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ABSTRACT (/“

T, = S
Protein glycosylation by a sugar adduction, an oxidatrve process is exemLf!: X }Jy\ 1\.%%#
the glycosylation of haemoglobin A. The objective of this study, therefore, is (0 assess the

influence of the leafl’ extracts of Cnestis ferrugineo on human hacmoglobin glycosylation.
The methanolic extracts of the leaf of Cnestis ferruginea were prepared and tested {or the
prescnce of flavonoids and the total phenolic content obtained was 0.0175mp/m! Cateclun
Itaemoplobin was partially punficd from the envthrocytes of nonmal ard digbetic
individuals according 1o the method of Aspa:y ef al. (1999). An assessment of the elfect
ol glucose on the ume-dependent glycosylaion of haemogltiin shows that the depree of
human haemoglobin plycosylation increased with tho penod of wcubaton wn a
concentraion-dependent manner up 10 20mg plucose/mi. A sludy of the effect of vorying
concentrations (10-30ug/ml) of the flavonoid-contmning methanolic exiracts of Cnesils
Jerruginea (Cn.f) and quercelin (Q), o known antioxidant, reduced the exienl of
hacmoplobin plycosylation at ali the concentrations usced irrespective of the incubation
penod. Glycosylalon 1a the presence of 20mp glucose/ml was about 72% and vasying
concentrations (10, 20, 30ug/ml) of Cn [ reduced the glycosylation to 41, 31, md 29%
respeclively, Sivular effocts were obtaned for quercetin. The obsenved inlubition on
plvcosylation was concentravon and ume dependent Resulls obtained from the
investigaitions carned out on the possible clYect of the eatracis of Cn [ on haemoglobin
glycosylation in the presence of physiolopical concentrations of glucose (< 1 mg/ml)
indicated that there was no signilicant glycosylaiion (P 2 (1.05) at the vaned concentiation

of plucose up o Img/ml. 1% nhibrion of gycosylation was observed after 24hr in the
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presence of 10nug/mi extract of Cn [ The extent of inhihhlon incremsed Irom 5.5 10 ™%

aller 48 and 72hr respocuvely tsing 20 and 301g/ml meldanelic extracts of Cn.l and
quercetin, the inhibition was {otal even after prolonged hours of incubation Swustical
analysis of theso resulis showwd thot these wos no sigmilicant difTerence (P 2 0.05) in the

mhibitory eflects of mcthanolic extracts of Cnl ad quercein oa hasmoglobin

glvocoswvlajion at the concentrations ol glucose used in this study

On 1he contrasy, quercetin and -tlocophesol, a nalunally occuming enuoxidant,

which has been widely used as dietary supplement, and extracts of Cn £ did not show any

signtlicant effect (<1-49%) on glycosylaied haemoglobin  (I1Ib Ay) in diabetic subjects
Although, the mechanism of inhibition of haemoglobin glycosylation s not yet clear, it
seans {ikely thal quercelin and leaf exiracts of Cn f being very nch in Navonoids could be
sonverilad into glycoside ndducts for there to be o reduction in haemoglobin glycosylation
In view of the [act that methanolic exiracis of Cn.[ inhibited haemoglobin glycosylation,
leaves of Cnesuis ferruginen may be used as food supplement tn order to prevent or inhibit
hacrooglobin glycosylation in dinbelics

In conclusion, lcal extmcts of Cnesris ferrugmeoo intubised hoemoglobin
glycosylation posibly by preventing the condensation of glucose with the N- terminol

amuno groups of > chains of HbA

IBADAN UNIVERSITY LIBRARY?

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



v
ACKNOVWLEDGEMENT

| wish 1o express my most sincere gratiiude to my Supervisor, and Head of Department of

Biochemislty, Professor Olufunso O, Olorunsogo for his guidanice and support thioughout

the persod of this work. [ thank him for his consliucive crilicism. supgestions and

encouragemen! a1 each stape of the work and for cyeaung lime out of his ught schedule 10
read through the manuscnipi.
Many thanks 0 Dr. 1. M. Oke of the Department ol Phaimaceulical

Chemisity, University of Ibadon for his suppoitl, encouragement and tioughtfulness in
providing some relevani scientific acticles used 1n this work  He also introduced me 1o
Mr, Fajinmi of Depariment of Chemical Pathology, Unsyersity College Hospital who pavo
me the opportunily lo use some equipment in Depasiment of Chemical Pathologd

1 appreciate the assistance and suppoit of Mr. $.0. Olomu of the Depariment of
Hacmnatology, Unmiversity College Hospilal, Ibadan for the collection of human blood
samples (rom the commercial donors of University College Hospiial accessibility into his
laboratory and for always being ready to impart some of hs considerable knowledge and
expenence when needed mosi. | wish 1o recogsuze the sontnbutions and assistance of Sis
Adunni, Mr. Onwie, Victona, Mr. Onyezere, Mrs. Lara Olonmu, Mrs. Fadinie and other
members of stoif of [laematology Dcpartmant. The concern and cnsouragement of Mr
Adepoyu. Miss Bukky Komolafe, and Mr. Ojikutu cannot also be forgolten  You all mado
my stay al University College lHospital, a wonderful one.

I wish to acknowledge my semior collcagues and teachers in the Department of

Biochenustty, University of Ibadan, Professois GO, Emerole, M A. Fafunso, EN

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



Maduagwu, Drs. A.A. Odelola, and E O. Farombi for their contnbulion 10 my wealth of

knowledge. ! am equally graleful lo my big sister Dr. (Mss) O. A. Odunola, for her

immense contnbutions, sislerly advice and encouragement. May God bless you and your
family, 1 also oppreciate my [riends and colleagucs O.A. Adesanoye, O.A. Salam,
Messts M A, Gbadegesin, O.A. Ogunbayo, O.A Adaramoye and O.0. Ojo for therr
concen, advice, and moral supporl. Many thanks also poes to the non-academic members

of stalY of the Depanment of Biochemislry for contnbuung in one way or the other dunng

the penod this expenmenl was being canied out

! am indcbled (0 my parenis, Mr. & Mrs. MLA. Towoba for banging me into the

world, giving me the basic educational and moral development w life [ thank them for

their encouragemenl and support and care throughout my life. | am grateful 10 my

brothas Sunkami and Tunde and sistcis, Gbem:, Yelunde for their undersianding and
rcadiness 10 assist with domesuc chores ai home. And to Mr. & Mis. G Adisa and their

chitdren, | say “big thank you" for their support and care

I wish to express my sincere gratitude 1o my darling husband, (K.8) and children,
Manam and Rashcedal, for thesr understanding, endurmnce and tolerance during my

numerous tnps to Ibadan. 1love vou all

Finally, ! am grateful 1o Mr. Mike Segilola (or creating Lime to type the manuscripl

and 0o Mr Olabisi Ojo for relamsing his Computer Syslem for the typing of the

manuscrpl

[ taank cverybody that has conitnbuted in no small way (o lhe successful

conmpletion of this progranune God blesy you all

Adisr, Rahniat Adetula,

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



DEDICATION

‘This work 'Erda-icaléd_lqﬂly*dwtcrs
rl ~ Mariamsnd Rasheedat ADISA.
I

Lo
I

RICAN DIGITAL HEALTH REPOSITORY PROJECT



v

CERTIFICATION

[ centify that tius work was carrted out by Rahmat Adetutu ADISA at the

Departmenl of Biochemistry, University of lbadan. Nigena

Professor Og O!onmsogﬁﬁ:h.f)

SUPERVISOR. 1].(e:9>

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



- v

LIST OF FIGLRES

|

: Diagrammatic representation of glycosyiation process
I’roposed catalytic inechanism of glutathtone peroxidase

“The structure of some classes of flavonoid and related
compounds

Standard curve for Catechin

Tliin layer chromatogram of methanolic extracts of the leaf
of Cuesty ferrnginca (Ca f)

Time dependent glycosytation of human haemogiobin
at varying glucose concentrations

Comparative effects of quercetin and methanolic extractsof
Cn [ on human haemoglobin glycosylation

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT

Pages
11

30



Table 1.

Table 2:

Table3

Table 4

Table S

Table 6

Table 7

Table &

Table 9

Table 10

X

LLIST @I TABLES

The carbohydrates involved in the modification of
charge-scparaied haenwglobins with their approximaie
abundancc in non dtabetic individuals

Determination of percentage yield of methanolic extructs
of Cnesiis ferruginea

Estimation of total phenolic compounds in methanolic
extracts ol Crestis ferruginea

Time dependent glycosylation of human hacmog!obin

Companative effecls ol metianolic extracis of

Chnesiis ferruginca and qucrceun on husman hacmoglobin
glycosylation al varying penods of incubalion

EfTect of 10pg/mli methanolic extracts of Cnestis ferruginea
and 10pug/ml quercetin on haezmoglobin giycosylation in
the presence of physiological plucose concentration ( € {mg/ml)

ElTect of 20pg/mi methanolic extract of Cn. [ and
20pg/ml querceun on haemoglobin plycosylalion in
the presence ol physiological concentravon of glucose
(< Img/ml)

Efieci of 30pg/ml methanolic exuact of Cn.fand 30ug/mi Q on
haamoglobin glycosylauon in the presence ol physiological
concentration of glueose (< | mg/mll)

Pages

12

75

75

8]

88

93

94

95

Effoct o methanolic extract of Cn.l, Q and Vi, E on haemopglobin

glysosyfalion in controlled diabetic pavents,

Elfect of methonolic extract of Cn f, Q and Vii. E on haemoglobin

glycosylanon in dinbetic patents

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT

190

101



TABLE OF CONTENTS
Pages
RSTIRALT . il aniss o . . s 1
ACKNOWLEDGEMENTS ... .. . . 3
PEDICATION .. . ACA MR T e | Ve
CERTIFICATION il
I.IST OF FIGURES . vin
LIST OF TABLES EX
TABLE OF CONTENTS . X
CHAPTER ONE: INTRODUCTION 1
1.1 Ilistorical background of the discovery of haemoglobin - !
12  Structure of hacmoglobin 4
t3  Glveosylation of proicins 6
14 Hacmoplobin giycosyiation .
1S Efllect of piycosylation on haemoglobin function 13
16 Biochemical and climal implication of proten giyeasylatton in
diabeics mellitus 14

| 7 [Freeadicals I8
1.8 Free radical and pathological condilions \ 19
19 Palhological ciTects of lree radicals in Diabctes Mellitus , .. 20
110  Antioxidantsin Riotogical system 2

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



X1

|11 Enzynuc Antoxidants ..................

1.11 1 Superoxide dismulase ..

