1 'Pascs (l .. 1ng und Rnckt.-r, 1974, Gu,., al., 199 l) nnd 

glutath1onc S-transfcrasc tn a soli1ary bee, Afrxc,c/11/,• r1111111<ll11" (frohhch er ol, 

1919) Spcc1fically, qucrcctin inhibited plasmo mcmbrnnc C.'o1'-/\l'Pase of human 

erythrocyte 1nsidc-ou1 vesicles. oh hough i1 inhib11ed the Cn1
' -,\ TPasc of plasma

membrane "gho!its
,. ,vith lo,vt.-r po1cncy Qucrccttn has been shown to bind 

directly to calmoduhn in n C.a1 '-dq,cndcnt manner (\Vuthrich and ScMILm:inri, 

1980) 

1.21 1-:t-Ft-:CT Of• Qt:ERCI-.: I IN ON II\ l'•,ltGI,\ Ct''\11 \ 

Qucrcct,n was shown 1n O study ,..,11h al dose r1.'(f11e1� 10 po}<ess cn.r.) me

1nh1bnory propc:nics \l.ith on IC,o of o 3,1.1 L moVI (�foo nnd Zhang. 1991)

Therefore, 11 may ha,-c future value in the prophyla,is and 1rc.1uncnt of the 

COrnphcauons of drabetc, 

. u:d the cO'cct• l,f quc�lln on Na' /K • • 
Another enzyme study tn\lCS1188 

.. TP . • ·c of dilll>ctic nu, It ,va, found th,1t sorbitol"" •se acuvuy tn the Sc11111c nef'i 

t...._ • -·'I educed by qucr«11n trc,11n1cn1 \Vhcn
�I 10 ICIDIIC ncnc .. "ere n1arl-:= Y r 

· nm·c \\11, sign11icantly
�red wuh ronirols. Nn'/K' ./\ll'D.SC in �ciauc

bicrcaicc1 but there wns no hanue in 1hc 1ncn11ol
SIIJ'11fiC:.1flt C o 

lt'vCI!!, thll!I 
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suggeSting tha1 the response to quercetin treaunent is independent of the inositol
levels in sciatic nerve (Mao and Zhang. 1995)

Of recent Asgary et CII ( 1999) in a study compared the relationship

bctv�een structure-activity of quercetin. ruun and kaempferol (flavonoids) and

their inhibitory effect on haemoglobin glycosylation Qucrce1in wns found 10

possess the highest inhibitory potenunl on haemoglobin glycosyla1ion. thus 

suppon1ng their probable use in the tremment of d1nbc1ic comphcations (Asgary

1:1 al. I ()()9)

l.22 08.JF:CTIVEOPTHESTUDV 

�lumnn haemoglobin demonstralcs 01orkcd heterogeneity mainly 11s n 

consequence of post trnnslntional ch:inges due to 1hc non-enzymatic binding of

Vlriou� carbohydrates in O procc:,s c.illcd Glycosylation Glycosylnt10n ocairs via

• carbohydrate �uch as glucose rc:icung 10 ,ts free aldehyde form with n

!Qcmoglobin molecule to form the schiffbase con1pound oldim1nc (Koenig"' al.

1977) which m:iy undergo an 1madori rc-arnngen1enl to form 11 stable glycatcd

ltto:iminc producl (Achorya ond Manning. 1980) l11e e-<tcnt of the rc:1ction ,s

'"CTCUcd during diobctic hypcrglycc:min (Bunn ,:f al 1981) A vuricty of

�ota . t c ulycation and tins i$ thought to con1ributc to
ns are subJCC1 10 noo�n.zym:i I o 

the 1 . f d. SC (Robin5 and Doiley. I q7,1 Rcnold ,., nl

ong-lCTm comphc1111on o the 1� 

1978 W 1 1981) MC:lsuren1ent of glye111cd haemoglobin
• c,-i 1978; Vul· sarn ,., a 
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... pr'OYel'I lo be part1CUlarly usefiJI ,n monnonng the c1Tcct1\c:nc: ofthaapy ,n 

diab«es ((,oldstc1n 19'>5) llowC'\cr, 111110C the gl)C{t11ylnt1on of protc:in 1s an 

cmdative rcacuon an110 1d11nts hould he nhlc 10 prevent 1h11 rc:ict1on 

AN10,1dants such as 011vono,d, 1uc l11und ,n fn,ns. ,cgctnhlt'$, nut,. sc:a.ls. siemi;, 

flowen U "'t'll llS ICl'I nnd \1/IIIC nnd 11ft: 1n1ponn111 COIUIIIUtcnlS ,if hunun diet

Olarbom. 1994, Sole.,�,., 11/, 1997) these compound" ha,e bttn demonstnucd 

to 

(1) atlca n large vnncty ofcnr.ymcs

(11) posses.� free md1cal scav�ng1ng 11c11v11y

(i11) chcln1c ct"nn1n mctol cations

(iv) ha,-c ontio,udant propcnic-;

(v) increase l'CSIJtancc of L DI 10 o,tdntlon

• 1 �---,dd111ivc damage
(YI) protect b,omcmbranes agotn§ r, ... 

(�i) h phorylotion (Robak and GryglC'\\"<k1, 1<>88,
., atTect cellular protein p o, 

I 001 Glucrtog ,., 11/,. J •')()7. hhiko,,11 et fll,
Liu et al., JC)()2, f-f:irbom. • • 

1997, Fuhnnnn ,,, al, 11)()?)

..,,. 111 plnnl used c,ctcn�1vcly 1n ,\fric:,n
II mculCIII 

" · 
r purpo�c,ldit1on1I mcdic,nc for II vnncty 0 

1 (Uoak)•C nnd Konnlng. 1()7�).
havt been shown to re>�' on1ib:ic1er1n 

I 111 rror.c111c, (01:c:h1n1c ,·/ ttl.

lfllrn11aobutl (Porvl.".f "' of• I ®2), 11n1iconvu a., 
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1984) Recently, phytochemical screening of this plant showed that it contains 

maorly polyphenolic compounds ond metabolites such ns alkaloids (Oke nnd 

Hamburger, 2002) It  is against this background that this study focuses on 

(i) determining the presence of navonoids in the leaf extracts of C111!slls

J.:rn1g1ni•a

(ii} assessing the probable mechanism of 1nh1bitory action of C111!.111.1·

fern1gi'1ea on haemoglobin glycosylation 

Thus, considering the fast growing acceptability of glycatcd haemoglobin 

(GHb) by the Diabetes Control and Complications Trinl (DCCT) as n simple 
blood test that is highly predictive of ri�k for development and/or progression of

mia-ova.scutar and neuropathic complication 1n diabetes, 1hc di!;Covery of II ne,Y 

drug th:u oould have direct anest on the forma1ion or GHb ,YOuld provtde a 

breakthrough in the therapy and management of the long term complications of

lhc disease 
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CIIAPTER TWO 

l\'IATERIALS AND J\-fETIIODS 

2.1 COLLECTION OF BLOOD SAJ\-1rLES 

10ml of blood wns collected from I O commercial donors of the Un1vcrsi1y 

College I lospi1al. lbodon, The samples were collec1ed in vemoject bo1tles 

con1111n1ng l:.DT A as nn11coagulon1 

2.2 PRRPARATlON OF TIAEl\-t0GLOD1N 

RE.\OENTS 

(i) 

(ii) 

0.141\-1 NnCI 

8 J 8g of sodium chlonde (NoCI) (l lopkins and \Villiams. Essc"<.

En�land) wns dissolved 1n o little qunntily of d1s11llcd ,vutcr nnd mode 

up 10 I dm' ,vith more distilled ,vatcr: 

o,o IM Pho,phnl<' hufTrr pll 7,4: 1·0 m:ikC' up 1his buffer the 

follo,ving solution ,11crc preriarcd. 

(a) 0.011\1 N11:HPOJ1l?l'30

. . ohydrogcn onhopho:,ph�1c dodt'ellhydmtc
o 90g of d1'°d1um mon 

. , • 
,: r.:nglnnd) \VII� di�,;c,Jvcd 1n littlc <11111111ity

(Hopkin,; & W1ll1111n�. ,��. 
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of distilled \Veller and made up to 2'i0ml with more distilled \Vllter in a 

250ml volumctnc nask 

0 34g of potassium dihydrogcn onhophosphalc (llopkins and \V1lliom�. 

Fssex, England) was dissolved in o little quan1i1y of distilled \Vllter and 

made up to ?.'iOml in n volumetric nosk wuh more distilled \YBter 

(c) Soluuon (b) \Vas grnduolly added to solution (n) ,vith conunuous

sumng and the pi r ,vns adjusted 10 7 4 with O I !\,I NnOI I soluuon

PROCEDURr: 

Red blood cells hacmolysate \V85 prepnrcd by the procedure of Asgnry ,., 

n/ 1999 based on the principle of hypotonic lysis The red blood «11s were 

Wl$hcd thrice with o t4M NnCI solution I volume of red blood cells suspension 

"'11' lysro ,vith 2 volumes of o 01 M phosph111e bufT('f, pi J 7 •I nnd O .5 volume of

carbon tetrachloride ·rhc htll'n1olySDte \\'llS 1hcn freed from the debris by 

�1nfugation 31 I SOOg for t 'i mins at room 1empernturc The h;icmoglobin rich

fraction (upper layer) wus sepnmied and dispenst-d in10 sample boules for s1orngc

Ill -to·c unlil 11:11uiretl fur u�
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2.3 i::s·rtMA'flON OF IIAEl\10GLOBlN CONCENTRATION

rnr�c1r1.E 

The haemoglobin conccntmuon (I-lb) of a solution may be estimated by

any of several method� by measurement of its 

(i) colour haemoglobin

(ii) flO\ver of c-0mb1n1ng with o"<}'8cn or carbon mono'.!Cide or

(iii) iron content

In this study, the haemoglobin content of blood �mplcs ,vcrc estimated using the 

procedure of Drabk1n nnd Austin (1<>12) based on the d1lu11on of blood in 11

solution containing potassium cyanide "Ind pota�sium ferricynnide Haemogloh1n

and inen r1imenis c:uch as mcth:iemoglohin (Jli} and rnrbo,yh:iemoglobin

(tlh,O) {but not 51.Jlphaemoglobin ('-1 lb). \\'ett convened 10 hormo�lob1n cyanide

(Hie N) The nbsorbance of 1he rc•11lt1np sotunon ,v11� rhen mensurcd in 11

'rtttmphotometer 111 a \\-avelen�lh of �40nm or II phoroelec,ric colorimcu:r ,virh n

yellow.green fiher {e g llforil 625) 
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The Diluent 

Thi� i� the Drabkin's cyanide fenicyanide solution or reagent (pH 8 6) It 

consist-; of 200mg potassium fcrricyanidc 50mg potassium cyanide in LL of 

distilled \Yater The diluent ,va� clear and pale yellow in colour When measured

against ,vnter as blank 1n a photoelectric colorimeter at a ,vavclength of 'i<!Onm, 

absorbance must be 1ero TI -.vns stored at room temperarure in a bro,vn 

borosilicate glass boule to keep for several months 

RF.ACC�TS 

hR,\BKIN RF:AGF.NT: 200mg ofpo1a,;,;ium ferricynnide (J T Baker Chemie.11, 

C'o Phillipsburg, N 1 ) and 'iOmg of potassium cyan1d� (J T Raker Chemical Co

Phillip�burg. N J ) were dissolved in I Jure of distilled ,wt� The dilut'nl, n clear

,..., 1 • ed nt room rc:m,_,.,,turc in a bro,vn boro(ilicate"" pa e yellow solunon ,v:1� stor ,-�--

&la�s bonlc 

PltOCtOl,Rf:

1 Aller sumng rhe wl1111on ,vas
20µ1 of blood \A.'ali added to 4ml of d1 ucnt

111,,u -· fc JO Ill!' Ill c-rt-\llfC et1mplt:11un ol 1111·
"� t,, ,-1and 111 u,0111 1cmpcn11111•: ,r 111 
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reaction I he re�ultant ol . f i. uuon o 1-JiCN was then compared - h\Vlt a standard 

blank and a reage t bi k . n an in a spcctrophoton1ctcr (Cipcc-Merertck Cip-8'i0) 'It

540nm 

Concentration of �tandard/reference 1 liCN a y 

The baemoglob1n concentration ,vas calculated using the fom,ula befovr

1Tb (g/L) • A 540 of teg_sample X y X

A�o ofslandnrd 1000 

2.4 PRF.PARATfON OF 1\-IBTUANOl,IC E>.'TRACTS OF Cnc:rris
/t!rrtlJ:111('0 

Collection nnd Authentication of Plant '\fnrcrinl 

The lea\ies of Cth''"� frm1i:111,t1 "..-re oh1a1ned from :i forest 1n Mamu, a

Vlllagc 1n Oyo Stare The ssmrfes "c:re au1hentit',1tC'd and idcn11fied by l'\fr 1 K

Odev,o of the llcrbanum. l·orC$1 Re.search Jnsururc of Nigcna (l·RIN), lbadnn,

Oyo Stnte 

lnc fn:,h leaves of rhc plant "ere thoroughly nnsed and sprtad on trayi;

111d aflo"ed to nir-dry for one "cck at room 1cmpcnin1rc rhc dry lr.a\-ci "<'fe

blended to powder nnd weighed 2008 of the po"dttt1I lcavn ot ,·,,.._�,,,

f.-n,'K''"'"" was soaked ,n 21 of nicthAOOI (95% v/v) S1g111n t•hcmu:111 Co,

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



59 

London} in a covered glass fluted container and kept 10 a dark room for 4 days 

The soaked material \vas th n d d e ccante and the filterate evaporated on \Vater bath

at 40"C until a dark · h b green1s rown sucky substance was obtained The weight of

the extract \Vas calculated as follo\vs.

\Vcight of e,ctract + crucible

\\'eight of crucible =y 

\Vcight of e'<tract "'X-y

The extract was stored in glass c ontainer and left 10 a dcssico1or

2.S TFST FOR TJIE PRESENCE OF FLA VONOIDS IN

'\I I:. TIIANOl IC E.'X fRAcrS OF Cneffii fn-n1gi11en 

l'RISCTI'I.F.S 

l-la,ono1ds lll'C polyphcnolic compounds wh10h hnvc free radictil scavenging

PTOpenies The radical 2.2 Oiphcnyl-p1cryl hydranne (DPP£1) wns llrst used by

Takao et 11/ ,(1Q94) 10 demonstrate the pr�ce of llavono1d c'9n1poncn1s of

"1Annc bacteria prcscni in fish and fruits of 1hc sea fhis ICSI for tlavono1ds 1s

�SOO on the presence of phenolic hydro:<yl groups \\h1ch r1 "� clrccron or

i.)
d

,ogm donors 10 quench clecrron mobility 1n Dl'l'I I and thus, 1n1cffllpling 111(,

frcc-ntd,cal chain rucuon (Shahid, et al, ( t ?92) and forming con1rlr,rs 1h111

"1ow the oln,cr.cd yellow colomuon of urrr j ,111 n , ,ulct hl'1dgrttt111d 
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PROCEDURE 

I mg each of quercetin and methanohc ex1rac1s of Cne.�,;� f1'"1tgint'n, 

{Cn t) were '-llspended in I Omls of me1hanol The n1ix1ure \Vas ,;haken vigorously 

following which a capillary 11.1be \Ya<; uo;ed to appl)' altquols of 1he mix1ure a,; 

�pols on 1he aluminum coated plate about., 10mm 3\vay fmm lhe honom of lhe 

pla1e The site of the spot was carefully labeled and the pla1e was allo,ved to dry 

in air The plate was immer-ed in a tank conuuning the mobile phase 

(llthylac�1:11e fomuc acid wa1er 85 10· 5) and allo\ved 10 develop un1il the 

SOivent front had mov ... -d to about I mm to opposi1e 1hc edge of the alum1num 

coated plate 

The plale \..,3, then allo...,-ed to dry and view<.-d under UV light al 365 and

25-tnm I he fluorescent band!> ,,<!re niarl.:ed at those wa,.elength� and 1h1• 11ll11e

was 1 ..., . . h 1 · 1 liyd""7VI re.agent ( 10mg/10ml n1e1hanol) 11�ing
rraya.i wuh Dip eny -p1cry • • -·., 

a 'Praying sun Inc plate wa� tell to dry and lalcr se11nncd 1n a computer

Qucrcctin ...,'a.S used as the sandard flavono,d {l'ucndcs .,, al• 19'>7)
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2.6 QUANTrFICATION OF'fOTAL PTIENOLIC COl\JPOUNDS � 
�1£TAAI\OLIC EX'flUCTS OF C11e.\tisferr11gi11ea 

RE,\GENTS 

FOLIN DENIS llE�\GENT

Fohn Denis reagent ,vas p repared by a slight modificn11on or the methods 

of AOAC (1970)

20g sodium tungstote (Hopkins &. \Villianis Ltd, Essex, England), ·lg 

phosphomolybd1c acid (B O H Laboratory Chem1c.1ls Div1s1on. England) and 

10ml Onhophosphonc JC1d (1 lopkm & \\'illtams Ltd, Essex cngland) ,vcrc added 

to 150ml distilled ,vatcr in a redox reaction nasi.. Tl1t: n1ixtun: \Vas renu,ed ror 2

hrs U1 the presence of anti-bumping granulC5 (DDl-1 Chemicals Poole, England),

tooled and diluted to 200ml ,vith distilled ,Yater

£:itechin: (0.2111g/n11} 

2rng catcchtn (Sigma Cherrucal Co USA) ,vas nuxcd \Vllh ln1l of distilled

�'Iller d h • mc:d to facilitate con1plctc dissoluuon The
an I c rruxturc \v&S ,var 

10lu1• d 10ml ,Y11h d1s11llcd \\'Iler onJ uscJ fresh
ton was cooled and m:i e up to UNIV
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IOg/lOOrnl sodiun1 C:irhon:itc (N:i2CO;!) 

Sg sodium carbonate (Hopkin and W11Jiams, Essex, England) ,vas 

dissolved 1n about 45ml distilled ,vater and shaken unt·,1 . completely d1ssoh:ed 

The soluuon ,vas made up to 50011 ,vith distilled ,voter. 

PROCF.D lJR E:

Thi: lot al phenolic compounds in  mcthanolic extract of (,'1111.rfts fcrr11g111.:n

'"as quantified by using a modification of the method described by Go,v-chin Yen

and Pin-Der Duh ( I 99�) O 1ml of methanoltc c:-.tracl of ('111!.ifl.\ f11rr11gt11l!u

( l mg/ml) ,vas diluted ,,ith distilled ,,111er (3 25ml) and O 25ml of Folin Dent� 

reagent added 

TI1e miJtture ,vas thoroughly shaken, 0 5ml No1C01 ,vos added J 111inu1es later and 

finally made up to 5ml ,vith d istilled ,,.11er The reacuon mcd1un1 ,,·ns allo\\·cd to

5tand for 30 minutes ,vith 1ntcrmtttcnt shaking ,vhtlc tJ1c blue colour \\'u�

dcvc:lop1ng The nbsorbance rc:ad1ngs ,\ere 1oken ,v11h u spec:1roplto1on1ctcr

(photomcch 300·0�) 111 JCJOnm Catc:ehin \YllS uscd as .inndord The concc.-n11nuo11

er to•·' h 1- ds 1·0 the extract ,vas extrapoloteJ front the Mllndard
LW p eno ,c co111poun 

catcchin cune 
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Protocol for St:ind:ird Cntcchin Curve.

\'of of Cntcch,n Cone of(mg/ml) Cone of Extrnct ,\390n1n(ml} �n1.!l_ 
0 0 0 000 
02 0 008 -

·-

� -

04 0016 
06 0024 .. 

08 0.032 
I 0 0,040 

002 
. . Each experiment ,vas run in lnphcates
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� I 
Absorbancc values (390nn1) 
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2.7 ESTL,u\TION or llAEt\lOGLOBrN GLYCOS\'L1\TJON 

PIUNCIPLE 

Non-cMymattc glycosylation of protein e g haemoglobin occurs by direct 

reaction bet\,·een reducing sugars and pnn1nry anu.no groups in proteans. The 

reaction is slo,v, continuous, and irreversible and proceeds H1TOugh a scluff base 

adduct follo,, cd b y  an amadori rearrangement to )'!Cid a stable, ketoaminc 

derivative of protein as described by Day er al .• ( I 979) and further substantiated 

by Goldstein er c,/. ( 1995)

The amount of glycosylauon ,vns measured colonmetrically by a slight

mod11ico11on of the method of Asgruy •'' "'·· (1999). 

ill 0.0 l�I Phosph:tlr hufTtr r117·-'

(iij 

d 'bed 10 sccuon 2 2 Subsccuon (1i)
This ,vas prcpnrcd as escri 

!_111rmogl9hin s11l111in11, 

Scct10n z :! p3ge 5 � 

This ,�11.li token fr01n the stock prepared 1n
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()() 

Glucose solution: Different concentrations of glucose ,vere prepared 

by d,ssolvmg O 2g, lg and 2g of D -glucose (1-lopkins & \Vilhams Ltd 

Essex England) 1n J 00ml of O O IM phosphate buffer pl l 7 .J and 

diluting the stock to the desired concentrauoos 

PROCEDURE:

I ml of haemoglobin fraction and I ml  of the soluuon conU1Jn1ng different 

COnceotrattons of glucose (0 2g, I g, and 2g) 1n I 00ml of O O I �I phosphate buffer 

pH 7 4 \verc incubated 01 room tempernrure for 72 hrs.

A test control ,vas nJso prepared ,.,,ithout glucose The hnemoglob10

concentrations of the test and control tubes ,vere estimated at diOclrent incubn11on

Ptriods (0, 24hr 48hr and 72hr) ,is described in sccuon 2 3 page 56 This 

�1111Lltion v.•as used ns the index of measure,nent of hae,noglobin glycosyla11on 

Simple and blanks ,vere prepared in duphc11tes

2·8 
\SSA, OF TIii: EFFECT or �JF'I IIA,,01 IC E'\ fRACT OF 

C
11estis ferri,gi,,e,, 0,, 11-1,u1oc1.onr, c1, cos, t., r10N 

Die degree of haemoglobin glycosyla11on \\lllS mcJ}urcd colonn1eu1cally

by I sl1gh1 lllOd'li J I hods ofi\suAn: ,., al ( 1999) It 11 baJCJ on thet 1ca11on o 1 1c n1e1 o-, • 
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condensation rcacuon believed to occur bcl\vecn proteins e.g haemoglobin and 

�ugars c g glucose .\ schttT base, adduct that undergoes an amadori 

rearrangement to yield a stable ketoa,nine dcrivouve 1s forined The experiment 

\\as carried out 111 ,·,tro and the residual haen1oglobin level cstimnted 

colorimeuically by the method of Drabkin and ,\ustin, ( 1932) 

Rf..\GE:\TS 

(i) 11:it'moglobtn solution: This \Vas prepared as c.vlier described in scc11on

2 2 Pll£C S4

(b) �lue-0st (lg'I 00ml): Tot� \\'U also prepared as earlier discussed In

section 2 7 page 65

(c) 

(dj 

Qul'rcl'tin (OJ: o lg of qucrtdln (Sigma Chcmu:al Co US,\) \\US 

diuolvcd m IOOml of methanol and diffcrc:nl concentraunns prepared

fiom 1h1s ,1ocl:.

�1 f ( ,; t,m1r1nro IC nO O Is of mc1h111oltc
gJ r1h11noltr r11rprl {! _ .ff('\ ' ---

�rm of C nf \\DI dtts.ol,rd ,n 100ml or mtthanol and tl red

CooocnttA110111 d1� fron n
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PROCEDURE 

ln1I of haemoglobin solution, 1ml of(2g/100ml) glucose solution and 5µ1 

of gcntamycin 111 0 0 I t\-1 phosphate buffer pH 7 4 ,vere mixed and incubated 111 the 

dark at roon1 temperature in the prese11ce or absence of varying concentr1111on 

( IOµg. 20�,g or JOµg/111I) of quercctin or C nf rcspecttvely The haemoglobin 

concentral1ons at the incubation periods (0, 24, 48 nnd 72 hrs) ,vere esumated 

colorimelrically at 540nm by the method of Drabk1n and Au sun ( I 932) as 

described ,n secuon 2 J page 56 The assay ,,·as earned out ,n duplicates 

l.9 OE I 1-:RJ\JL'I/,\ TION OF TUE EFftEC'T OF l\l E 111,\ 'iOLIC

EX1"R,\CT or C11eS(i:, ferr1tgi11ett ON 11,\F.l\lOGLOOIN 

GL,'COS\'LATI0\111' IIIE PRESENCL OF Prt'\SIOLOGIC\L 

CONCF'I/TR.\ r10, or, ( llnJ!!inl) GLl1COS£ 

ru. \C.Cl'\'TS 

1•) Il,i1>,nnglnhin ,olution Thi) ,,,u prepared as c.vher dtsc11bed 1n s�-cllon

2 2 page 54

ll,J Qu,reetin: Tius ,vas prepucd llS ea,lier described in Section 2 8 page

6G 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



(c) 

ld)

69 

,1e1ha1101ic e,1r11c1 of ('111!.\lls {l!rr11J.,'1lll!a

,1ccord1ng to Secuon 2 S page 66 
This ,vas also prepared 

Gh1co,e: Different conccntrn1ions of gluco�c ,verc prepared by 

d1$sOlving the follo\\ing amounts of glucose ( I mg, 2mg 4n1g, 6111g, 8mg,

IOn1g. 15mg and 20n1g) (Hopkin &\\11lhan1� Ltd, Essex I ondon) Jn 20ml 

each ofO 01�1 phosphate bufier al pH 7 4 

PROCEOLllC

I ml of haemoglobin solu1ion, I ml of glucose solu1ion and SµJ of 

geni,unycin in O Oll\l phosphalc buffer pH 7 -I were mixed and incubn1ed rn 1he 

d.ul 81 room 1cmpcrature 1n the presence or absence of I Oµg. 20µg or 30µg/ml of

GUefect1n or Cnestu Jeml/,'1n.:u rcspccuvely DifTcrcnl conccntrauons of glucose 
1� 2mg. 4mg. 6mg. 8nig. 10mg, 15mg and 20mg Jn 20,nls c,,ch or O 01�1

Phosiihite buffer, pH 7 ,1 ,,ere u5cd Haemoglobin conccn1ra11ons \\t:tc c111in1n1cd 
24

!:rl)' lhroughoul ihc ,ncubauon period (72hrs) .i, an 1nde,c for 1ncn�uttng 1hc

dt-c:,ec of haemoglobin 8lycosylnuon Assay ,,111� carru:d out ,n dupllc,1tc) And 

the �rbancc re:id 81 S-IOnm colorinu:tncnll)' ocrorJ1nl! to 1he procedure of

r,,lbkJn and Au)lin ( 1932) a, earlier de«:obed 111 section 2 J p,11,;c St> 
UNIV

ERSITY O
F IB

ADAN LI
BRARY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



70 

2.10 ASSA\ OF r11E EFFECT OF C11estis fer1·11gi11er1l

QLERCETIN AND \'lT. E ON lli\E;\IOGLOBIN GL\ COS\'LATION IN 

CONTROLLED ,\ND UNTRE,\TED DL\IJETIC PA'I JEN1'S. 