0"0d H pmme e *cmded P09 92 cao P Esnoe

B e LR O o e (v e oos bhiibe i pod o5 e apsa b wes
.11 3 Glutathione peroxidase
1.12  Melal binding proteins ...
1.i3  Non.-Ennmic Anthoxidants
1.13.1 Ascorbic acsd
1.132 Uncacd ............
i 14 Polyphenolic compounds
j.14.1 Flavonoids ... ...... :
115 Biological properties of flavonoids
|.16 Pharmacological effects of Qavonoids
117 Modo of action of lavonoids
1.18  Cnesis ferruginea
1.19 Chemical constituents o { Cnestis ferruginea
120 Quercetn
1.21 Ellect of quercetin on hyperglycemin

122 Objective of the study

CHIAPTER _TWO: MATERIALS AND METIHODS

21  Collection of blood samples
22  Preparation of hasmaogloben

23  Esumation of hacmoglobin concentration

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT

24

24

27

35
37
33
38
42
43

44

47
48
50

51

54
3
54

56



hy])

24 Preparation of methanolic exiracts of Cnestis ferruginea - -

258 Test for the presence of flavonoids in methanolic extracts of
Cnesifs ferruginca

26  Quaniificalion of total phanolic compounds 1n methanolic
extracl of Cnestis ferruginea

2.7  Estimation of haemoglobin glycosylation

2.8  Assay ol the eflect of methanolic extract of Cnesiis ferruginea
on haesmoglobin glycosylation .

29  Dcicnnination of the cltect of mcthanolic extract of Crestis
ferruginca on hacmoglobin glycosylaiion in the presence of
physiological conceatration of glucose ( £ 1 mg/ml)

2.10 Assay of the cllect of Cnf, Q and Vil. L on

hacmoglobin glycosylalion in conttollexd and unireated
diabetic patienis

CHAPTER THREE: EXPERIMENTS AND RESULTS

Expenment 1

Expenment 1

Expenment 2

Expenmant 3:

Expenmont 4

Expenimenl §

Test lor the presence of lfavonoid in nxethanolic
Cximcis of Cncsiis ferruginen.

Estimation ol tolal phenolic compounds in methanolic
Extracis of Cnestis ferruginea

Asscssment of the lime-deprandenco of haemoglobin
g!ycosylation

[nfluence of quercenin and extracts of Cnesfis ferruyinen
on human haemoglobin glycosylation

Eflect of quercetin and extraats of Cnesis ferruginen
on human hacmoglobm glycosyiation In the presancc of
physiologieal concentration of glucose (simg)

A cornpanson of the ellfecty of Cnf, Q and Vit E on
haemoglobin glycosylation (I1bA},) 1n diabetic patients

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT

58

59

6l

65

68

70

73

13

13

17

83



.
CHAPTER FOUR: DISCUSSION AND CONCLUSION 102
I

| AR W | : - :
ll' ) \ € | Pl glys bl 'qlslb*.lollql'l-illc'jiic'l.‘ml OOOOO #O FOFe Fe0 a 0O s oy o0 b0 One m

& . ‘.. Il‘l .'_# — 'Hr

b 5 19
f‘.._ IFL'“J S aan lade Lo hewdrtoue ok onc aso 00 ssonsomeie odh cmi Mo nimewinil sdoad | l"'
a

K
|

F ﬂrENCES' Crame T T T e e ——— 1i3

——

-



CHAPTER ONE
INTRODUCTION

11 HISTORICAL BACKGROUND OF THE DISCOVERY OF
HAEMOGLOBIN

The term hacmoglobin (11b) came into being in the cighteenth century
when [{oppeseyler (1864) liryt used 1t in refening to the pigments of the blood (¢
is now a widely accepted term used to include the respiratory oxygen carrying
prolein of the vericbrales. Aboul a century lates, swdies showed that
haemoglobin and myoglobin have very similar structures and that it was probably
also true for the erythrocruorins (from larva of the fty Chirssrwrus qummi) and b
in the rootl nodules of leguminous plants Therclore, it was suggested that a
phylogenctic relationship could exist between these biomolecules and the
transport and storare of oxygen and that it also appcared that these molecules
evolved (rom a common precursor (Braunnzer o al, 1963) The first
investigation on the structure of ihe intact hacmoglobin molecule dated back to
the nincteenth centuiy.  There 1s no doubt that the advanced stale of our
knowledge today cvclved from those easlier findings Using mcasurements of
sedimentation, diffusion, clectrophoresis, results compiled from the work of
several independent studies revealed that hacmoglobin is a molecule of molecular

weight 68,000 dalions with four heme groups
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Rhinesmith ¢f al, (1958) and Ingram (1958) in their independent studies using
nypsin hydrolysis of hacmoglobin and amino acid sequence determination of the
peptides produced, found that haemoglobins arc composed of four polypeptide
chains two of which are identical. They suggested fusther that the two dissimilar
chains of human hacmoglobins should be designated a and B chains and this has
been exicnded to the hemoglobins of other species  In this regard, the
haemoglobin molecule is being chemically defined as «;[3;, each attached 1o the

heme prosthetic group (Braunitzer e7 al.. 1964)

1.2 +STRUCTURE OF LIAEMOGLOBIN

The haemoglobins arc essential to the iife of all veitebrates, they also
ocass in some investehiates and 1n the root nodules of leguminous plants. They
all carry the same prosthetic heme group. Iron (1) protopoiphyrin (1X), associated

with a potypeptide chain of beiween 136 and 153 residues. In all of them, the

feszous iron of the heme is linked to Ng of s histdine, the porphyrin is wedged

10to its pocket by a phenylalanine and non-polar residues occupy about 35 other
specific sites afong the polypeptide chain. The amino acid seduences of the
haemoglobin for the rest of the moleculc are variable, the number of ainino acid
dilfercnces beiween any two specics rising with their distance of separatton of the

evoluuonsry urec (Dayhotf, 1972)
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Specifically, the normal human adult hacmoglobin (HbA), the oxygen
carricr 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.c.two identical
a-chains of 141 amino acids cach and two identical 3-chains of 146 amino acids
cach. HbA is probably the most studied protcin and has scrved as a modecl or
paradigm for the structurc-function relationsh:p in mult meric, allostenic proteins
The oxygenation process of Hb is cooperative i.c. the binding of the {irst Or
molecule cnhances the binding of the second, third and fourth oxygen molecules
The oxygenation process is also rcgulated by interactions bctween individual
amino acid residues and various solutes &nown as hetcrotropic allosteric effectors
These cflectors include ions or molecules such as hydrogen ion, chlonde ion
(Pcruiz er al., 1994), inorganic phosphate, carbondioxide, and organic polyanions,
such as 2.3-bisphosphoglyccrate (2,3-BP(G) and inositol hexa phosphate (ITIP)
(Dickerson and Geis, 1983), 1t 1s noicworthy that not all the hacmoglobin in the
blood of normal adults is haemoglobin A. About 2 5% of the hacmoglobin is
hacmoglobin A3, in svhich [J-chains aro replaced by & chains (2 62). The & chains
also contain 146 amino acid residues, but ten (10) individual residucs differ from
those in thc B-chains (Ganong, 1993)  Another type of hacmoglobin is
haemoglubin F (EIbF) It is normally found in the blood of human foctus Its

struclurc is similar to that of hacmoglobin A except that the P chains are replaced

by ychains (i.c. HbF is ®3Y2) ‘The y chains also contain 146 amino acid

IBADAN UNIVERSITY LIBRARY:
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residucs but have 37 that differ from those in the B-chains. In cenain individuals,
it fails 1o disappcar and persists throughout life

Penutz and collcagucs (1970) carried oul a comparative study of the
detailed structural features of Hb A in deoxy (T) and oxy (R) or CO forms [t was

shown that dunng the transition from the deoxy to the oxy state, the &2 subunit

interface undergocs a sliding movement while the o) subunit interface remains
essentially unchanged. Specific hydrogen bonds, salt bridges and noncovalent
intsrachons charactenze both subunit interfaces. Human Hbs with mutations in
the aff; subunils inisface are known 10 have altered oxygen afTinity and
opaxagvity. Itis also known that the Hb molecule has a lower O; aftinity 1n the
deoxy qumernary structure (T sbucmire) than in the oxy quatermary stiucture (R-
structyre) (see Pesutz, 1970, Dickerson and Geis, 1983)
On ttus basis, foaus is now being directed towards designing novel recombinant
(r) Hbs that soculd scrve as a safe, relisble blood substitule since infections
through blood transfusions with the human immunodcficiency virus thal causcs
AIDS wese teporied i the rmid 1980s. Also, hacmoglobin-based oxygen carriers
are potontial sources of blood substitutes during esncrgency micdical situations
(Winslow, 1992) The designed recombinant | ibs are fequired (0 have,
O4) low aflinity because allosteric elfectors such as 2,3-B1Ci which lower
the oxygen aflinily of ifb williin the red blood ccll are shsent in the

extsacedlulas envitlonment asul
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(1)  high cooperativity for cfficient delivery of oxygen (Winslow. 1992).
Sequel 1o this, an expression sysicm was developed to produce authentic human
normal adult hacmoglobin (HbA) (Shen ¢f al., 1993) in goaod yield in fscherichia
coli (Shen et al, 1993, 1997), The expression systecm has been used to design and
express mutant Hbs with low oxygen affinity and high cooperativity (Kim ¢f al,,
1995; Tsai ef al., 1999). A unique feature of this class of rHbs is that their R
(ligated) quaternary stiucturc can be swilched {0 the T (unligated} structure
without changing the ligation state of Hb molecule, by lowering thc ambient
tempcrature and/or by adding an allosteic elTector such asinosiiol hexaphosphate
(G1P), iHb (ax VO6W) (Kim er al.. 1995) is the first low-oxygen affinity mutant
(Hb wath higb coopaativity developed. Several other rllbs with improved
propaties over rHb (a V96W), which is easily autoxidized, have been developed
(Tsai e1 af.. 1999, Frischknecht er al., 1999, Jeong ¢f al., 1999) And this factor

makes it jes3 demiable as an Hb-besed oxygen camer in a blood subsutute system
(Dickswoo and Guais, 1983} Moa recent is the construction of novel recombinant
hasmoglobua, ri ((IN108Q) with the smuno sad subsiitution located in the aifds
sbunit imofacce and in the central cavity of the b molecule 1lib (IN108Q)
exhibits low oxyyen affinity, bigh coopaauwity and dtability egainst sutoxidation,
therelore it 135 bang caomsidesod 8 potonlia) candidale e the Ib.bascd orygen

caine 19 a blood substitute sysican (Fa ¢7 /., 2000)
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1.3 GLYCOSYLATION OF PROTFEINS
Glycosylation reactions arc common and occur naturally in the body.
Normally, though, they take place in a controlled environment, rcgulated by
enzymes, the resulting molecules arc classically called glycoproteins compasing
of serum and cell membrane glycopioteins of approximate molccular weight
range 20-2000 kda (Hounsell, 1993). Glycosylation causcs a large diversity of
oligasrrhande sequence to become linked to protcins at the Ol group of zenne,
threooine, hydroxylysine or aspasagine residucs 1.€. O- or N- linked respectively
Glycopiotesas cover mucins which are saditionally defined as laiger molecular
waght glycoprowns of 10 kda and upwards having >650% oligosaccharides
mainly O- linked via GalNAC-containing oligosacchatide cores (Poole, 1986) and
pruicoglycans of glucomminoglycars  which  also  have a  high
carbobydisie/protesn ratio but dassically have disacchande repeating units with
an slisuxie uronic acid redue and a lasge degree of sulfauion {(King ¢f al, 1989)

The classical mucin and prolooglycan sequences were reported 10 ocouron

cd! membrane -~ aitsched protnns of relatively low molecular weight (Poole,
1986). They aiz in forms attached to the membrane by lipid-hinked anchory called
Giysosyl phosphatidyl inositol anchors (Thamas e/ g/, 1990, Ferson, 1991) and
oywplasmic glycoprotans having GIKNAC linked W scsine and thrvonine are
knuwa Wo (Torren and [1ars. 1984, [lolt and liase, 1986) Theveaftov, sdditinnal

: e - protan hnkages were found in proteoglycans (Poole, |986)
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and bacterial glycoproteins (Paul ¢ al., 1986, 1987). These glycoproteins on the
cell surface play an important role of cellular recognition (Hounsell 1993) Most
membranc-associaled and secreted glycoproteins are intercalaled inlo or
scquestered 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 chains (Sabatini er af., 1982). As these proteins transil
fiom the rough endoplasmic reticulum to final cellular locations, the
oligosaccharide side chains and in some cases the polypeptide backbonies can be
proccssed by an array of compartment specific reachons.  The oligosacchande
side cbains or structural elements within the side chains function as recognition
sitecs for specific cellular components that are responsible for the selective
transport of glycoproteins into various intracellular compartments as they transit
in vesicles from the rough cndoplasmic reticulum through intracellular
membranes on their way to the ceil surface and/or extracellular environment
(Firestone, 1983)  Moveover, scveral other studics have suggested that
carbohydrate moictics on glycopiolcins can play o role in polypeptde backbone

folding (PolonofT ¢ al, 1982, Chu ¢f al., 1978, Wang ¢f &f,. 1977) |lowever,
while glycosyiation of some proteins is essential for their compartmentalization
and pmcesing, it does nol appear (o be comelated with proper maturation of

others. It s noteworthy that protein glycosylation is particulatly important in
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‘maintenance of the integrity of plasma membranes and in facilitating the secretion

of proteins into the extracellular space.