Collccrion of Blood Snn1plc

(a) I On1I of blood ,vas collecred from 20 patients at the t.led1caJ Outpnuenr

Depanment (t.10P) of University College Hosp1Lnl The pallents ,,·ere

selected bn.sed on ,vhether rhcy arc ne,vly diagnosed, untreated or ,vell

managed, treated pauenrs Their fnsltng blood sugar (FBS) and 2 hour

postprandial blood glucose levels ,vere used 10 nss1gn thcn1 into 2 groups

labeled, Diabetic (fBS = 163 Smg/dl 2 llrpp - 298.Smg/dl) and Diabc11c

control (FBS = 83mg/dl, 2 Jlrpp = 120mg/dl) \'erbol consent \VllS sought 

fron1 the patic:nl� before collecting !heir blood samples 1n EDT,\ -

containing vcmoJCCt bortles Haemoglobin solutions \�·ere prc::pnrcd fron1 

these: blood samrlcs as descnbc:d 1n sccuon 2 2 page S·I 
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RE \Gl::!'.TS 

(a) 

lb) 

Onercrlin CO) This ,1;as prepared as described 1 1 1  Section 2.8 page 66

\lelh:11101ic e,tracl of C11t•\ti.\ [err11,:i11e11 {C.nQ. Tlus ,vos also prepared 

as described 1n section 2 8 111 page 66. 

DL-o.-Tocopherol {\'ir. £): This ,vas purchased from \Voko pure chemical

Ltd Japan (98�o purity· Sp Gr =- ( 0 948 - 0.960)

PROCF.Dl RE 

To 1ml each of haemoglobin solu11on prepared from blood samples

collected from the 2 groups of  pauents ,vas added 5µ1 of gen1arruc1n 10 0,01 :\I 

phosphate buffer, pH 7 4 The resulting mr"ture ,vas surred and incubated 111 the

dark at room tcmperaLUre 10 the presence of different concentrnuons ( I Oµg, 20i1s

or lOµg/ml) of qucrcclln or c:,.trac:l of C.nf or a-tocophcrol l'hc ,ncub�t,on

PcflCJd \l.'U 72 hours and haemoglobin conccntrauon \VO.S es11111ntcd 24 hourly ns 

Ill 1lldeit for measuring the deg1ce of hemoglobin glycosylation 118111g the method

of Orabl:1n and Au sun ( I 932) ai dcscribctl 1 0 1ec1ion 2 1 pasc S6 The

"11Cr1rncnt wu carried oul 1n duphca1e,UNIV
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F IB
ADAN LI

BRARY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



72 

ST.\ TISTIC,\.L 1\N,\L ,,s IS 

Data are expressed as mean absorbance ± SD of at least three separate 

cxpenn1ents Statisucal analysis \Vas performed by a one- \Vay annlysis of 

variance(. \N0\11\ using the SPSS sofhvare version (SPSS Inc. Chicago, CL) 

Graphs ,vere ploued \Vlth Microsofi excel on ,v1ndo,vs version 
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CH \PTE:R TIIRF.E 

EXPFRI\tEI\T \NO RESUL1'S 

rxrERl\1£'\T l: Test for the presence of fluvonoid, ond

estimation of total phenolic compound� in n1ethunolic 

e\tracts of C11e.\1ifi feri1_r:inea 

I\TRC>Dl CTION 

Pb\lJ:lOw an: polyphcnolic co�unds \l,hich lu\"C fn.-c raJbl $CII\-Cf1Sing 

�Opaties. The rad1cnl 2.,2 f)iphc:n)l·2·pa:)l hydzazinc (DPl'll) \\US first used b) 

lWio et al. (1994) 10 daoonsuatc the 1.-cscncc of tb,'OnolJ comroncnrs ,,r

tri:rme bx:tC"ri:i pn:,;cnt m ftm anj fimts of the sr.:i. The OPPII •� pro,xJcJ

u:fomi:nlOn on the n:3Cln"ll) of u:s1 w:icomids M-ith a st.tblc fn:c mJ1a1l. �.2

di;:,bt·nyl-pa> l-b,>1Ull7) I rndal c DPPlf 1 gna u strollS am,.,rpcion bmd ot

7
11111, Ill , blc spc:ctro P> (dcc:p ,'IOkt c.obci!J t:,ccao<e of u, odJ ck:ctn,n. 

lu ll1C clcttrot, l-..xD:Ir> paudl off th: prncue fa lice �.nl IIQ\t'l1l.C' c I 

·�

J'JtO( I :Ot lit 

. � .. 

•
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r:, 

Table 2: DETRRMINA1'10N Oft' PEltCENTAGE YIELD OF 
METIIANOLIC EXTRACTS OF Cnestisferruginea 

Plant rWeight o 
powdered 

Weight of Solvent (ml) Yield%) 
Extract (g)

leave:; 
�---=--1-' Cold rxtrnction I 0.16 2000 5.08 200g 

. 

. -

Table 3: ESTIMATION OF TOTAL PHENOLIC COl\1POUNOS IN
METIIANOLIC EXTRACTS OF C11&tisferr11glt11!a 

Concentra tion of
<.'11c.1t1s /cm1gi11ca
(111g, 111/)

O.o2 ---

/\bsorb:ince vulues 
(390nm) 

Concentrations of phenolic 
compound in Ex tract of 
Cnc:,tis Jcm1gi11ca (mg/ml 

0.337 :i: 0.0007 
--+--::'Co

"'::
tcc!iin) ------i

O.Oli75:!...----------'

r�h value is the mean * standard deviation, n 5

-
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��g 5: Thin layer chromatogram of metJ1anolic extract

fi t�c leaf of Cnestis ferrz,ginea in (Ethylacctatc 
;�mtc acid: water; 85: 1 O: 5) A C11estis Jerrugi11ea,

- Quercetin (standard).
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F.XPFRl�1F.NT 2: ASSESSr.t ENT OF Tll E Tl�1E-DEPENOENCE 01• 

llAE�iOGLOBlN GLYcos,·LATlON 

l�TROOUCTIO�

Enz)tne-0lUlly:.cl protein &l)COS) llltion is particularly important in the 

UJ.lmlcn;incc ol pl3Sm3 membrane integrity ond in fuc,htoting the .secretion of

� into the extracellular sp;iccs (Gallop t'I al .• 1975, Uy und \Vold, 1977). 

Oo the IX>DUm)·, certain proteins e.g. h:lemo&lohin undergo u non-elll)'mntic 

Bl)'l:Os)btioo "hich depends oo the pn::scocc ofo high conc:cntrnllon of free sugnr 

lid qui1c often requires non-physiQlogic 1ncubalion conditions (Bunn et al .• 1978) 

� rt:suhing in fom1111ion of compoimds such as glyco�)Lllc:d or glyc:ntc:d

�bin (Glib), (Al.Jen cl al, 1958, IWtblr 1968, 1969). 

A1mos1 t"'D decades ngo, 1,vo gsourn in their inJc�rll.lcnt 11udics on the 

red ceu llge-n:blcd ch:mgc in lib.Al•� and Jll-,Alc in norlllll wiJ dtllbclic subJa."ts 

� lll:d s))wsyl.ltiun of hauDJlllobin OCCWli 51()'1�1), CtlOIUlUOWly uuJ 

tQ:1> llrl:'\ffiiibly throughout the l2o-da) life umc of the rcJ cell lhcn:fi,n:, 1hc 

b..1tc ri:can Ilic period of nfyccml.a. the lar\'et lls tnflucnoc on 1:l)C'Alcd

c.lobin (fHlb) ,11Juc (I iug1blions t'I al 1976, I ulwD an! iiltln� 19'JJJ
I 
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�ss haemoglobin glycosylation in the n:lation to glucose conccnlrotion ond
period of incubation. l-lacmoglobin glycosylation is measured by determining the
amount of free haemoglobin following the exposure of the haem protein to
glucose thereby encouraging non-enzymatic glycosylation of the: protein. rn this

study the level of the haen1oglobin conccnlnllion is used ns nn index of

hacrmglob1n glycosyloiion. In this inslllncc, the lower the amount of free 

haemoglobin. the higher the extent of haemoglobin glycosylotion. 

PROCEDURE

lllood swnples ,vcrc collected from commerciul donors in the Uni\'crsity 

Colh:gc llospitn� J badnn. I lucmoglobin rich-frnc11on ,vu.s prepared from the 

s.irnpl� as d1..-scnbed on page 54. I IJJemoglobin concentration of the fraction ,vo.s

•I� csturuucd us contained on p3ge 56. I ml ol the hnen10globin fraction \\'llS

l/leubatcd ,vith !ml C.ICh of solution conuuning vnrying glucose conccntmtio�

(0.2g, I g and 2g per I OOml of0.01 M phosphale buffer pi I 7.4) in the dork ul room

1-......
t 11 • .__ . ,..0d o f  12 hrs. The c11.tcnt of glycosylnuon ,vns···-•.i W'I: or un tncu ..... 1100 pc: .. 

C51' • (0 ?4 411 nnd 72hrs) as described on page
'lll:ltcd ul v.irying incubation pcnod.,; · - • 

65, each cxpcrimcnJ \VUS 0111'icd oul in duplicates.
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RF-SULTS 

·rable 4 shows the data obtained from cxpcrunents on the de1erm1nn11on or
the effect of · · I tncrcas1ng g ucosc conccn1ro11011s on haemoglobin glycosylation al 

\'llr}'iog periods of incubation. As cun be seen from the Table. c.'<po:c;urc of 

haemoglobin to vurying concentrutions of glucose (2, I 0, 20mg/ml) n.-duccd free 

hacmoglohin 10 varying extents throughout the incubation period of 72brs for 

ClUlmplc, at 2mg glucose/ml haemoglobin conccnlrolion wns reduced from 15 14 

:t l765g/dl to 8.00 ± 0.750 by the end or the incub:ltion period of 72hrs. 

Similarly, hncmoglobin conccntrotion \WS reduced 10 11.25 ± I 1038f'dl "ithin

lhc lirst 24hrs of incubation \Yith 10mg glucose/ml 0) the end of 48 und 721vs

lllcubotion period, the hacn,oglobtn concentration h.td lx.-cn reduced to 6. 75 ±

0,702 lllld 5.10 ± o 6028/'dl rc.spccllvcly. On incrcru;ing the glucose concentration

l\\u fold (20mg glucose/ml) hllcmoglobin conccntr011on ,vus Jo,vcrcd 10 9.65 ±

0.9S)8fdl ,viilun lhc first 24hrs of incub:ttion Furthermore, the conccntn11ion of

hacTlloglobin n:duccd 10 6_ 10 ± 0.652 und 4.20 ± 0 453g/dl 111 mcuba11on pcnocl,­

at 48 and 72b.rs respectively ut 20mg glucose/ml f'ig 6 IS a grophicul

"Pn:sc . 1 • bet . w•n haemoglobin glycosylotion and the
ntaL10n or the rcl.ottons 11p \\c� 

lllcu�lion 1• • th or .... rvi.fl" conccntnition.� of glucose. ·1 he figure
1rnc 1n c prc.�ncc ·-., 0 

alJo14,1 tha · rdL'il!S hncMIY ,v,th the o.mb,enl glucoi;c 
I haemoglobin glycosyl11t1on me · 

CQ111;c11trur IOO.
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CONCLUSlON 

The degree of haemoglobin glycosylntion incrc3SCS linearly with the 

period of incuootion inn concentration dependent manner up to 20 mg glucose/ml 

"'here it appeared to be saturated. 
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T11bk'•: 1imr Drp.:ndt'nt G�, .:o�J lution of JJumun Jlarmoglobin 

-

• 

Period or 
Incubation (l'lrs) 

RA Ei\fOGLOBrN CONCE.�TRA TION ta/di)

' 

0 

24 � 15.14 ± 1.765' 
-

.is 15.10± 1.765" 

n . 15.11 ± 1.578" 

Glucose concentration (m ml\

2 

13.56 ± 1.461 b

10,26 ± 0,992 C 

I d . 8.00 ± 0.750 

10 

11.25 ± 1.103°

6.75 ± 0.702 r 

, 5.10 ± 0.602 s 

£a eh �alue ls a mean of 10 different estimations± standard deviation.

20 

9.650 ± 0.953 h

. 6.10±0.652 1

4.20 ± 0.4531

a-j �leans in the same ro,v carrying the same superscript arc not significantly different (P > 0.05) 

co 
... 
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Fig. 6. Time dependent glycosylation of human haemoglobin 

at varying concentrations of glucose. 
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EXPERIMHNT 3: INl<'LUl�NCF. OF QUF.RCETIN ANO EXTRACTS OF 

C11estis ferrugi11ea ON IIUMAN HAEl\tOGLOOrN 

GLVCOSYLA'flON

Haemoglobin glycosylollon is un oxidative reaction which occUIS slo\\ ly 

in circulating red cells. It is o non-cnzyn1atic condc11S11tion of t,,o abundant

reactants glucose ond haemoglobin (Goldstein. I 995). 

Several studies huvc implicated increase in lwcmoglobin A1, in patients

llith dmbctcs mcllitus (I luiSJTlJlll und Dozy, 1962, R.obbar 1968, Koenig and

Cerami, 1975; Koenig e, al. J 976; Goldstein, J 995). Neurly o decade passed

!\:rorc o flurry of clinical studies showed that thc increased proportions ofllbi\1,

111 diabetic patients could be used as O reliable index or glyccauc control over the

Jlrteee(i· £8 I 1977) further studies dcn1onstrt1t1.-d
mg ..,.. ,vccks (Gobboy el u ·• 

COrrclat1un of glyc:ut:d haemoglobin with other indicators or diabetic control such

lS 24hr uri- 1 1• p)ll.\n\ll "gluco� brackets", (l\.ocrug ,.,, al •
, .... ry g ucosc cxcrc 100. · 

1'>76) daily ,__ 1 , (Goncn et al 1977) and uren under the curve
• mcon p�ITUI s ucosc

or the glucose tolerance test (Koenig "'al.• 1916)•

, __ . _.__,10100,cot d1fficullics in rnc:J.Sun:mcnt,
ul)ptlc or the inconsidcrnblc n1cu.,., ., 

I� tcd by diahl:tolog� l1lld other
U$c of Rl)cattd hacmo1ilobin \YllS rnp1dly ucccp 
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heahhcan: \vorkcrs because, for lhc first lime, they had an apparently simple tool 

which could give a completely objective asscssmcnl of a patient's glucose control 

(Goldstein et al., 1986; Kilpartrick 1997). "Jncrcfore, measurement of glyca1cd 

proteins, c�pccially haemoglobins is now a rou1ine procedure for monitoring 

previous glyccn1ic control 1n diabct ic patients in lhc developed \\orld 

CRahlcnbcck, 1998). 

Qucrcclln is u knO\Yn Oovono1d \Vith unticnnccr, analgesic properties, anri­

fn:c rndica� cordiovosculnr activity ond clTccls on lhc comphcotions of 
h)11crglyccmio (!Ulnclleu1 et al., 1992; Yan et al., 1996; Mao ruxl Zhang. 1995,

Roufogalis et al., 1999). Jusl recently, the ontiox1dnnt ncllvity of quercelln \\llS

implicutcd in the trcutmenl or prevention of complicntion of diabctcs because it

lllbibitcd haemoglobin glycosylation (Asgory et al .• I 999)-

NoWQ.CU!ys, 0 great dcuJ of uucntion 1S being din:ctcd lo\wrds the

bioactivity of Oovonoids ns diclruy soun:cs of ontiox1donts. Tiie daily western

diet I f mixed fl;i\OOOtd, (Kuhnau, 1970) u
il\'1:ragely contain.� .ipproxunotely g 0 

qu.int 1 ·cnlly of signiliconl conccntrut1orui in
11Y lhot could produce phnrmnco ogi 

� id l\llvi: been rcponl!d 10 have u
Y Ou1d, nud tissues. Mean\vhilc, Oovono s 

m · I po�1on of lri:t: 
Yfiads of biological clTccls on cnzynies sue 1 as rud,cal 

11:a . IJ1l �lioll.'I. 1ncrc.iscJ resi�tOJICC of
\
'tngioi 11etivity, cbclruion of ccrt01n nic: 

I.DJ • • xidathc dunwgc: 10 b1onicn1brunc and
• 10 OX.idution, protc:c1ton 011:unst pert> 
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cellular protein phosphorylation (Robak and Gryglc\vsk� 1988; Liu et al., 1992;

llarbom. 1994: Glttcrtog et al., 1997; lshiko,vo et al., 1997; Fuhrman et al. 

1997) These propcnies nmy elicit phannacologicol responses rcsulllng 1n the 

cluculat1on of novel drugs. For this reason, extrocls of C11eJtis fem1gineu ,vitb 

li1tle or no documented pharmacological infonnotion \YllS chosen in lhlS study 1n 

ordtr to assess its possible inhibitory effect on hncmoglobin glycosylotion. In the 

same vc111. qucrcctin ,vos used n.s the control drug 

PROCEl>UR E

Tlus expcnment ,ws designed to compare the i:Oi-ct of qucrcc11n nnd

11.t • f c , t/f Jcm1p,i11e" on hnemoglobin \·ono1d · contoin1ng mcthanohc cxtrncts o nc.i · 

8l)�syl:111on over an incuba1100 period of (24-72) hrs. I ml of hacmoglob1n

�· . . 2 2 on page 54 ,vcrc incubated ,vith
10ns prepared os described 1n the scc:11on 

I -ntml ,n 0.01 �i phosphntc buffer pi Iml of the best concentration of glucose (20"'o' 

7 1 bin gl)cosylotlon os reported 1114) that gnvc the highest level of h:u:mos 0 

_ ·'··k 01 2-,oc :t. I in I he pn:scncc or
�11llcn1 2. n1e n1ixturc ,,'!Is kept tn 1hc uw 

� mcl.h:lnolic c:i.trnCIS ofC.nf The
llcc of(l0, 20 ond JO) µg/ml ofqucrccun or

:d sJdl 111 the difTc:n:nt incuhat1on
�lint of r"-s1dual haemoglobin ( lib) ,ncnsurc 111 

. . b o modilicu11on of the method of
�� \\1U used os on index of glycosylotio n y 
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Asgnry t'I ul . 

on page 65. 

RESULTS

ISO 

1999 and a:; d "bed · escn in section 2.7 under Mnteriols and Methods

fiig.7 and Tobie S shov,. the clTccts of varying conccnlrtllion of qucrcc1in

and meth.inolic extracts ofC.nfon hunllln IU1en10globin glycosylotion 11ficr 24. 48 

and 72 hr:. of incubation respectively nie �ult:i ob101ncd 10dicu1cd that 

haemoglobin levels increased on incuba1ton \vith these an1tox1dants 
hin"---"'" •JJQrc, the results sho,vcd that 1hc incrc;isc \VUS observed nt nil the

COllCc!ntrntions of the qucrcctin and extracts of Cn.f (10. 20, 30) �,g/ml used
. 

lltcsi>cttivc of the incubation period. For cxu,nplc, while 1ncuh1111on \Vith 

201llg/ml gluco:.c cuuscd glycosylution of haemoglobin by about no/o nficr 72 hr.;.

lrcn:.i.,ing concentrations of qucrcctU1 rcsultt.-d in nn 1nhibit1on of glycosylotion 1n

a tonccntrn11on dc:pcndcnl manner In this n;gard. the longer tJ1c 111cub:111on

Prriod, the gn::iicr the cllccl of the 80110,udont on lhc process <lf glycosylalion.

Abo the h,·ghc h . f ,1- onliox1dunl the greiucr the extent ofr l c conccntrUUOn o ... · 

PtC\,:ntion of 1 1 I the cfTcct of quercctin \\lllS hig�t aficr 72
C ycosy 0110n. In genera 

hr, of incubat . f . h·b't'on i.bing 10 20, and JO 11Hfrnl qucrcct,n
ion. Jl1c dci;rcc O Ill f I I 

�, 40, 33, 300 ., . ly Similurly melhunolic c:<trucl of C.n.f
257• rcspccuvc 
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prt\tnted glycosylollon to the extent thnt 30 µg/ml of the extract gove the 

maximum effect after 72 hrs of incubation. /\Jthough. the degree of prevention of 

glycosylntion by qucrcctin und cxtrncl!i of Cn.f nn: similnr over the varying 

periods of incubation, qucrcetin uppcnrs to be somc\Yhal more clfcctivc given the 

fact that Cn.fis n mixture of Oavonoids nnd other components. 

CONCLUSION 

'fh · · · · f tin nnd •·x1rocts of C nf on hu1nanc mJubnory nc11v1ty o qucrcc v 

h.lcmoglohin glycosylation arc both concentration und time-dc:pcndent. Qucrcctin 

a1-I C.nf tnhibucd hncmoglobin glycosylntion to about the sanie extent
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T•bl .. t> : Coa,pan,rl, .- rffrcn or ,1.-,tu.nollc e.a1n1cu orCncsti•·f,:rru,:lnca and Qucrccrin on 
llum•n __ ll11_�moJ:lpl!_it;! 9/J CO:S) /Jtlion ar �•'} if1Z. J>ci-iods of �£ubarion 

lfaen1oglobin conccntrntion(g/dl) 

Concentration of fla,·onoids ml 

lncub. +Gluc
20 mg/ml

Qucrcetin C11esris Jem,ginea 

Period Control 

I (hr)• lO 20 30 

! 
10 20 30 

I 14 

48 

72 

I 15.lffl,1656. 9.63±1,010 11,10±1.121 
\ 12.60±1.Jb I lJ.S0±}.40' I 11.10±1.}4 8 I 12.-tO±l.Jb I 12.s0±1 • ..ao•

1 \ 136.4%) , (26%) 17% 1} o/o 27o/o 18o/o }6% 

15.10±1.7556 6.00:iil.786, t0.60±1.1" 
\ 

11.10±1.12• 11.60±1.301 10.40±1. ld I 11.00±1.20· 

29% 27% 23% 31% 27% 

1s.11±1.1si• 4.19±il.s20 I 9.14±1.01• 10.20±1.0b , 11.30±1.25 1 8.95±0.95 1 10.40±1. lh

72%) . (40%) , (33"/o) I c25%) 1(41%) I (31%)

11.30±1.201

25°/o 

10.70±1.121

I c29%

Each l1llue is n mean of 10 different estimations± standard deviation. Gluc= Glucose 

( ) \'slue, in brackets represent the% of haemoglobin gl)'cosylatcd in the presence of20 mg/ml glucose. 

••• 

• 

\tearu in the some ro\\ CJtrl')ing the some superscript are not significantl) different (P � 0.05) 

Not significaolly different (P � 0.05) 
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EXPERIMENT 4: EFFECT OF QUERCETIN AND EXTRACT OF C.nf 

ON IIU�1AN IIAEMOGLOOIN GLYCOSYLATION IN TIIE PRESENCE 

OF l'IIYSIOLOGICAL CONCENTRATJONS OF GLUCOSE(:: lmg/ml). 

INTRODUCTION

·1111: findings that C.nf inhibited haemoglobin glycosylntion nnd municked

d1.1bc1ic state "in vitro" (experiment 3) has stilnulntcd further studies on the clTc.-ct

or this Oavonoid rich extracts on hunian haemoglobin glycosylntion 10 the 

�nee of physiological concentration of glucose (S I mg/ml). 

Although glycatcd haemoglobin had prcVtou.sly bc.'l!n described in no n ­

diabetic adults, it ,vas present in much smaller proportions in co1npnrison to

diabct1c patients (Schock and Schroeder, 1961 ). In vic,v of rhc fact thllt glycnted

h.-iemo tob· . bo 5 1°/c of tltc totnl haen10glob1n in non· S in species represent o ut • 0 

d be / 1981 L ittlc rt al. 1991). it i.s la tic adults (Dunn er al 1978: James er O · • • 

,..._. . . . by c nf of the glycosylotion of"'"'llcnt to dc1am1nc lhe extent of mlubiuon 

� . 1 onccntrotion, of glucose. llloglobin in the pn:i;cncc ofphys1olog1cn c 

l'I tocrou1tE

fr blood S,llmplc:5 collected trom I nil h:u:moglobtn fraction. prcptucd om 

1 t.:il ,YtU incuootcd ,�ilh I nil oftoriul1crci.il donors of the Univcr.;1ty Collcgt 1 ospi 

I.Ok frvm t� �,ock.9 prcp:ircd u.• 
&lucose �lution (runging from 50· 1 oOOµI) en 
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describ..-d page 68. The mixture \WS incubated in the presence or absence of
varying concentrations ( I 0-30) µg/ml of qucrcclin and extracts of C.nf as well as
SµI of gcnlllmicin to  prevent micro biol growth. Incubation took place in the dark
at 2r + l"C . . d over o pcno of 72hrs. llocmoglobin level \YllS estimated os

dc!itribcd 1n section 2.3 page 56 ut the incubation periods of 24, 48 ond 72hrs. 