1.4 HAEMOGLOBIN GLYCOSYLATION

liaemoglobin takes pant in some rcactions such as haemoglobin
glycosylation or glycasion. which is the nonenzymatic condensation of glucose
and hasnoglobin A ((1bA)  Glycated haemoglobins (GlIb) were first recognized

and called “fast hacmoglobins™ (A Aw and Ay) by Allen ¢ af., (1958) because

P T E———

they showed less posiive charge at neunal pH and migrated morc rapidly than

-

HbA when placed m an electne field (Kunkel ef al, 1955, Rahbar, 1968). They
zre foomed by a direl reacioo between reducing sugars and pnmary amino
gmps 1o the proiein. The resulting schiff base sdduct-aldimine is in equilibium
. et sugsr camxnvalon.  if this coocmirauon (alls, uncoupling witl ocaur and
the ammegquont level of aldimine wili fall. These are slso 15 equilibnum with the
loca! medium  Tiey dissociaic if the surrounding sugar level falls suflicicnily,
and the equaton moves back towards the lef) (Brownlec «f ¢/ . 1988) Cenain
loogo lived macroinolecules such as collsgen and DNA arc also glycoted, and
having undargone stabilization (o became Amadon products will then transform
funho 10 wTeverubly emangod forms Snown as “advenced glycation end

produny’ (AGS s X Ilrvowalee ¢f ul., 1988)
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Itaemoglohin may become glycosylated at sites other than amino toemina] ends of
fi-chains e & at a as well as certain £-amino groups (Bunn ef al. 1979) of lysine

residues (IBookchin and Gallop, 1968)

Glyeosylation of hacmoglobin ig slow and nearly irreversible dunng the 120 day
life span of the red ceclls (Bunn ¢/ of. 1976, Goldstean, 1995} ‘The human
erythrocyte is fieely permeable o glucose, and within each erythrocyle giycaied
haemoglobin (GHb) is formed from I1bA at a ralec dependent on the ambient
concentration of glucose (Bunn ef al,, 1978). Thus, the level of Gib in a blood
sample provides a glycemic history of the previous 129 days, the sverage
o ythrocyte life span (Bunn ef al., 1978). In this regard, the eldes cells will be
mos! glycosylated while the youngest wiall be icast glycosylated (Fitzgibbons s
al,, 1976). llowevcr, all ages of cells wili have been exposed o recont levels of
glycacmia while only the eldest of the cells will have been exposed to glucose
L levels ltom 4 months previcusly.  Therefore, the more recant the penod of
* glycacmia, the Iarges its influence will be on the glycated hacmoglobin value
Consequently, Tahasa and Shima (1993) suggested that half of an HbA, value is

attridutable to changes in gl ycacmia over the preceding month: a further quarter i1s

~ due 10 the month prior to that, with the remaining quarter being a reflection of
months 3 and 4. The most imporiant of the Glibi with respect ta diabetics is

JlbA1, in which glucose is attached 1o the Nlli-terminal valing residue of one or
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‘both chains of IfbA (llolmquist and Schroeder, 1966) 1t is this modification that
imparts enough negalive charge 1o the haemoglobin molecule to atlow sepamation
of the respecuive haemoglobins by charge dependent techniques.  [n contrast,
glycosylation at sites other than the }-chain armino tenninus resuits in a compound
with a charge not dissimilar 10 non-glycosylated haemoglobin and so s
indistinguishable by these methods (Kilpatrick, 1997). loweves, this pacuon
which accounts for about half of all haemoglobin glycosylatuons can be detected (f

glycationspecilic “lotal glycated haemoglobin™ methods such as boronaie affinity

chromatogtaphy (Mallia es a/, 1981) is used
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HC=N-BA  H-C-NPA

1-|-c‘:=o HC-0H H-C=0
A-NH, + HC-OH < |[{0-CH — H-C-OH
l !0-(‘3-1 I ! l-(lf-Ol { H-C-Ol1l
H-(L-OH l-l-é-Ol-l H-CIZ-OI-I
I-I-(‘Z-OII (]31 I,OH éH;OI-I
l-lz.|COll
Glucose (Schift basc) ketoamine

Iig.1:  Diagramatic rcpresentation of the reaction process of

hacmoglobin glycosylation (Bunn ¢ af., 1979)
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The carbohydrates involved in the modification of
charge-scparated hemoglobins

with their

approximate ahundance in non-diabetic individuals

Modification

Fructosc 1,6-diphosphate |

glucose-6-phosphate

Garbohydrsic

Tabhle |:
(Kilpatrick, 1997)
Hemoglobin
Ao
.
LibA 151
HbA, | HbAw
I "bAlh
tibAye

glucosc
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1.5 EFFECT OF CLYCOSYLATION ON HEMOGLOBIN FUNCTION

As carlier discussed, Hb's A,,, A2 and A¢ are modified at the Ni2
termenal amino group of the f-chains, a side normally involved in the binding of
organic phosphates (Arnone 1972). Within the mammalian red cells, 2, 3-
diphosphoglycerate (2,3-DPG), an important regulator of intracellular
haemoglobin finction, is present in equimolar concentration wiili the
hacmoglobin tetramer. The 2,3-DPG polyanion binds more strongly to decoxy-
hemoglobin than to oxyhemoglobin thereby causing a marked reduction in the
affinity of hemoglobin for oxygen (Amone, 1972) Its ncgatively charged groups
form salt bonds tvith positively charged residues on the two $-chains at the
entrance to the central cavity of the haemoglobin molecule, including the Nl{;-
tceminal amino groups if this site is blocked by a covalent attachnient such as
hexose (Bunn and Briehl, 1970), or an acctyl or carbamyl group (Kilmartin ¢/ al.,
1973), the reactivily of hacmioglobin with 2,3-DPG i1s markedly reduced {n
comparison (o HbA the oxygen affinity of IIbA is much lcss responsive to the
addition of 2,3-NPG (Bunn and Briehl, 1970). In hike manncr, synthetic Glucose-
6.phosphate ({G-6-P)-hemoglobin has a similasrly decreased reactivity with 23
DPG (lianey and Bunn, 1976)

McDonald ¢ of , (1979) examined oxygen equilibrs of haemoglobins A

Anal, Ara, Aisand Aj, as well as the kinetics of the binding of carbon monoxide
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with deoxy haemoglobin and found that 1Ib's Ay,, and A,,; have 3 low aftinity for
heme ligands and decreased cooponalively between subunits  Like HbA), they
show decreased interaction with organic phosphates It 13 ikely that the
covalently bourxi phosphates on 1ib’s A\, and A,,; enhance the stability of the
deoxy or T conlormation, thereby lowering oxygen affinity. Since llbay, has
decteased reactivity with 2,3-DPG, red cells of diabetic patients might be
expected to bind oxygen abnormally. As predicted by oxygen equilibria in dilute
£ solution, the oxygen aflinitly of diabctic red cells is slightly greates than that of

normal red cells having a comparable amount of 2,3.-DPG (nonusl individuals
©  have a Py, of about 26mm-1lg. whercas diabetics may have & Pso of 241 to 26mm-

Iig. Obviously, there is considerably overlap betwoen the two groups (Bunn et af.,

1978)

1.6 BSOCSIEMICAL AND CLINICAL IMPLICATION OF PROTEIN
GLYCOSYLATION IN DIASETES MELLITUS
Huisman and Dozy in 1962 wcre the first to relatc glycosylated
haemoglobin to diabetes melfitus, when they obscrved a two- three fold increasc
in hacmogiobin Ayus in lolbutamide-treated diabetics. In a remarkable
independent study, Rahbar (1968) dctected an sbnormal patiern on agar gel
electrophorcsis in some diabetic patients, Tnvclli e? al., (1971) cventually found

thal the hacnioglobin component present in the diabetic subjects had the same
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chromalographic and clectrophorclic properiics as hacmoglobin Aic with a two

fold increasc over values found in normal subjects. These increased levels were

not related to the age of the patients, duration of the discase, lype of therapy, or
the presence of the complications of diabetes mellitus. Hyperglycemia has been
reported by Spiro (1971, 1976), to stimulate the attachment of glucose molecule
to intraccllular proteins found in organs and tissues (Kidney, rctina, lens,
petipheral nerves, and blood vessels) that arc not insulin-dependent for glucose
enlry. lncreased intiacellular glucose levels have been demonsiraied to be
responsible for the formation of some diabetic complications such as cataract,
neuropathy by inoreased shunting of glucose metabolism into accessory pathways
[such as sorbitol pathway, (Javid ¢f al, 1977)] that are nonnally quiescent during
periods of normoglycemia. lHyperglyceiia conscquently results in gradual
acoumulation of ‘advanced glycation end-products’ (AGEs) in certain tissues
For ingance, high levels of AGE fonned from glycated collagen in the subintima
can bind covalenlly to low density lipoprotans (LD1.), especially if tho
apolipoprotein of the [ DI is also heavily gfycatcd (Brownlce et al. 1988) This
is believed to accelerate atherosclerosis even in the presence of normal serum
cholestero! concentrations (Witzaum ¢f o/, 1982) Also, local adverse ellects on
the clotting cascade via r reduction in thrombomodulin activity and activation of
clocting factors } X and X can induce thrombosis (I3rownlee e al, 1981, Viassam

et al, 1999) This is enhanced by local vasoconsiriction from an excess of
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endothelin-1 and the aforcmentioned reduction in vasodilation sccondary to
the’quenching’ and inactivation of nitric oxide in vesscl walls (Bucala er al.,
1991). These combined abnormalities are rclated undoubtedly to the
predisposition of diabetic subject to atherosclerosis and widespread microvascular
discase. (Stanaway and Gill, 2000).
in a similar way, the formation of crosslinks in the protein matnix of the
basement membrane of the miero circulation, duc to heavy irreversible glycaiion
of the maomolecules, tends to tiap cxcess amounts of albumin and
immunoglobulins which cannot be removed (Michacl and Brown, 1981, Graham
and Johson, 1985). These become glycated themscives and attract further
acsumulation of proteins from the plasma  There is disruption of the micro-
architecture of the basement membranc, resulling in ‘leakier’ structure, allowing
| the caravassiion of plasma proteins and disrupted binding of the membranc (o
adjacert cells Extravasanion of plisma protan is accelerated in the face of
hypestension. The adverse effocts of diabetes on pevipheral nerves src believed o
be a2 Least partially microvasaular in actiology though there is slso a direct effect
of intraneuroaal cyioplasmic protoin glycauon that has a direct elfect on nerve
eonduriicn velocity (Staraway & (nll, 2000)
Maczopapes, endothalial odis and mesangial eclls, sl cxpress high
aNlumy rocoptess for AGHs that can (ngger (he relaase of local growth futors

{ Yiasanse ¢ of, 1985, laposio of ul, 1992) These inchady intesteubin | {11..1)

wanDhN UNIYERSITY LIBRARY
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. and insulin-like growth factor 1 (IGI-1) and can cause mesangial prolifcration in
the tenal glomesulus with consequent effects on renal function (Do ef ¢f., 1992)
This 1s in conjunciion with basement membrancs distuption allowing lcakage of
an excess of plasma proteins into the urine by ultra filtration The long term
histalogical cffects of 1his process are seen histologically in the kidnecy as the
classical ‘glomesulosclerosis’ lesion.

Ewthermore, several disoiders of the musculoskeletal system found more
amnmonly: in diabetic subjects are believed to be duc to AGE accumulation
cmsing cxcessive aoss-linking ol collagen molecules  There is reduced
samodelng and accelczated ageing of the skin, which becomes thicker and can
take a ‘yeliow’ appeamncr particulauily on the paims and soles.  Localised
ischzamia and fibrosts due to nmoovasalles AGE cfficcts cxacerbate this process

and thare is assocaied tendon sheath sclesosis  Joints underlying the a{lected area

becume increasngly suff due to this thickening  This 18 known as
scheiroanivopaby” It octuos in 8-50°% of type | disbetic subjeas (Clark e o/,
1991) Tnggxy finge is anothcr eommonly associated symplom. Togeiher this
collectioo of pheOmea i3 known as the ‘dusbetic hand syndrome’
Choocan‘wopsilry is beg) demonsirated as the ‘prayer sign’

| Frozen shoulde (perwithnuis, adhesive aapsulitis) is another common
muacdoskeictal disorder associated with duabetes  § is bedieved to be due 10

eacossive csomslinking of collagen mwlecules 1n the shuullo cepsule
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chasacterfzed clinically by pain and restricted active and passive mavement al the

nohumeral joint. ‘Ihe most alTectel novements ase external cowtson snd
abduction and pain is otlen worst a1 night and during the first six months when
there is active inflainmmation loflowed by a progressive capsular fibcosis resulling
in stiffncss. Albumin can bo glycated by exacily the same peinciples as all othes
proteins. As us life span is shorter (aprox. 2-3 wecks) mexagements of plasma
glycaled albumin levels givies an impression of glycaemic conirol oves s
reduced time period.  (Johnson ¢/ a/., 1982, Ashby and Frier, 194%) 'This i
known as (he ‘fructosamine’ assay. The fructosarnine level comrelates better with

actual average glucosc levcls, as there is a wore rapid iwmover In the glycaled

glbumin due to its shorter halfilife

1.7 FREE RADICALS

Free mdicals as describest by tlalliswell in (19941), ere specic(s) capable of
an independent existence thal conlains one or nworc unpaired electrons. They
could be produced by oxymen involving biocheniical redox reaction cocumng in
nocnal cell metabotiem or by phagocytes us part of a controlled inflammatory
feaction or i Icsponse to ocaasional exposure lo lanizing rediation, u v light,
polluiion, cigarcile, smoke, tscliiemia cie. ‘|hese radicals are collectively referred
1o a3 *Rexctive oxygen specics” (ROS) and comprises of supevoxide (Oy ),

hydroxy! radical (01 1), hydrogeri peroxide (11:()), singlel oxygen, hypochlorous
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acid (HOCI), ozone (O3) and perhydroxyl radical (Harber and Weisis, 1934) In

addition, peroxyl radical (ROO), alkoxyl radical (RO ) and fciryl radical belong

to this group.

1.8 FREE RADICAL AND PATHOLOGICAL CONDITIONS

IFrce radical pathology is consequent to uncontrolled, abniornal radical
reaction occurring in cells and probably intiated by physiologically occurring
radicals (Tolin and lFox, 1967) already dislocated or by cxogenous agents such as
chemical which are already radicals or metabolized into radicals or may induce
radical statcs in normal chemical constitutents of cells (Thomas e o/, 1968)
This pathological statc may also ansc as a rcsult of imbalance between the
production of free radicals and the body antioxidant systcm. Free radicals have
been associated with not less than 100 human and animal diseases such as
malaria, rhcumaloid, arthintis, Poskinson’s disease, inflantmation, nsthma, neuro-
degcencration, diabctes and agceing (Muller 1992) Cerutu in (1994) suggested that
mcmbranc damape resulling from froe sadical mcediated piocess of lipid
peroxidauon might contributc (o oxidative DNA domage implicoted in
carcinogencsis, Recent study has shown that oxygen radicals and lipid
peroxidation are involved in the coursce of aging, age rclated discasc and cancer

(Ames, 1995) Further study by Ln-lluacao (1995) was cvident that there is a link
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. or rclationship between lipid peroxidation process, mulagenesis  and

carcinogenesis.

1.9 PATHOLOGICAL EFFECTS OF FREE RADICALS IN DIABETES

MELITUS

Easly suspicion of the involvement of reactive oxygen species (ROS) in
the pathophysiology of diabcies mellitus ¢manated fiom studies on alloxan-
induced diabetes in rals which suppoited the gencration of reactive oxygen
specics in this discase condition

Alloxan injected into rats accumulaics only in the liver and the islet of
Langerhams where it generates superoxide rudical from oxygen during the
oxidation of its unstable reduction product — dialunic acid This oxidation step
depends on the presence of trace amournis of transition metal and also leads to the
generation of hydrogen pcroxide and hydroxyl radicals by Fenton — type reactions
(Halliwell and Gutictidge, 1984)

Thomalley «4 u/., (1984) also rcporied thal monosaccharides can undesBo
oxidation to generalc reactive-oxygen species in Lhe presence of catalytic amounts
of iron or copper ions. This fusther fortified the belicf that reactive oxygen

species could play an intportant role in the pathway of diabetic comnplications
Recen: studies on the level of cnzymie anttoxidants ~ cardiac Cu -~ Zn supcroxide

dismulase and calalasc show incressed activities in diabetic paticnts. This may be
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l-a resultant compensatory response to an increased level of free radical generation.
Previously, a higher catalase activity reported by Godin and Wohacib, ( 1988) was
thought to be in response to increased peroxisomal production of hydrogen
peroxide in diabetics (Horie er al., 1981), however, this observation may also be
parily attnibutcd to the production of hydrogen peroxide by the dismutation of
supcroxide iadical. Furthermore, De Bono (1994), in an indepcndent study
showed that the non-cnzymic glycation of proteins, parlicularly under conditions
of high glucose concentration such as in diabetes mecllitus, could generate ficc
radicals and then causc cell damage

Indced, these pathways suggest that oxidative stress could be an important
feature of diabetes mcllitus. Reactive oxygens species (ROS) are normally
formed in aerobic organisms in thec cowrse of different cellular functions
(Halliwell and Gutteridge 1989). They can be very toxic, lcading to ccllular
damage and even apoptosis (cc!l dcath), if there is an imbalance between their

production and the body dcfence mechanism against free iadicals, called

antioxidant system

During recent years, the molecutar mechanisms and potential treatment of
acutc and chionic neurologic disorders have become a rescarch arca of paramount
importance (Kricglstcin and Obexpichler 1990, Dunn (995, 1996) Tmuma,

spinal cord injury and stroke fall into the ¢atcgory of acute neurologic disorders

whilc chronic neurologic disorderss include sclcrosis, Alzhcimers and Parkinson’s
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disease. Also, increasing cvidence suggests that frec radicals and specificaily
reactive oxygen species (ROS) play an important role in the actiology of these

ncurologic discases (Gutteridge, 1993; Jenner, [994: and Simonian and Covle,

1996).

1.1 ANTIOXIDANTS IN BIOLOGICAL SYSTEM

Antioxidant is any substance which when present al low concentration
compared to those of oxidizable substrate, such as DNA, lipids, protcins, and
carbohydrales significantly dclays or prevents substrate oxidaiion (Halliwell and
Gutieridge, 1989). They are naturally cxisting body dcfence mechanism for
prolecting tissues from free radical effect Mosl times free radical reactions are
deleterious to cellular life, hence the body has evolved many overlapping defence
mechanism to prolect against oxidative stress. These include both enzymes and
small molecules thal act as scavengers of reactive oxygen species. The enzymalic
defence system comprises of superoxide dismulase (SOD), glutathione peroxidase
(GSG-PX), catalase, and DNA repair cazymes. The non-cnzymalic defence
mechanism incivdes nictal binding proteins (Ferritin and Ceruloplasmin),
vitamins =, C, B-carotene, albumin and minerals such as sclenium, copper, zinc
(Diplock. 1991)

Antioxidants whcther naturally present or  added [Butylated

hydroxytolucne (BHT), Butylated hydroxysnisole, (B311A), propylgallate (PG),
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ascorbic acid and a-tocopherol) retard but may not completely inhibit lipid
peroxidation. Antioxidants with radical scavenging aclivity react directly with
ficc radicals formed during oxidation reactions and convert them to less reaclive
compounds by donating a hydrogen atom rather than blocking the initial free
radical gencration reaction (Mahoncy and Graf, 1986). These antioxidants have
been further grouped into three classcs according lo their mode of operation
(1) Primary antiozidants: These prevent the formation of new (rce radical
species either by converting existing frce radicals into less harmful
molecules bcfore they have a chance to react or by preventing formation

of fice radicals fiom other molecules. Exampics are SOD, glulathionc

peroxidase, catalase, metal-binding protcins (Formitin and Ceruloplasmin)

(i) Secondary antioxidants: They scavenge radicals by preventing chain

reactions
Examples include vitamin C, E, Bcasotene, uric acid, bilirubin. and

albumin
(i) Tecrtiary antioxidant: These repair [ree rdicals damnaged
biomolocules. They include DNA repair enzymes, and methionine

sulphoxide rcductase
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I.11  ENZYMIC ANTIOXIDANTS: These arc ccllular enzymes that provide

the first linc of antioxidant dcfences in cells Examples arc

1.11.1 Superoxide dismutase (SOD);

SOD 1s an cnzymic antioxidant having clectron configurationof 1:15:1:1.
It scavenges superoxide radical by having its dismutation to hydrogen
pcroxide and oxygen as shown below

0y + O, 2H+ H;0, + 0
oD

SODs arc cssential for the survival of aerobic cells (Burton 1991). The
crythrocytc SOD is known as erythroscuprien (McCord and Fridovich, 1969)
while that of bovinc is known as hemocuprein (McCord and I ridovich, 1969)
SODs are unique metalloproteins, for cxample hemocuprein, lirst isolated from
Ox blood in (1938) as a biuc-green piotcin containing 0 38% copper with a
molccular weight of approximately 35,000 dalions (McCord and Fridovich,
1969) The importance of superoxide in oxygen toxicity (Oberley, 1982) led 10
the following presumptions regarding SODs, aH of which have proved correct

1 Only organisms cxisting as obligale anacrobes would not have

supcroxide dismutascs

2 An increased cxposure to oxygen should result in the increased

synthesis of SOD
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3. {ncrcased exposure to oxygen through the application of
compounds such as methyl viologen (paraquat) or streptorugnn
should increase superoxide dismulase synthests