RESULT 

The cflccts or varying conccolJ"Otions of qucrcctin and melhanolic e.•,;trocts 
of Cnestis ferruglnea on haemoglobin glycosylouon ,verc invcstigotcd in the

�111:e or physiologicnl cooccn1r.111ons of  glucose (S I mg/nll). Tobie 6 sho\,-s
� clli-ct of IOµg qucrcctin ond IOµi;/ml extracts orC.nf l•rom ilk: toblc. it con
� seen lh:it there is no significnnt glycoi,-ylolion of haemoglobin ot varying

conccntnuions of glucose up 10 1 mi;/ml Indcc:d. 4o/o inhibition of glycosyllltion
"'1S observed after 24hr of incubation \Yllh I mg/ml glucose. v,,hllc the e,tcnl of

11\hibition iocrcoscd from 55 10 7./o after 48 and 72hr of incubation respectively

C-on..-�1 I O g/ 1 d d I u!IO\V hucmoglob1n l.!lycosylo11on c,·cn
Y, µ m qucrcct111 1 no 

•Iler 72hrs of. b s· . 1 ul'" ,�ere ob�f'cd ,vith lneJti., fem1gf11ru
incu 0110n. • uni or rcs .., · 

llilllg ,0 nl 
• O g/ I quercctin and Cncstis ftrro�inl't1

• µi;,ml qucrcctin and 3 µ m 

1tsJ>cct· I tion WllS total. Tbc..c substance�l\"cly, the extent of prevent ion of glycoS)' 0 

did not ,-Le I even nftcr prolo�cJ hours or
llllo,v glycosylntion to ""' P nee 

ii)� Us) lat10n (l'oblc� 6. 7 and K). 
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CONCLUSION 

Qucrcctin and extracts of C.nf inhibited human haemoglobin glycosylation in the 

presence of physiological concentrations of glucose in a conccntrollon dependent 

manner. 
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..,.,,,..._, IHl .. nolfco r.1fn1C'f o(Otatisf�1l11«1 and 101&111111 qurrccfin on ••c•oel•W. mcw:,ladeil 
la 1k �llff or r•�-,iol�I 1l•t1KC na�afnffoa ($ I m&fml) 

Coalrol 
-�,. 

l�lln) 411hn) 

I 1a, HIVIC.IVUII.I '-,.VH'-'6111 I -IIVII • .,.. UI. -

+qurn:rlia (11&/1111)

721hnl 24fltn) 411hnl 72(hn) 

+C. ft:, I apaa �

Ulllnl nl . 

\-50 15.15! 1.610 l5.llil.550 l5.092tl.5l0 15 •. 21 rl .!UO 15.16tl.511 15.1911.521 15.20tl.!-21 IS.IStl.520 15.lltl.!U
- ---

100 IS.IOil.4,1 14.'IIUl ... 99 14.7&1.1."85 I S.2011.529 l5.l9tl.520 IS.20tl.522 
···- . - -- --

100 IUltl..'110 14.15.t t .490 t4.60tl.S01 IS.19�1515 15.19.tl.SlO IS.lltl.519- - --- - �  - - -- - ---

300 14.Utl.!OO 1-1.r.11.-115 l-l.!iltl.-19l I I !1.16 t 1.516 1!1.17:il.Sll l!i.17tl.510 - - - - --

400 14.l76'tl.520 1-1.69±1.-172 1-1.-lltl-<GS 15.17.t 1.52-1 IS.16tl.529 IS.17.tl.522

541G 14.69±1.471 14.5111.605 1-l.ll:1:1.-452 1!1.1511.511 IS. I St 1.521 IS.15il.S19 - - . - - -
\ 1-1.,1:t 1.-171 i5G 14 ... 611.4� 1-4.201.l.«S l4.91tl.520 1 l!1.1011.511 l!I.IOtl.515 - - --• --- -• ----- - --

IIOO l-l�tl.601 l-4.l6i 1.4-ll 1-1.1011.J,l I 1.a.,�s�k.0011.s20 l�IOil.516

E.acl, n'- n • •et• or 10 difl'unt ntimation, i.1t.1od.1rd dn l.11ion. Clue• Glucou 

\"amn 'In - 1ipifoaol'! d,tr,rm1 •• (P;?: 0,0!') 

IS.19±1..SU IS.lltl..519 l5.lffl.524 

IS.1111..520 IS.19tl..52' IS.17tl.Sll 

15.17.tl..521 IS.ll.tl.522 15.llil.522

15.1611.524 15.17:tl.520 15.17:tl.520 

l!l.l,lil.520 15.16± 1.519 l5.16tl..520 

l4.97J:l.4ff 15.11:tl.5l6 15..1011.SIJ 

14.9-li ·-�· IS.OO.tl.515 15.11:tl.515 
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T•hk,. 

Effect of ZOJJ1!/n1/ n1ct/iunolic c_,rnacr of Cnt!Slis /crruginea and 20µg/ml qucrccrin on haemoglobin 
,ilycos_tllltion In tbc presence ofplaJsiological glucose conccntrnrion (;!;; J mg/ml) 

Hncmo lobin conccntranoo 01 

Control + ucrtttin ml ml 

Clue. 14(br) 48(hr) 71(br) 24{hr) 48(hr) 72(hr) 24(hr) 48(br) 72(hr) 

ml 

so tS.l6i:l.Sll 15.14±1.522 15.lOi:l.Sll I 5.2 2±1.552 l5. \5:t:1.522 15.18:t:l.532 15.21±1.530 15.16±1.523 IS.19±1.192 

. . 

100 \S.\ li:\.Sll \4.91±1.503 14.77±1.483 15.lW.541 . 15. tS±l.531 15.21±1.545 15.20±1.541 15.19±1.531 . 15.18±1.532 
• 

100 14.95:tl.501 14.Slil.49 l 14.61±1.473 l S.19±1 .532 15.17±1.540. 15.19±1.521 . 1S.19±1.549 1 S.18±1.521 JS.10±1.520 

JOO . l .-.s1±1.491 14.80:tl.$!1 14.52±1.463 15.18±1.543 lS.16±1.53 2 15.17±1.532 

.-oo 14.19:tl .493 14.71±1.482 14.41±1,450. 15.17±1.534 l 5.15:tl.530 1S.JS±l.534
I

' 

500 \4.7W.471 14.64:tl.473 , 14.30:tl.43 l , lS.15±1.51 I 15.14:tl.520 , 15.16±1.512 

750 14.64:tl.461 14.55:tl ..464 14.91±1,420 I 15.00±1.522 15.10±1.520 15.00±1.512 

1000 I 14.56±1.501 14.45±1.452 14.09±1.413 . 14.96±1.502 15.00±1.511 15.10±1.521 

Eacb ,,iliw ls a mean or 10 different cstlm11tioru ± standnn:I dc,intion. Clue: .. Glucose.

\'alues art not sii:nilica.otly dllTuvit at (P � 0,05) 

15.18:t:1.532 15.17±1.513 15. 16±1.531

15.17±1.522 15.15±1.521 . 15.15±1.532 

15.15±1.520 . 15.14±1.520 15.13±1.521 

14.97±1.501 15.10±1.511 15.11±1.522 

14.95±1.500 , 15.00±1.510 15.10±1.521 
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lilbk e 

Effttr of Jllµgin1I n1rtbJtnoJir r�rn1rt of lnt!\10 ferru,:illet1 and JOµglml qurrcrtin on hatmoglobin 
I!� CO<) Ltrion in fhr ,,�cn<"t of ph� siologi<"al glucose cont'cntrurion (� I mg> 

llacmTlobin Concentn1tion (gfdl) -----�-___ _ 
I 1 

Gluc Control 

I <srm> i
+quettcll.o (µJ/ml) ..-C. frnvgiM-a (µi;ad) 

24!'!!!1 4Si!!!l , il(br) I2.4(hr) 48!!!!J. 7l(hr) 24(br) -'8[br) il{br) 

� lS.l"'il-"21 15..lS ±.1.501 lS.10:tl.551 15.ll:tl-�2 15.16±1.523 15.18.tl.532115..21±1.511 � 15..14iJ.Sll 15.IS:t:l.5.l�

100 IS.17:tl.Sll 143&:tl.491. 14.91:tl.511. 15..10±1.511 l.S.17:t.1.532. lS..19±1-'21 , 15.20:tl541 _ IS..1':.il.510 l!.10il.$&2 
I I , • --. 

100 � \.Ul±l.501 1-'.89±1..487 1 l-'.60i:J...431 : 15..18:il.Sl 15..18±1.521 lS.18:tl.531 . 15..19±1.532 115.18.tl.5JI . 15..19±1..541 

lOO I lUStl...&91 
I 

� I 1-l.17±1"'81 

500 \ 14. iOi:l.Ml 
' 

1.-.so11."'81 , 1<1.s1±1.s21 _ t.S.JHt.510 1s.1:-:1:1.s12
I I I 

lS.16tl.5ll I IS.18:tl.514 

l4.73:t1A7S . 1-'AO:tl.ASl . 15.18.tl.511 I 1S.l5.tl.52J , lS.1611.SlJ ' IS.I i:tl.521 
I . 

I 14.63±1.MiS 14.31:il.MJ, IS.16tl.S22 IS.16il.531 15,1511.513 J IS.16.i:l.513 

1S.16tl.51J _ 15.IStl.sJI 

lS.1Sil.S12 I 15.li±l-<ll
I 

--

I 15.14±1.511 _l_ I 5.16 il.510 

7!-0 I l4.63:tlA72 1-'.54±1.60 i 14.l8tlA21 15.10:t:l.514 J 15.11:tl.Sll l5.12iJ.S02 I ,s.10±1.so2115.1011.SOI I IS.11:11-'tl? 
i 

I 1000 I 14.55±1.603·1 l.fM:tJ.50J I t4.1>8:tJAl3' 14.98.tl.502 I 1s..10-tc1.s12 l 15.12:tl.510 I 15..10.il-"-Ot f 15.00tl-�12 I ·�-IOtl�I I

Eacb \"11.Wt b a mewo or 10 dlfTrrmc ntin1alloru t uandard de,.iatloa. 

�·.a1aa arc 001 up,tncanlly dlrrercnr al f P 2: 0.05) 

Clue •ClucoM-

,ar ,,.,"�,-�,,-.....:..,..-. • ...,,.,:'II. 
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£XrERl,\IENT 5: � CO I MPARISON Of TIIE ACTIONS OF C11estis

ferr11ginea, QlJERCETIN ANO V IT. E ON llAEMOGt.ORJN

GL\'COSYLATION IN DIABETIC PATIENTS

INTRODUCTION

Detection of glycutcd haemoglobin (GI lb) in blood is fast becoming the 

llllcmationnlly established method of o.sscssing long-term glycncm1c control in

individuals with diabetes even though test results have 10 be s1nndardLZCd among

laboratori� (Santiago, 1993). In vic\V of the fact thnt nccumulotion of ad\WlCcd

ilYtation end products (AGhs) have been 1mplicutcd os o major pathogenic

?roces:s lcuding 1o diabetic complications.. on U1Cl'C11Sing nunlbc:r of drug

:andidatcs have recently been dcvclofk!d ns potential inhibitors of AGEs

i>mntion (Rahbar, 1999). l·or instoncc, orninogu:uudine, u hydrazine - like

�Ice I · • . d·-·• both "in l'ilro" und /11 ,,;,'O" us anu e IS the hrst drug extcns-1vcly stu 1"..., 

lnhib'to • . . • tl unJcmoing clinical triul. It \\orks1 r of AGE fonna11on and 11 1s currcn } '0 

by b•-- · • molecules that con lonn J\G!Is. It
1<X:lung the rCDclivc carbonyl groups m

� . cd tcJ collusen cross-linking und
not interfere ,vith nonnal enzyme ,n i;i 

.,___ (" '11lcc ,:I al, 19811). Sc\ensl
TJ'Gll"S to be largely free of other side effects uro,v 

� ·\'c in the inhibitwn of the cJe1runc111ol
agents have been sho,vn to be cffccll 

H\'c.. • • ( Yut! tl al.. 19H-I ), e1mo�1n�",q;ts 1· I. , .. n" c H aspirin
0 excessive protein cros.,; '""1 .,. 