4 Maetabolism changes that increase dependence on  acrobic

metabolism should increase superoxide dismutase synthesis

5 The resistance (0 hypeibaric oxygen should correlate with SOD
levels and

6 Mutant defective in SOD should exhibit a decrecased resistance to
oxygen.

Thae are different types of supcsoxide dismutases, which catalyse the
same teaction and appesr to have comparable dcficicncies. They have been
slassfied_ascordiag (0 the type of metal at their active siic
(n) Copper-zinc eontainag superoside dismutase.

i has a molecular weight of 22,000 daltoas. Ths dimenc molecule contains an
atom of copper and an aiom of ainc Gghily bul reversibly bound per 16,000
molecular weight (Stenman, 1983)

The active siie of the enzyme consists of a copper ion surrounded by four
histidinc cesidues in a distoried squarc planar conligumtion. The histidincs are at
siles 44, 46, 6] and 118, The copper and zinc erc In close proximily with the
nilrogen of the imidazoic ring of llis 61 bound 10 the copper and 1he other

nitrogen bound 10 the ziac  The coppes end aing jons within each subunit sre
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approximately 6 A° apart. According to the proposed mechanism shown below,
the copper 1ons which are telatively exposed arc catalytically active and are
alicmatcly reduccd and reoxidized by superoxide as follows

EnzMc® + Oy ——— » Enz-Me™' + O;

Enz.Me ™ + 07 + 2H'— —+ Enz-Mc"+ H:0;

where Enz is enzymes and Mec is metal

Net reaction: Oy + O + 2H——» [110; + O,

. (b) Manganesc - conlaining superoxide dismutsse

The manganese supcroxide dismulase is a8 dimer containing onc atom of
mangancsc per sub unit. it has a molecular weight of approximately 40,000
dalions and was first isolated from Iechericiua. coh (Stcinman, 1983) lis
mechanism of catalysis is thought 10 be an aliernate reduction and rcoxidation
similar to thot of the copper in SOD upon reaction with superoxide

The evkaryotic manganese eazyme was firsi obtained from chicken liver
mitochondria and coalsins four subunits instcad of two: It has a molecular weight
of approximately 80,000 daltons and is very simitar o the bacterial SOD Icpding
1o the same speculation that indeed, mitochondria evolved from 8 prokaryote

source through its entry into an cndoccellular symbiosis with a proto-ecukaryote

(Sionman, 1983)
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kc,) Iron — containing super oxide dismutnse.

The iron containing SOD is similar in amino acid sequence to the
manganese- containing enzyme and was first isolated from fischerichia colr. But
abou! two decades ago, they were isolated 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 scquential reduction and

reoxidation of the active metal.

1.11.2 Catalase

Caialase an ezymic antioxidant with elcctrenic configuration of 1,11.1.6
which fisnctions mainly by dismutating hydrogen peroxide formed by supcroxide
dismutasc or by the uncatalized reaction of hydroxyl peroxyl radical into water
and molecular oxygen

H-0: + H/O; CATALASE H.O: * O

Catalase is preseni in majoc anunal body organs cspecially concentrated in
the liver and erythrocytes (Marklund, 1982). Most aercbic cella contain catalase
aciivily, howevel, a lew such as bactotum Haciius pogulliac and Aycoplissmao
Inxumoniae do not. Also, a few araerobic bactaria contain catslase, an example
I3 proplonubecierium shermarnii but most do not (Markiund, 1982) Four protein

subunita have been shown in most punficd catalases, and esch of them coniaine a

hacm {fe (11]) - protoporphyrin) group bound to its sctive siie. Turrens ¢/ al,
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(1984) rcported that the dissociation of the molecule into its subunits, which

easily occurs on storage, freczc-drying or cxposure to acid or alkali, causes loss of
catalasc activity.

In animals and plant tissues, catalase activity is largely located in
pcroxisomes, which arc a membrane bound subcellular organclles.  Although,
studies carried oult on catalase activity in lissuc homogenates of plant and animal
indicated that a significant proportion of this activity ts not bound (o organelles

This could partly or wholly be duc to rupture of fragile pcroxisomes during

homogcnization. At least, the liver mitochondria, chloroplast and the

cndoplasmic reticulum contain little, if any, catalase activity therefore, any

hydrogen peroxide generated by them in vivew cannot be disposed of in this way

(Sinct ¢ al, 1980), The mechanism of catalasc reaction is as follows

Fe (111) + H:0, K\ $cnmpwndl

Compound t + 1H:0; _ X Catalasc —Fe(llf) + 2120 + O;

_-‘1_.-’

Tle two second- ordcr majc constant K, and Kz for rat liver catalasc have values of
) 7x 10°M'S and 26 x 107 M' S respectively (Chance ¢ al., 1979)
From the above equation, the complete rensoval of hydrogen peroxide

rexjuires the impact of two mcolecules of hydrogen peroxide upon a singlct active
site. This becomes less likely as hydrogen peroxide cancentration falls The

amoum of compound 1 present in a mixturc of catalase and hydrogen peroxide

w25 JANUNIVERSITY LIBRARY
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) on the concentialions of catalase and hydrogen poroxide and on the raic

15 K; and Ky

Il the concenliistion of hydrogen peroxide ts fixed, the imitial rate of
removal of it will be proportional to the concentration of catslase present and
hence will be higher in liver than 11 say, brain or heart (Sinct 7 o/, 1980)
Similarly for a given concentrution of calalase. the initial raic of hydrogon

peroxide removal will be proportional to the hydrogen peroxide conoenirzeions

1.11.3 Glutathione peroyidase

Gluathione peroxidase (GSG-PX LEC 111! 9) is a widely dispersed
animal enzyme, first discovercd, partinlly purified and charsctenzed by Mills in
(1959). Although, it has been repotted in some slgac and fungi, il is not present
in highcr plants or bacicria ‘This mcmbrane bound enzyme scavenges hydrogen
pooxide, fatty acid and hydroperoxitles by reducing them to water and molecular
oxygen and also forming the oxidized glutathione (GSSG) from its reduced fotm
H0: + 2GSII —* 2GSSG  + 20

The enzyme consists of four protein sub-units, cach of which contnins one atom
of the sclenium clement in its active site, It is probably present as the active site
as sclenocysteine, which reduces the geroxide 1o an alcohol and is oxidized to

selenic acid (i - Se - ON) (Guitenidge, 1988)
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(Selenosulnhicde) (Sclenic acid)
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e

|
- Fig. 2 Propoczed Catalytic Mcclanism of Glutathione Peroxidase,
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In normal cells, the ratio of GSH/GSSG is usually kept high, hence

glutathione reduciase catalyzes the reduction GSSG to GSH as shown below

GSSG + NADPH + Il + GSIl + NADP

Glutathione reductase is a protein consisting of (w0 subunitss Each of
them contains flavin adenine dinuicleotide (FAD) at its active siie, *vh;ch. 15
apparently reduced by the NADPIL. The FAD then passes its electrons onto a
disulphide bridge bctween two cysteine residues in the protan. The two SH-

groups formed then interact with GSSG, reducing it 1o 2GSI1 and lcform;ng the

prolein disulphide (Meister, 1983).

1.12  METAL BINDING PROTEINS

10X1 ¢ is to bind transition metal
A major antioxidant defence of human plasma 15 1

. ' i i .adical reactions. or o otherwisc prevent
wns in forms that will not mulate free-radic

the metal ions from pasticipating in such rcactions (Malliwell and Gutteridge
m | | Pu

1986)
() Teansferrin  This is an iron binding prolcin present in plasma of
i
[ ns  iron bound to wransfervin will not participaic in OH radtcal
wma

formation or lipid peroxidation (Aruoma and |lalliwcll, 1987),
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provided that the iron present does not overwhelm the iron.binding
capacity of the transfcrrin

Lactloferrin.  This i1s a protein present in human sccretions and
released by ncutrophils. It also acts as an antioxidant by binding iron
(Guttendge, Paterson ¢f al, 1981) The physiological importance cf
this sequestration of iron ions into “safe” forms is clearly illustraied by
an inspection of the multi-organ damage scen in patients with iron-
overload discasc in whom low molccular mass iron ion complexcs
(principlally involving citrate ligands) (Groot veld ¢t al., 1989) capable
of stimulating lipid peroxidation and Ol genceration (Gutienidge ¢

al, 1985) circulate in the plasma

laptoglobins and llemopesin. These arc plasma proteins that

diminish the elicctivencss of iron compounds in stimulating lipid

peroxidation. Haptoglobulin is a plasma protein binding hacmoglobin

liberated into piasma and other body fluids after tissuc injury. The

hcmopexin ¢s also a protein binding hcme relessed from damaged

heme proicins that arc usually powerful stimulator of peroxidation

(Tappel. 1955)
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There arc two mechanisms for hacmoglobin accelerated lipid peroxidation
(@  The reaction of the heme ring with equimolar concentrations of
H30; produces an oxo-iron species such as ferryl, that can lead to
stimulation of lipid peroxidation by interacting with free fatty acids
or fatty acyl side chains tn membrancs while still remaining bound

lo the proteing

(b) Excess H;0; can causc dcgradation of the hemc rings of
myoglobin and hacmoglobin, rcleasing from the protein iron ions
that arc capable of stimulating O production and lipid
pcroxidstion (Gutlendge, 1986, Puppo and ifalliwcll, 1988)
The hacmoglobin-haptoglobin or hecme-hcmopexin complexcs are
rapidly clcaved from the ciraslations (Oshiro and Nakajima 1988)
since failure to remove hacmoglobin in this way results in brain
damage (Panter ef af., 1985)

(iv) Ceruloplasmin. This is a plasma coppel contgining protein with
antioxidant aciiviry (Gutleridge and Stocks, 1981). 1t exhibits ferroxidase
activity by oxidizing Fe®’ 1o Fe'' while reducing oxygen to waler

AFe* + Oy + 4H' ———» AF¢” + 2H0
The ferroxidase activity of ceruloplasmin allows it to inhibit ron-ion
dependent lipid peroxidation (Gutteridge 1985). Similarly, ceruloplasmin

non-specilically binds copper ions and can thus inhibit copper 10n.
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stimulated formation of reactive oxidants c.g. (OHl ) and liptd peroxidation
(Gutteridge er al., 1984, Lovstad, 1987). In addition, ccruloplasmin reacts
with Hz0; and with supcroxide (O;) non-significantly, hence, the
cnzymatic protcin has litle or no “SOD-like” or catalasc-like activity
(Calabrese and Carbonaro, 1986).
Albumin.  This also binds copper ions and usually inhibits copper ion-
dependent lipid peroxidation and OH' radical formation (Gutietidge and
Wilkins, 1983; Halliwell, 1988). The binding of copper ions to albumin
may tcad 1o albumin damage if Oy and 1H:0: are generated in plasma,
however, it prevents the copper ions from aitaching to morc important
targets such as kcy —-SIHH groups on the membranes of endothelial cells or
erythrocytes where binding of Cu® can lead to oxidative damage
(I'lochsicin ez al., 1980). Furtheymiore, it prevents Cu®* fram aceclerating
the peroxidation of low density lipoproteins and promoting atherosclerosis
(Esterbauer er al., 1989).

Albumin transports fatty acids in the blood and the bile pigments-
bilirubin is bound to it. It was shown by Swocker ¢s al, (1987) that
bilirubin acis as an antioxidant inhibitor of lipid peroxidation ps.vsery;
Perhaps, thercfore, it prolects albumin-bound fatly acids against
peroxidation /m-vnv. However, the prevention of copper jon-mediated

damage by albumin is probably a propefly of the protein itself. Albumin
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is also a powerful scavenger of hypochloric acid (F10Cl) in plasma (Wasil
e/ al., 1987) and bilirubin contributes partly 10 this activity (Stocker and
Pcicrhans, 1989)

Other metal chelating agents that reducc jipid pcroxidation are
citratc, dicthylenc traminc, pcntaacctic acid (DTPA), malic acid and
tantaric acid (Lemon e af., 1950, Mahoncy and Graf 1986). Such agents
cither chclatc mctal ions or suppress reactivity by occupying cell co-
ordination sitcs on the mctal ion and thercfore, may be cilective agents in

rctarding metal-catalysed lipid peroxidation

.13 NON.-ENZYMSIC ANTIOXIDANTS

1.13.1 Ascorbic acid. This is a vitamin necessary for the finctioning of
humans, other primales, guinea pigs and certnin fruit eating birds. It is a whie
cystalline solid that is very sciublc in walcr when pure. It can be synthesized
kom glucosc by planis and mosi animals but humans and othcr primates have jost
98¢ of the nccessary synthetic cnzymes during their cvolution hence they require
vitamin C fyom their dicts. The fu-vivo biosynthesis of collagen involving prolinc
hydroxylase and lysinc hydroxylase (cnzynies having Fe at their acyve sites)
®Quire viamin C as a cofactor. In the abscnce of vitamin C, iInsufliciengly

hydrOxylaled cojlagen which does not forin fibrous propctty is synthesized. ‘Thus,
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!thaiting in poor wound healing and fragitity of blood vessels (Seib and Tolbent,
1982)

Ascotbate is an clection donor i.c a reducing agent having the chemical
ability to reduce Fe (111) to Fe (11) thereby promoting iron uptake in the gut. The
imporance of its reducing nature was shown by Hodges (1982) that dietary
ksowbate inhibits the carcinogenic action of seveial nitroso-compounds fed 1o
amimals because it convests them to inactive forms. Indeed ascorbate required by
the prolyl hydioxylasec enzymes probably maintains the copper (Cu) and Iron (Fe)
& its actve site in the roduced active form ncwessary for the hydroxylation
seaction duning collagen synthesis (Prockop ef al., 1979)

As an antioxidam with hydrophilic aature, it directly reacts with O, OH
indicals and lipid hydroperoxides on the hydrophalic layer of the membrane but
ot with the lipophilic radicals wihin thic interior of the membrancs.  Although
loopberg) and ubiquinol are the pnimary scavengers of radicals within the
emdbrae, woophorol &5 in cooacon with ascorbate which causes ihe
Ignoaioo of ocpactaol ffom sts a-locopharyl radicals a1 the eurface of
@cmiwas  And ihe 10copherol) then conuimaes (0 scavenge (ree radicals within

the mermbrane (Hansen ¢er af., 1991)

Veamin [ ;pdical + Vitamin C * Vitarrun H + Vaamin C redical

{¢000hary) cadical )
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vitamin C (o exert its total antioxidant activity, therc is need for the carefud

sequestration of free biansition metal ions that is generated during tissuc injury

from the plasma (HHalliwell and Guiteridge, 1984). The sequestration was highly

essential becausc the administravon of ascorbic acid (o patients with iron-

R O

@)

- overioad can lead to senous consequences, however, unless desfcriioxamine is
given simultaneously. By contrast, the ovesall effect is that depending on the

conceatiation of the ascorbate, free radical reactions may also be stimulated

L132 Uric acid. The antioxidant activity of uric acid invoives

binding of copper and iron ions in forms that do nol accelerate free
1adical reactioas and

directly scavenging oxidizing species such as singlet oxygen, HOC|,
and panxy! rdicals (Ames ef al, 1983, Davies ef al, 1986)
Grootueld (1989) in collaboration with other researchers obsesved an
inoeased eoazcwmioo of breakdown producis of unc acid in the body
fluids taker from humans with sheumatowd, arthiitis or iron-overload
discase Those worken thosclore, sugyesied that unc acid does react
with some oxidanis “in vivu’'. The eaction of un¢ acad with certain
oxudjszing species aich as Ol radical produced a unc acid rudical

capabic of raading with oxygen 10 foim a perovyl radical (K- 0;)

whi h howenty. is less seactive than bydroayl radxsl but can alw
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damage/inaclivate certain enzymes (Kittridge and Willson, 1984). But,

fortunately, ascorbic acid can reduce these uric acid derived radicals

(Maplcs and Mason, 1988).

1.14 POLYPHENOLIC COMPOUNDS

Polyphenolic compounds arc antioxidants usually from natural origin such
as in fruits, vegctables, nuts, sceds, flowers, barks of trees, and marinc organisms
They are of diverse chemical structure and characteristics. They are majorly
Classificd into flavonoids, tannins, coumartns. lignans ¢ic. (Cook and Samman
1996), These polyphenolic compounds have been found to be involved in the

alleviation of some ROS degenciative discases such as aging, arthritis, cancer and

diabctes (ctc)

1.14.1 Flavonoids. TFlavonoids are a ubiquitous gloup of low molccular weight
naturally occurring polyphenolic eompounds widely distribuied as secondary
metabolites in plant kingdom (Middleton, 1993)

The major classcs of flavonoids include: Navoncs. flavonones, cateching,
3ﬂh0cya;.~'dim. Isoflavone, dihydro-flavonols and challioncs (Kuhnau, 1970)

Flayonoids arc absorbed from (hc gastrointestinal Wacts of humans and ammals
a0 cxcreted cither unchanged or as flavonoid metabolites in the urine and facces

The cxtent of .bsorption of MNavonoids being an important ynsolved problem ip
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adjudging thcir many alleged hcalth cfiects was considered by Hollman and
Katan, (1997). Flavonoids prescnt in [oods bound to sugars as beta-glycosides
were thought to be non-absoibable whereas aglycones-sugar (ree flavonoids are
sble to pass through the gut walls. Hydrolysis only occurs in the colon by
micoocpanisms, which at the same time degrade flavonoids. On this base,
Hollman and Katan, (1997) in a study quantilied absoiption of various dictary
forms of quemtin Swipnisingly, the quercetin glycosides (fom crions were
absorbed far better than the pure aglycone. Subsequent pharmacokinctic studics
with dietary quercesn glycosides showed marked differences in absorption rate

and bioavailability Absoibed quercetin was eliminated only slowly from the

blood. it was also found that two major sites of flavonoid metabolism are the

irver and Lhe colonic flora.
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' ':v.‘g_;{ The structure of some classes of Flavonoid und related compoynds:
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A5 BIOLOGICAL PROPIPERTIES OF FLAVONOIDS

Flavonoids are found in the thylakoid membranes of plant. They probably
articipate in the light phase of photosynthesis as catalyst of the clectron transport
ind (or) as regulators of ion channcls involved in photophosphorylation. Also,
flavonoids are known to interact with proton and Na' - K* pumps in animal cells,
thus implying that they play a role in such processes (Pollard ¢f al., 1979, Ravanal
‘¢t al, 1981}, When photosynthesizing cells die, Ravonoids ace reieased and
appear in the plant juice, honey, and the resin.  Bees gather titds which are rich
in flavonoids Gom the plants and manufacture a resinous matcrial called

PROPOLIS fiom them_  This is used to close opeaings in their hives (11austeen,

i 1983)

Flavonoids have a high propensity for clectron transport.  This priority is
F exhibited in their ability to scavenge free radicals and chelate heavy metal ions
Y catalysc many proccsses Ieading to the appeasance of fiee radicals
I Furthermor they are known 1o influence the permeability of both natural and
| synthetic membeanes  Therefore, Roufogalis and collsborators (1999) in a recent
iNVestigation showed the inhibitory action of phenolic compound, on the Ca?,

Na' - K* and Mg?* ATPasc as polential cardiovascular agents. Their findings

indicated that flyvonoids inhibition of the calcium pump is independent of

Qlmodylin stimutation and that bisphcnolic compounds in particular may be

k
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useful in studying the role of plasma membranc Ca** ATPasc and regulation of

L
‘intracellular Ca?’. 1t was further suggested that they may as well have potential

‘cardiovascular activities.

Furthermore, wine especially, the red wine has been reported to contain a
range of polyphenols such as {(p-coumaric cinnamic, wvanillic acid,
trihydroxystilbencs and Navonoids (catechin, epicatechin and quercetin} that have
desirable biological propertics such as promotion of nitric oxide production by
vascular endothelium, inhibiting the synthesis of thromboxane in platelets and
lcukotrienc in neutrophils, modulating the synthesis and secretion of lipoproteins
in whole animals and human cell lines, arresting tumour growth as well as
inhibiling carcinogenesis in diflcrent experimental models. These effects were
accounted for through target mechanisms which include inhibition of
Phospholipase Az and cyclooxygenasc inhibition of phosphodiestersse wih
Increasc in cyclic nucleotide concentrations and inhibition of scveral protein

kinases involved in cell signaling (Solcas ¢ ai., 1997)

LI PHARMACOLOGICAL EFFECTS OF FLAVONQIDS

Flavonoids have becn reported to have a wide range of medicinal cflects
including antibactegial, antiviral, anti-inflammstory, anti-allergic (Ilope cf o,
1983, vasodilatoyy (Duarte ¢/ al,, 1993, and just recenlly caidiovascular actions

{R"”fosnlis ¢t al, 1999) Moreover, they have been repotted to inhibit ligid
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xidation (Salvayre, ¢¢ al., 1988) platclcts aggregation, capillary permcability
fragility as well as the activity of enzymes like cyclo-oxygenase and lipo-
xypenase. Flavonoids also exhibit activitics such as anitoxidants, frce-radical
ILQvenging and divaient cation chclators (Afanascv, 1989, IFraga 1987) Natural
‘omzmrales of flavonoids such as Propolis (a resinous subsiance obiained by
bees from plants for use as glue in their hives) have becn used for ycars to 1reat a

wide range of buman disease conditions including gastroduodenal ulcers and
Gncer (Hausteen, 1983, Hatog cral., 1993)
in order 10 clarify whethet the antioxidant propertics of flavonoids are
dependent 00 radical scavenging or von-cbdating activities, Shim e7 af., (1999) in
0 investganion used an expedmental approach bascd on the notion that iron
RBrinon appress DNA  scssion and cylotoxiaty caused by tert-butyl
bydopeinzide whaeas mdical scavenging antioxidants prevent only the laticr
Cpoms 1 was clearly evidem in their expenment (hat the activity of the
B2vomeid. quotctin resides in its iron chelsiing ability Moreover it wis
Speemed (has their cxpotmeatsl approach could be utilized for the asscssment of

08 cliclazian in e biological activily of flavoooids or other antioxidsns

1T MODE OF ACTION OF FLAVONOIDS
Readivity of Mlavonoids have boen studied under several evpenimental

£ 202009 0nd guchs v egtighdions have shown that the antiosadam propeny® of

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT




45

vonoids arc duc to radical scavenging propertics direcied towards superoxide,
ydroxyl, pcroxyl and alkoxyl radicals as well as a concomitant capability of
helating iron, 2 metal known (o increcase the rate of appearance of free radicals
(Potterat, 1997). For instance, the inhibitory action of Guercetin and rutin (Muller,
1992) 1n lipid peroxidation result from scavenging superoxide anion, inhibition of
hydroxyl formation by chclating iron ions and reaction with lipid redica!
(Afana’scv, 1989)

Within the last decade, focus has been dirccted towards clucidating the
slrtucture — activity relationship of flavonoids. Boss and co-workersin particular
found that their structural groups were importani deicrminants for radical

. cavenging and antioxidative potentials. They arc the O-dihydroxy 8 (catechol)
Siuciure (n the 13.1ing; the 2,3-double bond i conjugation with a 4-oxo function
and 1he additional presence of 3 and 5-hydroxyl groups for maximal radical-

sCavenging potential (Bors er al, 1987, 1990). Also, qualitative siructure-activity

fefationship (QSAR) has revealed that the presence of 1, 4 and 1, 2

i hydroquinones in the A and /or B ring and the hydrophobicity of the molccyles
r¢ responsible for the 7 vitro inhibition of lipid peroxidation (Miyahara ¢ al,
1993)

Somewhat recently, & Structure — &ctivity study of 14 difterent chemicay

Classes of flavonoids on phosphatidy! inositol-3-kinasc alpha revealed (hat (he

POsition, number and substitution of the hydroxyl Broup of the B nng and

L
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uration of C2-C3 arc important factors aifecling flavonoid inhibition of
hosphatidyt inositol — 3 kinasc (Agullo ¢/ af, 1997), an enzymic recently
indicated to play an important roje in signal transduction and cell transformation.