18A11AN UNIVERSITY LIBRAll't
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(Hipkiss et al, 1995). antioxidants such as vitamin E and Oavonoids (Ccriclo et
a/.,1988). However, since. ominogunnidine wns Inter found to act as an inhibitor
of nitric oxide synthose, the effect of o novel inhibitor ofndvnnced glycation end­
product,; formntion. that docs not inhibit nitric oxide syntbase, known ns 2,J
diarninophcnazine (2,30AP) ,vns cv-Jluatcd by Soulis et al. (l999). Jt \\'llS

rn-caled in their study that both ominoguanidinc and 2,3 OAP reduced the
formation of advanced glycolion end-products as measured by rndioimmunoa.=y
a,-i as nsscsscd in1munohistochemically in n1escntcric vessels. l·urtbcrmorc. it
offas o means lo diffcrcnt1utc bet,vccn inhibitors of the early nnd late Slogcs of
.. 1.. • 

• n lorgc numbers of potential..,,catK>n and provides a rnp1d method of scrccnin,. 
inhibitors of glycntion o r  glycosylntion (R.:lhbar, i 999).

rcctin Olld extrncls of C.nf arc ·111c finding..,; in the present study th:lt quc 
. and the fo.ct th:it the ingest ion ofl'Olt'Tlti3J inhibitor.; of haemoglobin glycosylLltion 

I 'et' ulycotcd haemoglobin &.... I dn)·) cOII o" ,. -sc amount of villlmin C or I! (e.g. > g 

I 1991" Dovie et al' 1992) lever. 
· (C.'criello et O •• ' ..., Ptrhnps b) blocking glycauon 

rr.. C.nf ond qucrcetin h:ivc uny cucc:t�est that lhcrc is need to  nsccrtwn ,�hctbcr
. . rtinent an the 

'J t,c:refon:. at ;;ecms pc ori 81 •• d nbetic <,tOIC.)'tilted haemoglobin ,n ulC I 
f c nf on AOl'.:s cttn ond cxtructs o Prtsrnt n· LS ofqucrc study. to invcsJigute the c cc 

. . he t,re;il.Jo,, n of 
,., "ould l11c1h1a1c t .. Qr••� 

h fln,.:(IOOKIS � to ascertain whether t �sc 
. • ndiviJuul ,�here 

(it 10 dlllbelaC I �P. r,dou.� i,cnc 1 :a lltis will dcriniu.:ly be of trcmc 
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lbcrc i� nn unusuuJ nccumul,llion of AG!' , :s prior to lhc development of diabetic
romplic:i11on�. 

PRO(f.Ol'RE 

Bloo<l samples from controlled nnd unlrcotcd diabt:tic pa11cn1s at lhc

�ltd,cu.1 OutPatieot.. Dcpanment of the University College: 1 lospitaJ. lb:iclan \\'ere

COilected in Na-EDT.•\ t�-.ucd bottles. Blood glucose levels \VCrc dctcrmioc.-d in 

lb:sc blood snmplcs in order 10 ascertain lhcir s1111us \\'Ith n.-gards to 

hn,ergtyccmia. Hnemoglobin frncLions ,.,,-ere preparcd from the blood samples

•ihin 24hrs of collection a s  descn"bed in the scclaon 2 J page 56. The

�globin fnu:tions "en: 1hcn incubalcd m the durk nl ?.7°C � I for 3 day,; \\'lth

Or •-.bout ""'"' . ( 10 30110) qucrcctin. or C.nf or Viun1in C TIJC
--J 1ng concentrtlllons • .-o 

i._ - 'b· . . led on ll duily oosis (i.e. 24 hourly) b.>· a-uogio rn conccntrntwns "ere csuma 

'°i1a �ifJCa110n of the method of AsgMY ,•r ol., ( 191)9) � dcscnbcd on page
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RF.'iULT 

·1 a hies 9 nnd I O sho\v the effect of vnrying concen1m1ions mcthnnohc
�tracts of C.nf. qucrcctin and Vit. E on glycated haemoglobin rn blood samples
liom controlled and untreated diabetic patients. A comparison of the haemoglobin
lc\'tls ob1a1ned after 1ncubat1on of the haemoglobrn SDmplc of controlled and

lllllrtatcd din bet ic patients separate ,vith C.nf and qucrcctin indic:ucd a slight
insignificant mcrcase in the hoemoglobm level (14%) across board. Although the
addition of JOµg of uny of the three substances (quercctin, C nf and Vil f')

lll(rea._'<d the I Jb level by 13% in the uni rented diabetics ho\�·evcr. !here \\IDS no

significant increase recorded in controlled diabetics after 2 days of exposure lo

�rrctin, C nf und Vit. E.

I ·llltion \\Cl'CAlthough the levels of g ycosy n.-Juccd by \QJ');ng 

f:. these antioxidants� tin lllld Vit �ration.� of extracts of C.nf quercc 
r 

cd bncmoglobin. The po1cnc) o 
, .. _ • the glycol •1<1I h.id no significant eflcct on

. 
{Q .. IJ cd dinbcllC pallCOI � t'--

-"...,. in unireal 
'"CC Compounds "ere almost the""'"" 

\Ui_r 13 %, Vit E • 14'}�)
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TaNrt 

F.fftc1 or 1Mthanc.lk ,,tntt or t)tC'fl., Jrm,,:(,tta, qutrtttln and \'It. F. on h1,mn2lobln 2l)·to1yl1tlon In
(Oft"'°""' dia�t\t ratwnt,.

""'�'\OCU>II� C'ONC1'.NTRA l ION (tldl) 

IMalJ:nd. C•ln\ 
\ 

Q.•n.,,"'! ... �J- _ -•-....;;O..�,f!!!'!ll�f J!.mU _ . VII.��----

.... .-nl(I,,..\ Ill 211 30 10 10 30 10 10 30 
-� _. ___________ ..., ____________________ -t"'-""----t--------+-------+------

14 \C..111�\JU 1!\.\lt\J..\ 1!>.lltlll \�l!lllJ4 l!\.OltlJl 1!'..1111.lJ 1!1.1611.lJ l�ltl.1J 15.llil.111 15.IStl.l.�
- --- .. ' ,  

' a 1-.;1\o(l� t 1'-\ltl.ll l!l..'\411.l\ t!l.t•ttll 1!1.lll l.ll l!\.lltl.lA 15.llltl.1' 15.1111.lA IS.IMl.25 IS.11111.21 
IL-. __ 

-
.:-;-a..=.=..=s-1-=...;.::.;�--1..;.:...:..;.:c==.+-------

\ Tl \ \5.l,l1_l:�!UIHl.ll \�\llll.ll \s..2011.ll IS.1911.20 l!\.11111.21 ls..2111.2.l 15.16±1.25 15.19tl.lA 15.lltl.21

I'-" wt h • w ef 10 ,e11-, hw•• 1 Sea..,.. d"''-"°"· 

,-,. ···' .•.• ,.. . .., ,lpil'IB•tt, ·'"'"""'er� o.o�

... 
0 
0 
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1iaNt � 

r,fft<1 of mrthanollt ,,,tratt af Cnrsth /rm,,:/11cn, q11trcc1ln and \'It, f� on hntmol!lobln l!l)c:o,ylntlon In 
di!l"c-t\t t'Jhtnh.. 

\-1m._ r, Ceo\,.I \ 
,,.� ".!l""' \

14 \)Ml�'IO 

C\ 

' 
-..- _:: _ -

\ \lA!Kl.� 
� 

IIAr.,,oc, Ohl'i CO�Cl.:'-TRA TIO'! (11dl) 

Q11trttt1n (i�!m1 L J __ c: .. ,..,,. , .. �,t11!01t•r m11 _ I VII. F,(IICf ml
. --- -

\0 llD � 10 
' . � •

\.U()•II.� \Uli\.111 l4.6�tl.U IJ.10i.1.IM 

10 .)() 110 110 I JO 

IJ.9111.llll 14.70.1.1,1-4 ll.7!1i.1.IM IJJl5:t1.06 I 14Jl011.l.<

l�IDtl.1-4 IJ.9011.14!-4.Jli 1.15 15.0 ltl ,llllJJ.901_1.IO 14.l5:tl,14J I !t,IJ! I.Z I 

,i \ \).C)!O.'IO 

1).�111,.:!' \ \4.lD! \.14

\4:®11.111 t , ••• �tl�\O l!Jl1I.JI -14.1011.14 L,�.O<l_t1.10L1�20U.JI 114.00ll.l4 I l!t.01:tl.ZI I t!t.JOi.l.Z4

1:.-n, ,.i. h • mn .r 10 •lffl'ffBI "tlautlan, :1 ,1andanl dt\lall1111. 

!i>\ru. ·-• •" -alrnl!'loftO, IIIITttffll l P j!: I.II!) 

... 

0 
... 
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CIIAPTER FOUR 

DISCUSSION 

JI • rolems arc subject to an extensive and comple� series of co-tronsl:11ioaal

11-1 P05t·trunslotionol rcaction.'l 1ha1 include silc-spc:cilic cleavuge, covnlen1

�iii cation, and compartmcnlaliT...ol ion to particular inlmccllulnr or c.,1rocclluli\r

kiratiom (S b . a atm1 ,:t al 1982). for cxrunplc the cnzyn1c cntnlyzed glycosylalion

or Pror • . eins ,vhach plnys a vital role in intr:iceUular trun.'lport. processing nnd

I')(\,_ "d I I ,.,..p11 e back-bone folding (Firestone. 1983). In addition. pro1cin n10 ccu es

�-
IO ccncr.11 bwd non-cnzynlutacall)' "·ith �lucosc: or other suito.rs 10 fonn

lltilaaJly Unstable nldiminc ond kctominc udducls of the ongilllll proh:in (�laillnrd

r�tion) and then Inter. nion: stnble structure-. called ndvnnced gl)·cu11.·,l end·

�!Jtt,s (AGu) (Bro,vnlt.-e et al • 1988). I he degree: IO \Yhich this h.lppc:ns is

IJto...,_. . ...,. �urroundws medium of 1hc
�uon:il to the concentration of the suglll' Ill 1, ... 

�otti sure of ahc protein,; in ahb

n "->lecult\ ond 10 the duration of the c,ro 

�iuancn unn cl al. 1978),
ll'llll�portc� on their

u., . . niJcnl 1.1Jucose
'\qi blood cell, h!lvc in(uhn 1ndcpc 

r. ·r

f fuct1s.: thcre,ort", • 

"-f� . • ' tor the urtoJ-� II lt , 
find therefore do not n.--qu1re ansuhn 
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glucose levels in the blood plasma arc high, then the glucose levels inside the red

blood cells wi ll also be high. J n  this slnte. cytoplasmic protein� such as albumin.

haemoglobin, cn lmodulin nnd ribonuclensc bccon,c glycntcd, nnd they no longer 

perfonn the same function they were originally �lnted to cnrry out (Garlick and 

�ta,_cr, 1983: Watkins el ul, 1985). ln fact most protein which ore enzymes for

txamplc Na' • K• ATPosc. c0
1

• .ATPosc. ond Colmodulio ore uonblc to perform

their catnlytic role ,vhcn they become glycntcd (Gon.l1llez-Oecha.. 1993, Swammy-
• 

1 •• ulycntion takes place ntllln!th1n1� 2001 ). It has been sho,vo that non-cnzym.., ic o 

L .  • • e--;iduc.� ;is ,veil n.� 01 a-amino111: E-:unmo groups of lysine or hyclro'.\-ylysinc r 

_ • onJ Doyncs. I Q82). In the&roups of amino tcnninol residues proteins (I horpc
. h. &h cytoplasmic gluco,;c

Cbc of the transpon protein, hacmog lobm 8 1 

· �ups
I ·catcd .,1 any of the a nnuoo

COnc-tn1r:11ion c.1uS<.-s the protein to become g > 

:iin £- ;imino groups of
r . 

. as \\CII as cert, 
0 aintniJ terminal residues of the P· chaltlS · 

. (llbA . ) (Dunn �, nl'
1,_, 

� hacrnoglob1n 
'111llC �iducs. 'Ihus, producing O gl> catc 

. nd i.! being u.-;cd
led nro1c1n n 

I I of a gl)cn , .  
9791 Hb,\1c is the hesl kno,,n cxntnP c 

cttding 2-3 mon1hs 
. d. bet e<; in the pre 

kl lllonitor o,crall glycncn1ic control in tll 

c lifc�an of the lll>A
J natural n\.'<'rDS 

�'taUSc lhis time period correspond" 10 t ,c 

� ,· ,,1 "I, 1'>95),1
ttulc: in red blt>od cells (Goldslctn 

ni..itJizc in the 
� n1aY auto

rt1.-d ,tu• gluCO 

. dieal,In ndllilion. it hns been rep<> 
,,cncrotina ln:c rn 

r 1ons n 
� . n or corrc 
t1cnce of cnt11lytic omounts of iro 
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(Tbomallcy rt al. 1984 ). An excess of oxidative stress can occur lhrough an 

� in the generation of these radicals and their mc1aboli1es and thus 

ovmvhclming the protective capacity of the norm.11 defence mechanism of the 

body and/or through a decrease in the protective ability of the body to \\itbstand 

110rn1al oxidative stress, Free radicals may also delay proliferation. modif}

U-,bility of membrane  con1poncnts and n1cmbranc integrity. influence platelet -

"-' · d et ion in :i variety of cellIIUl\'00 gro�1h fhctors and other secrctory protein pro u 

'Y!lmis (Curcio et al, 1995). In this condition of suppressed antioxidant lc,el. it

( I s vitamin E. C, cnrotcncs,5'ttns likely that antioxidant supplements SUC 1 0 

M. f "-•c rodieulc; (Davic tl al,n_ . 
1· the cuccts o "" 11•\'0noid etc.) ,vould nonnally ncutro tz.c 

uJ \Vll5 designed to assess the1992) It L,; in this regard, that the present 51 > 

. • tructs of ('11,•itl.� /,:m1g1ntat.Lib· • . ' n�thunobc ex "lllt llory cfTcct of lbvonoid-contaming 
• . of hacmo11lob1n

( 6 7) on the process 
t.fatrnats nnd Methods Section 2.8 page 

I. m;cc1 as u contro .
liycu .d und antioxidanl \\US 

S)lation QU\."t'CClin, U Oa,onOI 
. • rt !lflhC hum;1n

, ... \\ h1i:h 11n: l'-1 
A•i- . · � tc-.J und ,,pp e IU!',h IIULTl.'ctin j,. linnul tn oniore • 

.• ., .11 prupt.-rtics
. . r caro.1no.,

� 
mu111gcrll� u d... . 