Is0, reactivity of flavonoids with the superoxide 1adical was shown to depend on
|

 the redox propernes which are highly sensitive to the hydroxyl substitution on the

B-ring. The reaction mechanism appaarcd to be electron transfer with conceited
I

proton transfer (Jovanovic er al., 1994)

AL Cnestis ferruginea

Crestis ferrvginea with locsl names *Oko — Aja’ or Gboyin — Gbayin (in
Yoruba) belongs 10 a family of comaraceae. It is found in deciduous and

®xoodary foresds as well as secondary soub e g Udi-Plateau. They are widely

disnbuted with imparipinnate lesves, 1on inches ong. cight pairs of teailets, ail
. pans foTuginously pubesocy The Nowon are white with ferruginous sepals
L Ihexr fiunis arc red, velvely, curved pod, coalsining black seeds, one of each
Qruie

Crestis ferruginca is used in waditiona) medicine for a vanety of parposes
The leal dacion (s used by Yoruhas of South West Nigona as a laxaiive

(Deloaey. 1937) It can fsthor be used a3 an enema i dyseniary and gonorhues

The predond seus of Crwestis ferrwgined in 1ipe papiw s ususlly wad in

.
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iﬂ'kfdrc medicine to trcat madness caused by ill-fortune and for some other

wperstitious purposcs (Kerharo and Bouquet, 1950)

[n'Nigeria, the lbos use the roots for 1ooth -ache and tooth-caries while the
powdered bark is rubbed on the gums for pyorrhea. The fruitis juicy and the taste
dcid and bitter. 1t is widely used in West-Africa for cleaning the tecth because if
has a very refieshing and cleaning influence upon the mouth and tecth. The

boiled or fresh fruits arc crushed with rum or palm-wine as a remedy for snake-

bite and/or applied locally (Dalziel, 1937). Morcover, the fivit juice is used for
ireating wounds (I°lore du Congo Belge, 1952). Rubbing with the whole pulped

Plant is good for every kind of pain

LI9  clnEMICAL CONSTITUENTS OF Cnestis ferruginea

It has been shown that petrolcun ether fraction of Cestts ferruginca fruit
€ontains among other constitutents, octacosanyl sterarate and i-myristo-2-stearo-
3- paimitin (Ogbechic e/ ¢!, 1987) Phytochemical scTeening of this also revealed
the presence of flavoncids, combincd anthraquinones s8ponins. tannins, steroidg}
Uyoosidc (Ogbccehic cf af,, 1987) and 8 novel isoflavone glycoside, afrormosin
T0.be1a.D_galactoside in the fruit (Parvez e/ al, 1992)  Fusthermore, s
biob&-m, activities were investigated against dilferent organisms and # was

Obseevey that his compound has antimicrobial activity against staphyiocnecus
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klore medicine to treat madness caused by ill-fortune and for some other
pcr?t;lious purposes (Kerharo and Bouquet, 1950).

in Nigeria, the Ibos use the roots for tooth -ache and tooth-caries while the

wdered bark is rubbed on the gums for pyorrhea. The fiuit is juicy and the taste

id and bitter. It is widely used in West-Africa for cleaning the teeth because it

s a very rcefreshing and cleaning influcnce upon the mouth and teeth. The
oiled or fresh fruits are crushed with rum or palm-winc as a remedy iGr snake-
bite and/or applied locally (Dalzicl, 1937). Moreover, the fruit juice is used for

treating wounds (Flore du Congo Belge, 1952). Rubbing with the whole pulped

plant is good for cvery kind of pain

L9 CHEMICAL, CONSTITURNTS OF Cnestis ferruginea

It hes been shown that peiroleum ether fraction of Cresris ferrugmea fiuit

Contains among other consiiiuients, octacosanyl stcrarate and I-mynisto-2-stearo.

3- paimitin (Ogbechic er af., 1987) Phytochcmical screening of this also revcaled

the presence of flavonoids, combined anthraquinones s3fonins, tannins, steroidal

Blycoside (Opb=chic ef al, 1987) and @ novel isoflavone glycoside. afrormosin

7-o'bﬂa'f)-ﬂ.ﬂlﬂctosr.idc in the finil (Parvez es af, 1992y Forthermore, its

biO'OBical activilies were fnvatign‘ﬂ asn,iﬂS‘ diﬂ.ctcr" organisms and il was

UO5erved (har this compound has antimicrobisl octivity against Sp Ayfoconcus
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ureus and Fscherichia coli, but did not inhibit the growth of Aspergaliis mger

e (?émpohnd also had anlifiingal elfects against Candiddo alhicans (Parvez ¢t

F, 1992). Over a decade ago, extracis of rools, stems and leaves of Cress
'Wugfnca have been reported to have anti-bacterial activity (Boakye and
onning, 1975) and anticonvuisant aclivity (Declume e/ al., 1984)

Recent phytochemical studies on the leaves and roots of Cruesns
Jerruginea shows the presence of flavonoid and flavonoidal compounds, however,

their exact siruciures are yet to be determined (Oke er atl., 1999)

120 QUERCETIN

Quercetin like morin, myricetin and kaempferol belongs to a family of
polyhydroxyl flavones which are a subgroup of well.kmown natural antioxidant
Molecutles. Worldwide, it occurs in sonjugated or fiee forms in many edible plant

(oods (Hernann, 1976: IHarbom and Williams. 197S; Mabry and Ulubelen, 1980).

Qucrcelin has been repoited very widefy as a non-carcinogenic naturglly
OCcurming flavone (De Eds, 968, Sugimura, 1979). Some workers. however,

have Jemonstiaicd the mutagenicity and carcinogenicity of Bracken fern

(P'tericdin aqiilinum), & component of which is quercetin (Bryan and Pamukou,

1979, pamukoy e of . 1980). Quercetin has been shown to affect the growth of

lRnsplanied saycoma (Bohm, 1968) Aboul a decade ago, Yoshida ¢t al., (1990)

'poned i quercetin markedly . nhibits the growth of human gastric eancer cells
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blocks cells progression from the G; to the S phase. In addition results

ined fiom the swudy on mouse epidermis by the two-stage model of

[bzi’nog’mesis promoted by 12-0-tetradecanoyl Photbol-13 acetate and telocidine
Im&s that the inhibitory effects of quercetin on such cell growth may be
mcdiated by a blockade of protein kinase C (PKC), a known cellular receptor for
 such tumour growth promoters. This inhibilion was also found to be independent
| of Ca** and phospholipids (Feri et al.. 1989)

Studies carried out on the anti- free radical effects of quecrcctin Suggest
| W3t this action of guercetin may be related to a reduction in superoxide anion
: formation and/or with a direct scavenging of superoxide anions radical (Xic ¢z al.,

I 1989, 1992) Also, the protective action of quercetin in induced-cardiac

l arthythmias and acute cerebral ischema have been associated with the inhtbition

I of oxygen-free radical formation, the direct scavenging of such radicals and the

Mhibition of SOD inactivation (Xie er al., 1991, Feng es al., 1994). Futhennore,

: Quercetin has berm implicated in the inhibrtion of plételet sggregauon and

heabirrrimdueed incycgse in Ca®’ Conccmtration in bload platelcts. These workers
found that (he inhibitoyy effects on sych aggregation couid be reduced by adding

] in-induced
L QUM 10 the medium, whereas quereetis had a0 cffecr on thrombin-i
thet the inhibiloty action of

Mfacellyiar Ca?* selease. The resulls RigREH

Rergetin oq ion and the increase in Ca’’ Jcvels in platciets are mainly

%2 10 o inpuibition of Ca* influx (Xiso and Gu, 1995)
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-
|Hi|'arly, Quercetin inhibits the activilies of miscellancous enzymes

ng the ron-motive ATPases (La ampd Racker, 1974, Gu ¢/ al, 1994) and
athione S-transferase in a solilary bee, Meguchile rotundata (Frohlich er af
36)- Spec;ﬁcally. quercetin inhibited plasma membrane Ca’*-ATPase of human
throcyte tnside-out vesicles, although it inhibited the Ca**-ATPase of plasma
membranc “ghosts” with lower potcncy. Quercetin has been shown 1o bind

directly 1o calmodulin in a Ca’’-dependent manner (Wuthrich and Schaizmann,

1980)

EFFECT OF QUERCETIN OX HYI'ERGLYCEAMIA
Querceiin was shown in a study with aldose reductase 10 possess enzyme
m'."b"ﬂfy propenties with an ICyw of 0 i44 Umoli. (Mso and Zbang. 19‘93)

- Therefore, it may have futurc value in the prophylaxis and trestment of the

Complicaiions of diabetes

Anoiher enzyme siudy investigated the cflects of quercetin on Na'/K* -

ATPase activity in the Sciatic nerve of diabetic rals Iy was found thst sorbitol

ewels in gcintic nerve were markedly réduced by quercetin treatnieni. When

—_— i atic nenvie was significantly
Compared with conirols, Na'/K* -ATfasc In SCI0$IC R

16330 1y there was no significsnt change in the (Rositol levels, thas
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ggesting that the response to quercetin treatment is independent of the inositol

evels.in sciatic nerve (Mao and Zhang, 1995)

OF recent, Asgary ¢r of., (1999) in o study compared the relationship
Ibctwccn structure-activity of quercetin, rutin and kaempferol (flavonoids) and
- their inhibitory effect on haemoglobin glycosylation. Quercetin was found 10

possess the highest inhibitory potential on haemoglobin glycosylation, thus

supporting their probable use in the treatment of diabctic complications {Asgary

I ¢t al, 1999)

1.22 ORJECTIVE OF TIIE STUDY
Human haemoglobin demonstratcs marked heterogeneity mainly as a
consequence of post-translational changes due (o the non-enzymatic binding of

varioys carbohydrates in a process calicd Glycosylation. Glycosylation oocurs via

lh‘E'c'"08|0biﬂ molecule to form the schifl base conpound aidimine (Koenig ¢7 af.,

1977) which may undergo an amadori rcasTangement to form o stable glycated

ke10amine produci (Acharya and Manning, 1980) The extent of the reaction is

incw during digbetic hyperglycemia (Bupn ¢f al., 1981). A variety of

PTotaing are subject (o non —cnzymatic glycation and this is thought o contribute to

the 1ong-t1erm complication of the diseasc (Robins and Bailey, 1974; Renold e/ al.,

1978, West 1978 Valssarn ¢f o/ 1081) Mcasurement of glycated haemoglobin
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ven to be particularly useful in monitoring the effectivencss of thesapy in

i R .
s (Croldstesn, 1995). However, since the glycosylation of proteins is an

iy E

.