.I Ill IUJ\C--. II \\1Js sh(1\\l1 in one stuu)
( I Q6R) c111cn-clin \\'Wi

(P.- . r ·r ,tud) b) flfllllll I 

· '"llllU:ou cl ul. I 9RO) In un '-·ur It 
lrntliclul) 

,\11 thc�· c,111 

J sal'\:orna
lb,._ • f 11Jll'l11antl.' 

11 11d --. .... lCU lo ufToct the gro\1•1h O 1 
1 fur u rich, L'lit 'c I.I 

. o a seuJt: I 

,..,.,__ 
. .1 ut1cn111111 1 

k1h1n """'� lll1ll-.. ii imn.,rativc tn Jin."\: 
·11tiihil h,icruug ,·- • 

IJ ul..i• i 

'- I hat cou 
lfl.tt,�IC !\Ollrcc of uni ioxilf1111t"
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Thi_,. stud) lhat \\ ., ... Jcsign1.xl 111 <let . . l.Tllllnc the cnccl of 1nclhanolic c,tnu.:ls 
oC Cnru,, ferrug111.·,1 un I� . proccs, ot tu11.:n1uglubin glycosylution As u

&RlimUW) lo the mai l tl • b -n s 11 Y, u sullu le pcnotl of incubation 1hr non-limitinu 

COOt.:11tm11on f I 0 S ucosc (S20mg/ml) ,-..,s lirsl Jch:m1inl.-tl 1L, intlk·11tctl in

�I 1lll: n.�ults pn.-scntetl in Tublc 2 sho,,ctl that the dcgn.-c or 

L z:u,globm gl� 1.·os� lation in1.-n."U..-...-s "ilh the pcrioJ or incubation (24-72hr) 111 u 

�n dc.-p:ndcn1 m:mDL'T up to :!Omg/ml \\hL-rc gl)co,ylulion uppt:ufl.-c.l to

_,."111ictl. This finding is in ugrc1.-mcnt ,vith curlicr report, that lhl.· u111ount or

P-:,.u.,_,b1io inai:-J,,CS linevl) UJl ll> the t--onc"ntr,1ti1111 or 2g/l00n1I of gluco-c

'\login_ 1 aJ, I nnn) .....___ firicl" • ,,u,-:mcnl with earlier tc()Ort� tli.1t thc
.,..,,.,, , ,.,,,e I ang., au:: 1n -o-�� 

fl{h \1c fonn..-J JcpcnJs on the coll'-."'-"f'IU-Jtiun of ,uw..1 fl'=Tio<l or c:-.po�urc

--:.,.,1 r inculu(ion ••·quir•'tl ftlr

thc:rcfurc, dctcrmincJ the , .... -- 0 

,.,._ fthc 11.i,u11111tl, -1.111111ini11s

"'°tl�JLlbin lo b. wtuml.:d "11h gluu1!.C the c110Cl" 

I J In 1111,. tuJ)
1 •• • 11 ,\ .. � in,._-.;i 191k 

r 

fC-n.f« n twcrnoglub1n uJ>a' } -""'110 

tenon fin lncn ,ls.: 111

Ilk. I 

r 

I 

u J a .. n 
mo"lobin lc-.-cl "

a • f24 18 ,.uiJ 7' hi
ioJ ofiJJi;Uh:JIIOII II • 

" n ul ._ .iry int, pa I 17 lit.: s 111\\ 

( I O 30 11� 111I) l.-11 il I

Ill II rid Ill If

,1, ,,n 11,;,l "'' , .. , ....

1111111111 111 ,u I
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CII\P1rn1otn 

DIS( I SSIO� 

Proteins nrc subJect to an extensive ,111d complex series of co--uansl1111onal 

� po,t-unnslnuonal r c:ict1ons th,11 1ncludc s1h.'-Spcc 11ic cleavage, covalent 

lllodilicat1on and comp.1111ncntah.t.at1on 10 pnr1 1culur 1n1rucellular or c 1111cellulnr

locations (Sabaun, ,., al. 1982) For cxnrnplc the enzyme c.1talyzed glycoS) lauon

P,otctr� \\·h1ch plays O vital role 111 1n1r11ccllul11r transport prot't'utng nnd

J)CJ!ltdc b:ick-bonc loldang (T·arcstonc, 1983) In ndd11 1on, protc:111 molecules

Cin 1n I I sc or other sugars 10 tbm1
ge11crnl band non-cnr.yma1 1c11lly "II I S uco. 

lll> unsrablc ald1m1nc und kc1am1nc odducl!i of th.: ongan.il protean (1'-laallanl

� on) stnblc .•1ruc1urcs �ailed nJvanc�-d sl>carcd cnd-
1.nd then ln1e1, more � 

"'°'�ls I dcorcc 10 \\h1ch 1 h1� happen, as. ( \Gfl_sJ (8ro\\11lcc ,., al. 1981!) r ,c .,. 

rhc )t1rround1n1-: n11:d1um of the
f.Qniorut to the conccn1ro11on of the sus11' 1 1 1 � 

. of the pro1c1n� an thas

molecule ond to the durnuon of thc c,po,urc

CUunn er"' 1978) 

trlllltpnl1Cf:'i 011 lhC:11

J • cndcnt glucose
Red blooJ cells have 1nsuhn 111 cp 

I f 
k of Hlurosc. there ore • 

I uhn for the up111 o 
ind therefore do not require II 

fc,·cll 111�11Je the red

I then the gluc:o�e
1 eh, 1n the blood pln,nin nrc 1118 1' 
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blood cells ,v,11 also be high In this stote, cytoplasmic proteins such as albumin.hicmoglob1n, calmoduhn and ribonuclcase become glycatcd, and they no longerptrforn1 the �ame function Lhey ,verc orig1nnlly slated to carry out (Gilfhck and�lazcr, 1983. Watkins et al, I 985) In fact n1ost protein \Vhich arc ell.lyn1es for
example Na - K 1\ !'Pose, Co2 -ATPase and Cnlmoduhn are unable 10 perform
tht,r cataly11c role ,vhcn they become glycated (Gon2.11lcz-flccha, 1993, S\vommy­
mruth1n11, 200 I) It has been sho,vn that non-enzymouc glycauon takes pince at

· d es os ,veil as at a-nnuno
the E-am1no groups of lysine or bydroxylys1ne resi u 

(·1·1 e and Bayne:.. 1982) In the 
Sloups of amino 1erm1nol residues proteins iorp 

I b n O high cytoplns1n1c gluco�e � of the transpon protein, haen,og o 1 , ' 

d ot any of the a amino groups C1ln�n1rilt1on causes the protein 10 beconu,! glycntc 

· " 11no group� ofII cert,un ..,. on of anuno lemunal residues of the 13- chains ns ,vc os 

I ,oulob1n (l lb,\ i,) (Bunn ,:t al.IYJ niycatcd 1aen o 
1nc: residues Thus producing O � 

b used d protein and •� c1ng 19 
l of a glyc.itc 79) lib;\10 is the best kno,vn exomp c � 

d nu ?.1 1nonth� h rccec 1 .,, - • 
·n diobCIC!> 1n l C p IQ ITIOnuor O\'crall glycacm1c control I 

Ii 30 of che tlbA bet . ds to the na1ura �5C this time period corre!>pon -
Illa! 

•1 ul I 995)'1:ulc 10 red blood cells (Gold5tc,n c: " 

I o,·cra8c h esp 

auto o,1d11c in the
ulucose n1uy

Orted chat o 

d �h 
In .idl11t1on, II has been rep 

generating frl-C: ro ,c. 
coppc.!r ,on�llrtic11cc of catalytic on1ounts of iron or

I occur through an
·dot jve sires) C4-'rn 

of oxt "llOrnauey et al., 1984) An excess 
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increase 10 the generauon of these radicals and their metabolites and thuso,crv.hclnung the protective capacity of the norn1nl defence n1echan1sm of thebod} andlor through a decrease in the pro1cc11ve ab1l11y of 1he bod}' 10 \,·ithstandnormal ox1dat1ve stress Free radicals may also delay proliferation, mod ifymob1l11y of membrane con1ponen1s and membrane integrity annuence platelet -
dcn\'c:d gro\vth factors and other sccrctory protein production in a variety ol cell
S}stcm� (Curcio l'/ al I ()95) ln tlus condition of suppressed on11ox1dant le\'el, it
SCtms hkely that an1iox1do.nt supplements sue ns ( h vatnman E C carotenes, 
1 1  _ rn lS of free rad1cnls (Dnvae .:r al.,
avono1d etc.) \\'ould normally neutrnhze Ll1e e cc 

dv \\'OS desa1:1ned 10 nl>sess the 
1992) It 1s in this regard 1h01 the presenl SIU , 

1 · extracts of C'n,'.\f/\ f.:rrug,llt:<J lllhibator)' effect of flovono1d-con1a1ning niethano ic 
(\fatcnals and ,\lethods Secuon 2 8 pogc h� proc·�s Of h,1emoglob111 67) on t " �--

&l)cos)'la11on d nd an11ox1dont ,vns Que;:rcetin a flavonoi 0 
used ns a control 

' 
- �ofthchu�

tea ond opplt:� ,vh1ch arc p ..\lihoo�Ji 11uercetin is found in onions
dttt n ,vas �ho\\n 1n one study 10 have: or carcanogen propc:rt1c.s rnu111gen1c

fl'lrnukou t'f ul. 1980) In on earlier study ( 1968), qucrcctin ,vns b>' Dohm 

\II 1Jicse con1radictof} r 
s ,lanted s.3rcon111tJlcirtcd to affect the gro,vth of tran I 

eh edible and 
n search for o n ' Irr...... 

uttc:111100 10-,.,,,ll lllakcs it 1mpcrauve 10 direct
I bit hacn1oglotun

Id plso ,1111 l'icl) that cou ·lo,ic source of un11ox1d
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This study that ,vas designed to determine the effect of methonolic extracts 

of C11e\l/\ ferr111(111,u1 on the process of haemoglobin glycosyla11on As a

preliminary to the main study. a suitable period of 1ncuba11on for non-hmiung 

conccntrauon of glucose (S20mg/,nl) ,vns first determined as 1nd1cntcd in 

�perimcnt I The results presented in Table 2 sho,vcd that the degree of 

haemoglobin glycosylnuoo increases ,vith the period of 1ncuba11on (24-72hr) 1n 11

conccntra11on dependent manner up to 20mg/n1I ,vhcrc glycosyln11on appea.rcd to

be - 1 r rcpons that the an,ount of saturated l'his finding 1s 1n ngrecn,cnt ,v1t I ear ier 

gJ t 11011 of 2g/100ml of glucose>cosylation increases ltoenrly up to the concen ra 

• 1 ,vidt earlier reports that the(Assa,-,., et al, 1999) These findings ore 10 agn:c:,nen 

of and period of c,posun:a01oun1 of l�b1-\1. forn1ed depends on the conccntrauon 

to glucose (Bunn ,:/ c,/ 1976)

f . ncubouon required for
d the period o • I rav,ng therefore.:, determine 

• f I Oovono 1d$ -contilln1ng
a.. the eOect o t ,e '1o1Crnoglobin 10 be saturated ,v1th glucose,

lh d .:itcd In IS SIU �

I •l111100 \\(IS tn\'eSllg 
e.ar C\tracts of Cn f on huemoglobtn glycos) 

fl incrC4�C 1n
d llS o cnterion or 

l dee, 
. I vcl \\ ns u�c ease 10 lhc ha1:moglob1n c 

f 24 -18 and 72 hrs
. ds of incub.i11on o 

ta ..... _ • pcno -11ioslob1n glycosylnuon al varying
t Tnblc 'i sho,vs

tn . ns  ( I o-JO ,,glml) extn1c 
lhe pr�encc of v:1rv1ng concentrntto 

b ulycosyJouon at
-J 

)locmoglo 111 o 

'lit ccn1rouon on
C:fTccts of increasing glucose con 

n111ounts of extracts

a.. in the presence -,ing �nods of incub11tion ond 
of .,.irying 
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of Cn f The data obtained sho,vcd that the inhibitory effects of (�1111.,11.,ftrrugr11et1 and quercctin on human hae1noglob1n glycosylallon are concen1ra11on
and lime dependent 'fhc data also revealed fur1hcr that querceun and Co frnh1b11ed haemoglobin glycosylauon to about the same extent l\.to:<1mum
1nh1b11ory percentage of75% and 71% ,verc obtained for querceun and Cn fo1 o
COnccntrat1on of JOµg/ml (Tnblc 5) [( seeins likely from rhese results that the
Oavonouls 1n the n1cthanolic extracts of Cn f and querceun nre acung o..s
an 

. • . ess of glycosylauon This
llox1dants by interfering ,v1th the ox1dat1ve proc 

fi d 
Od 1 / ( J 990) thnt hnemoglob1n 

1" ing 1� 111 agrccn1cnt ,v1th the repor1s o f  cui c O ·• 

I b I c rats treated ,vith n11111, ii
g Ycosylatron ,vns s1gn1ficnntly reduced 1n din e 1 · 
0 

c.l in tlus �tud) IS crude, there is the l\ono1d I ro,vever, since the leaf extract use 
lilelihood that other coniponcnts 1n the ·trnct mn) interlc:re ,vnh thecrude ex 

I It therefore. becomes pcn1nentP04 · 
t flavonOlt cncy or othenvisc of the consutucn 

·on of the pure fornl.\ ofto 
hc inhibitory ocu JIUnfy, chillucterizc and re-evaluate t 

!lit \-anou<1 flavonoids in the le.if c:\tracis of Cn f

d e,tracl s of h. h qucrcct1n •111 · f nc11on by '' ic Although, the mechan1srn ° 
robnbly logical to C: 

1111 obscure, II is p n f •11h1b11 hncmoglol>1n glycosyJ11uon is :> 
n ihc tiydroxy I hnk bcl\\ cc  llCJ 

f l sen11-oc.ct11 1bc lhe1r actions 10 1he fom1auon ° '
1 thus iorm1ng nn

c n1olcct1 c <o,,) I uvtulnble glUC-ll5 gtoup.s of 1he compound and 11c 
h h uccun1ulntcs fh•�

1,:rr11gT1/t'(I \Y IC �co d CueJ/1' J' side adduc1 of qucrccun an 
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nouon 1s based on the fact that they have been detected 10 undergo such a re!llction
(Good\VJn and t\.1crccr, 1974) Consequently the potency of the antioxidants
fades olT as they arc being depleted from the reaction medium by conversion to
lhc aglycos1dc adduct 1n forn1 of monosicles b10s1des, dimonosides tnmonosides
or d1bro,Hlc ctc (Good\vin und tvlercer, 1974) This may account for the decrease
in hacmo8lob111 concentration and the apparent so1uro11on of the flo\'onoid by
glucose 

Lb  d dinu on the assay method, Since, it has been \veil documented ot epen ., 
,. • . 

Hbi\ 1� approximately 5 - 7¾u,c proportion of total hnemoglob1n that oxlSIS as 1' 

ldstein, 1995) cxpcrrmcnt� \\·ereIll non-diabettc adult i. {Bunn cl al. I 978, Go 

. m t of mcthonohc e"tmct of C nf ontarried out 1n this stud} to determine the e cc 

f phy51olog1cal concentration ofh.iernoglobin glyeosylatron i n  the presence 0 

7 8 qucrcc11n ,1nd extmcts of r nf&lueosc (f I mg/ml) .\s sho\vn on l'obles (6, • ), 

1 , (70 •) in the presence•••;b . I tion ins1gn1ficant � �"11 lied human hac1noglob1n glyco5y 8 

• I) E"en though, the long tcnnOf ph f I cose (SI 1ng1m }llological conccnlrntions o !!-u 
It could be •et clc.1r this rcsu ,fr . diabetics IS nOI � Cct of I lb,\1 component 1n non-

b ,ndividunls, the 
d b} non-din cuel • in e:;IC Crprctcd to mean th,1t 1f Cn 1 15 g 

Cl tonq pcnod 01
ror ... , . fl lb1\1, that ace ·• .. lion of the srnall proportion ° 

'�stould be 111l11bitc:d
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It 1s \\ell kno,vn that if untreated. diabetic p:11ien1s are prone 10

dnclop1ng several long tern, complicauons ,vhich could lead 10 increased 

morb1d11y and early mortali ty For example, they have an increased nsk of 

prcrna1urc atherosclerosis (Kannel cl c,I, 1979) ,vhich is panly due to an increased 

o�idrzab1l11y of their lo,v density ltpoprotein frac11on, reduced remodehng, and

•etclcrated ageing of the skin. localized 1scheam1a and fibrosis (Clork et nl.,

1991) Indeed, diabetic patients have an increased oxidauve s tress ,vhich 15

ac: • • 
t nd an increased ox1da11on of companied by ,1 decreased anuox1dan1 capoc1 Y a 

II 99I) Non-cnzymauc glycauon orcc ular components and hpoprotein (Baynes, 1

d 1 •cauon end products ( \GEs),proteins \Yhich leads to accumulation of odvancc g � 

f free radicnls con111bu11ng lo 1l11s
15 no,\ kno,vn to be one of the sources 0 

d • . also strongly linked to theincreased ox1da11ve stres� (Bro,vnlce, I 994) an 11 15 

pre • n.1cCnncc et al., I 99l) Jn this connccuon
SC:ncc of co1nplica11ons in diabetes v· 

co-adjuvant thcr,1py could
and oxid1111on processes by

h rogrc..--sion of thc!>e
!her I onset and/or t c p 

eforc prevent or at least delay 1 ,c 

. h. 01,set or
I Py trom t c

r. 110,v tlus I ,era 
<0ntpl nts arc  10 10 1Cilllon, .Since d1nbcuc pat1e 

d dll)' n,a,IJblc
I� d • . •c safe, ,ncxp ensive an rca 

iseasc the drug ,nu!>I be eflccuv • 
I tor drug<1 ,vtth

rrenl se.1rc , 
ll11 

. . 1cd 10,vatdS CU 
i h� st1n1ulated tbcu,; being d1rcc 

(I) 500 n l1avono1d
d .., 1., oatlon

'-ith f eh a ru� 
Propen,cs ,\n exnmple o su 

d (\(11nucl ,•t al, I 9<>9)

Pr 
• d I 0% he)pcri ,n . 

�lion cons1st1n� of90% diosnnn an 
f.idvanccd glycnuon

-
r 1orrn1111on 0 

All)JftA I 1nhiui1or 0 
'"'8Uanid1nc ,ws the first paten 
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md products (1\GEs) to be discovered (Bro\vnlec, 1986) bu1 11 \VUS also found 10la as an 1nh1b11or of nitric oxide syn1huse and this opened a ne\\ \\'l\'1.e 1n 1be
discovery of a novel inh1bnor of AG Es forn1n11on that doe, no1 1nhib11 nitric oxide
synihase known us 2,3 diu1n1nophennz111e (2. 3 OAP) (Souhs et al., 1999)

The n1anngen1cnt of d iabetes con1phcations 1s d1mcult for bolh health-care

provider, and pnucnts lvla1ntain1ng blood glucose le\'els near normnl, an
impona111 care goal requires the correct balanced food, exercise and n1cd1cations
Re • I Ii d , , c 1csk considerabl) Self

·cent advances in n1on1tonng have s1n1p I IC ul 

\fonnoring of Blood Glucose (SMBG) requ ires pati ents to perfonn s�mG

frrquently and adJust insulin dosage or meal plan� 115 needed to keep blood

of 
1 , ·Is (Sini:er t'/ al., "ucosc level� ,ts clo�c as possible to tnrgtl e\ c - 1989) The fi1tt

Ula • blood test t,1ken ot ony umc of the1 8lycated haemoglobin in\'olves a simple

, •r an e,tcndctl pcnod of da 
I d glucose O\ c Y Wllhout re.Yard to lood intake or b 00 

. . I t the use of drug.� thatb 
• 1nd1co11vc t Ill rne CNathnn et al., 1984 Goldstc:111, 1986) i s  

d I ded and encourage easier an 'l'OufJ · 
I uld be opp au act directly on l lb1\1c (eves ,vo 

'1lllPler monuonng l11c1apy in diabetes

tudy that nu:thanohe
11cd in rhe present s 

lllcrcforc h11,•1ng dcmonstn 
ns further nude ' 

nn :.1t1COlpt \\ tu 1yeo�yln11on,'atts ofCn f 1nh1bttcd hncn1oglobin 8 
1. \1.'llS determined on 

d 115 et cct · lod In this regnr ' ttern1111c 115 mech11nisn1 ofnctlon
f Jrnbctic p:iuents

J $31l1PICS tl gitca, .... ha I 1.,· present in btoo "" crnog o an I lbA1c
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Hun1oglob1n ,vas partially purified from blood samples collected from 2 groups 

of d1abc11c pat rent� (untreated and controlled) allending the f\ledrcal Outpatient 

Dcpanment of Univc:1 suy College Hosp11nl lbndan The haemoglobin solution 

was incubated separately ,v1th varying concentrations ( I 0-JOµg or quercetin, 

\'uam1n E or extrnct of Cn f at different 1ncubn11on periods (24-72hrs) Tables 9 
llld 10 sho,, the effect of quercetln Cn f and Vit E on glyca1ed haemoglobin rn 

sample� from controllcu and untreated diabetic pauents The result obtained
,L. 

• •d th s study hnvc ws1gn11ican1"IO\\c:d that qucrcct1n and the extracts of Cn f use in 1· · 

• 1 It appears here that the tOcct on the hydrolysis of HbA1• to yield Hb ,,nd 8 ucosc

Bl}·catcd haemoglobin could be decomposed 10 give free haemoglobin Thi�

f glycation is oxidation and IIiodeed 1s understandable because the process 0 

lll\ohcs forn111tion of covalent bonds

red 10 I lbt\ in o,ygcn
b \ ) ,..,hen compn Glycnted ho.cn1oglob,n (H 1 " 

DAG) 
. d. hosphoglyccrn1e (2

•fli d d. . ns of .2,3- IP inn>· 1s less rc\ponsi\'e to tht: a iuo 
11 ? 3-0PC,I red cc: s, -

18 "thin the man1n1a 111n 

1111" •'t u/ 1976) Tl11s ,., because, ,v, 
) ih•n 10 o,y ' 

(T state " 
h;u:n1oglob1n 

. �"" 
1 t deo,y,.n,on binds n1ore :.trong Y 0 

II bndL•es \\11thform so ., 
-.I uroups �-- • 1 , ch3J'81;U e,,-""'Qllogloban (R stole) Its nc:g.1tavc � 

. . their nmino 
lob1n via 

• f the hnemog 
� . A _ ctuuns 0 lll\cl>· charged groups ,n both I-' 

1., tins site be:
) 'ihOII u 

d lhS lh1 
l:rrr,,,,., . I N Lys ... �m,no oc,ds (Vo n,, EF• on 

K I "rttn ,., "''
·I ( I mu 

�loct: (13 nn t!I al.td by a hc,osc, :in acctyl u 197S) or o corbam)
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1973) groups, the reactivity of haemoglobin ,vilh 2,3-DPG ,viii be markedly 

reduced leading to the degenerative complications associated ,v11h diabetes as 

111,11 as the supply of oxygen to pcnphcral tissues 
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COSCLL'SIO� 

The present �tudy revealed !hat 

I �lerhanohc extra t f (' · c s O llt:.\lt.'i f,:rrug1111:n 1s nch ,n navonoids

2 The dcgr t cc o hncn,oglob1n increases linear ly ,v,th the period of 

a concentration dependent n1anner up 10 20mg glucose/ml1ncuba11on in  . 

"�here 11 appeared to be saturated 

1 The 1nhib11ory activity of querceun and l'vlethanolic extracts of C11i:.,11.,

fi:rrug1111!e1 011 hurnan haemoglobin glycosylnuon 1s both concentr,111011 and

time dependent Querceun ,tnd extracts of ( 011!'.)//.1 jl'rr11g111�a 1nh1b11cd

haemoglobin to ubout the sa1ne extent

4 Qucrcctin and c:-.trnct s of c·,,�1ts/i.:rnig,n.:t1 inlub1ted hun1nn hnc:moglob1n

glycosylation 10 the presence of physiological concentration of glucose in

a conccn1ra1ion dependent n111nncc

5 
d ,,·1 fi h:id no �,g.n1licnnt

Qucrcctin nnd extracts of C"11!'1/I.\ J.:rr11K111"" 1111 1 

6 

effect on 81ycated haemoglobin 

ul) cosylauon of hoen1og lob111

f:.xtratts of Cn f like quercc:tin inhibits " 

f 1ucosc: ,,11th the N-tcr1111nnl

J)Oss,bly b) preventing the condcnsa11on o g 

. use tcmunal nnuno
This 013)' c:a 

lltn1 no groups of f3-c:halns of I lb,\
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groups of l·fbA, f3 -chains to form salt bridges ,v11h 2, 3-DPG ,vithin the
peripheral tissues so that HbA can proceed ,v11h its normal oxygen
transpon function 
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