‘reaction, antioxidants should he able to prevent this reaction

dioxidants such as Nlavonoids are found in fruits, vegetables, muts, seeds, stems,

as well as tea, and winc and are impontant constitutents of human dict

']

:F_ bom. 1994, Soleas cr oof., 1997). These compounds have been demonsirated

e

:..(l_) affect a large vanety of enzymes
- () possess frec radical scavenging activity
(iif}  chelate cenain metal cstions
(iv)  have amioxidant propenties

(V) increase resistance of LDI- to oxidation

(W)  protect biomembranes agains! peroxidative damage
tion (Robak and Gryglewski, 1088,

B (Vi) affect cellular protein phosphoryla

Liv e of.. 1952: Harbom, 1994, Glitertog cf al.. 1997 Ushikawa ¢raf.,

1997. Fuhyinna ef al., 1997)

cirat plont used extensively in African

Chetis Jerruginea is a medi
Extracts of Crestis  fernuginea

ditions) medicine for 8 varicty of PUMO3S
antibacterial (Boskyce 8n

ulsant propestics (Dechinic et ol

d Xonning, [1978),
been shown (0 POssess

Welobial (Perver, et ol 1992), antlconv
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84) Recently, phytochemical screening of this plant showed that it contains
aorly polyphenolic compounds and mctabolites such as alkaloids (Oke and
!iimﬁur'ger. 2002). 1t is against this background that this study focuses on-
(1) determining the presence of ftavonoids in the leaf extracts of Crestis
Serruginca
B (1) assessing the probable mechanism of inhibitory action of Criessis

Jerruginea on haemoglobin glycosylation

Thus, considering the fast growing acccptability ol g!ycated haemoglobin
(Gth) by the Diabetes Control and Complications Trial (DCCT) as o simple
blood test that is highly predictive of risk for development and/or progression of
"?Mlnr and neusopathic complication in diabetes, the discovery of a new
drug (har could have direct accst on the formation of GHb would prov;de 0

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

Qe disease
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CHAPTERTWO

MATERIALS AND METHODS

COLLECTION OF BLOOD SAMPLES

30ml of blood was collected from 10 commercial donors of the University

College Hospital. Ibadan, The samples were collected in verncieci bottles

comain;ng EDTA as anticoagulant

2.2

PREPARATION OF HAEMOGLOBIN

REAGENTS

(i) 0.14M NaQl

8 18g of sodium chlonde (NaCl) (Hoplans and Williams. Essex,
Enj_zland) wns disso!ved in a little quantity of distilled water and made

upto 1dm® with more distilled water

(", 0‘0154 z'argp_:’mlc h"ﬂ;r g!l 7.4: _To make up this buller. the

following solutions were preparced

(@  oo0iM NmyHPO, 1211,0

0.90g of disodium monohydrogen orthophosphate dodecahydrate

(Hopkins & Willmms, Hssex, Fngland) w33 dissolved in litile quantity
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ﬁ'B‘fstflléd water and made up 10 250m! with more distilied water in a

250m| volumectnc flask.

0.01M KH,PO,

0-34g of potassium dihydrogen orthophosphate (i-1opkinsand Wiliiams,
Essex, England) was dissolved in a litile quantity of disiilled water and

made up to 250ml in a volumetric flask with more distilled water

(c) Sotution (b) was gradually addcd to solution (a) with continuous

stirting and the ptl was adjusted to 7 4 with 0 iM NaOll solution

PROCEDURE

Red blood cells haemolysate was prepared by the procedure of ASgary ¢/
L 1999 based on the priaciple of hypotonic lysis- The fed blood ceils were
Washed thrice with 0 140 NaCl solution. | volume of red blood cells suspension
43 lysed with 2 volumes of 0 01M phosphate bufler, pi! 7.4 and 05 volume of
2o yetnchiiide  The haemolysate was then ficed from the debris by

EMfigation ar 1500g for 1S mins at room temperaiure The haemogiobin rich

:.r _Clion (uppcr |aycr) W3S sepam(cd lnd dismﬂw inlo mmplc bollles for $|Om8e

2

[

Le10°C yniil tesjuired furvse
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"ESTIMATION OF HAEMOGCLOBIN CONCENTRATION

The hacmoglobin concentration (Hb) of a solution may be estimated by

y 01 scveral methods by measurement of its
b colour haemoglobin
- (i)  power of combining with oxygcn or carbon monoxide or

(ii))  iron content

is study, the hacmoglobin content of blood samples were estimated using the
drocedure of Drabkin and Austin (1932) bused on the dilution of blood in a
Oltion containing potassium cyanide and potoassium fetricyanide  Haemoglobin

d inert pigments such as mcthaemoglobin (Hi) end carboxyhaemoglobin

'1bl_j0) (but not sulphaemogiobin (Stb), were converted to hsemogrlobin cyanide

fCN)‘ The absorbance of the resulting solution was then measured in a

trophotometer a a svavelength of s40nm or a photoelectric colorimeter with a

elow-green filter (e g Hford 625)
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is the Drabkin’s cyanide — fenijcyanide solution or reagem (pH 86) It

ists of 200mg potassium ferricyanide, 50mg potassium cyanide in il. of
illed warer The diluent was clear and pale yellow in colour  When measured
ainst water as blank in a photoelectiic colorimeter at a wavelength of S40nm,

sotbance must be zero It was stored at room temperaure in @ browm

silicage glass bottle to keep for several months

REAGENTS

itRABKIN REAGENT: 200mg of potassium feiricyanide (J-T Baker Chemicai,

h- Phi"iprUfg, Nj) and somg of‘po[a;cfum cyanfde (] T Baker ChCﬂ'l!Cﬂ' Co

Phmil)sbq..rg. N_J) were dissolved in I hire of distilled water. The diluent. a clear

4™ pale yellow solution was stored at 100m temperature in & brown borosilicate

81ass hotle

FROCED K

20u1 of blood was sddeg to 4ml of diluent Afler stiming the soluhon was

o for 30 tmns to ensure compliaion of (he

Mwed 14y and at room temperdtus
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. The resvltant solution of HiCN was then compared with a standard

d a reagent blank in a spectrophotometer (Spec-Metertek — Sp-850) at

oncentration of standard/reference HiCN = vy

haemoglobf n concentration was calculated using the formula below:

I (gN)=A'5d0 of test sample X X Dil_factor

Asqg of standard 1000

2.4 PREPARATION OF METHANOLIC EXTRACTS OF Cnestis
Serrupiea

Collection and Auvthcntication of Plaat Matcrial

The leaves of (iesiis ferrugined were obtained from a forest in Mamu, 2

village in Oyo State. The samples wete autheniicated and identificd by Mr. TK

Odewo of 1he Ilerbarium, FOrest Research Instjute of Nigena (FRIN), Ibadan,

Oyo Siate

The fresh leaves of the plam were lhorouBny nnsed and sprcad on Lidys

¢ week 8t room iemperoture  The d

[ the powdered lcaves of (‘nesis

ry lcaves were
%d allowed 10 air.dry for on

'b]c"ded 0 powder and weighed 200g ©

Sigma, Chemigal Co,
g was soaked in 21, of methanol (95%6 V/v) 1EMA

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



59

1

;i a covered glass fluted container and kept in a dark room for 4 days.
I

e soaked material was then decanted and the filterate evaporated on water bath
L40°C unti] a dark greenish brown sticky substance was obtained. The weight of

he extract was calculated as follows.

]
212t of extract + crucible = x

weight of crucible =y
Weight of extract =x—y

The extract was stored in glasscontainer and left in a dessicator

TEST FOR TIlE PRESENCE OF FLAVONOIDS IN

.S .
METIIANOLIC ENXTRACTS OF Cnesits ferruginea

PRINCI'LES

Flayonpids are polyphenolic compounds which hasve frce radical scavenging

Pioperties. The radical 2.2 Diphenyl-picryl hydiazine (DPPH) was lirst used by

| f
Takao ¢/ al (1994) tc demonstiaie the prescnee of flavonoid componcnis O

Mnne bacteris present in fish and fiuits of the sca This test for flavonolids is

hydroxy] 8TOups which ac1 as cleciron or

baseq on the presence Of phenolic
-I')‘drogm donocs 10 quench electyon mobility in D1l and thus, intermupting the

I ' iplexes that
'(‘it'-'adiq] chain reaction (shahidi </ af., (1992) and forming conipiexcs

onof DPPHON viola backgrowd

the obyerved yctlow colornl)
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g cach of quercetin and methanolic extracts of Cuestis ferruginea,

' f) were suspended in 10mls of methanol The mixture was shaken vigorously

owing which a capillaiy tube was used to apply aliquots of the mixiure as
J the aluminum coated plate about, 10mm away from the hottom of tie
plate The site of the spot was carefilly labeled and the plale was ailowed to diy
If,  The plate was immersed in a tank containing the miobile phase
lacetate: formic acid: waler, 85 10° 5) and allowed to develop until the

dvent fiont had moves etb about Imm to opposite the edge of the aluminum

Oated plate

The plate was then allowed to dry and viewed under UV light at 365 and

'1‘.' M. The jluorescent bands were marked at those waveltngths and the ’)'ﬂle

Wis spraye| with D]phenyl-picwl-hydml’l reagent (10mg/10m! methanol) using

--.. ifmyiﬂs gun ‘The plate was left to diy and later scanncd in a computer

Quesbtin was yscd as the standard flavonoid (Cucnder ¢/ af. 1997)
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2.6 I(-:)l.l.'-\'N'T'lI?ICATION OF TOTAL PHENOLIC COMPOUNDS 1IN
METHANOLIC EXTRACTS OF Chestis ferruginea

REAGENTS

EOLIN DENIS REAGENT

Folin Denis reagent was preparcd by a slight modification of tlic methods
of AOAC (1970).

20g sodium tungstate (Hopkins & \Villiams Lid, Essex, England), 4g
phosphomglybdic acid (8.D.H., Laboratory Chemicals Division. England) and
10ml Orthophosphoric acid (Hopkin & Wilhiams Lid, Essex, England) were added
[0 150ml distitled water in a redox reaction {lask  The mixture was refluxed for 2
hrs 1 the presence of antj-bumping granules (BDH Chemicals: Poole: England),

¢ooled and diluted to 200m! with distiiied water

Catechin: {0.2mg/m}

2ng catechin (Sigma Chemical Co USA) was niixed with dml of djstilled

Waler and the guxture svas wammed (O facilitate complete dissolviion  The
N 5

Solution was coolcd and made up to 10ml with distilled water and used fresh
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iurh Carhonate (Na2CO;)

Sg sodium carbonate (Hopkin and Williams, LEssex, England) was

issolved in about 45ml distilled water and shaken until completely dissolved

The solution was made up to S0ml with distilled water.

PROCEDURE:

—_

The total phenolic compounds in methanolic extract of Crestes ferruginea
Was quantified by using a modification of the method described by Gow-chin Yen
and Pin-Der Duh (1994). O.1ml of methanolic extract of Cunestin ferrugmea
(Img/ml) was diluted with distilled water (2.25ml) and 0.25mi of Folin Denis
reagent added

The mixture was thoroughly shaken, 0.5ml NozCO» was added 3 minutes later and
finally made up to Sml with distilled water. The reaction medium was allowed ©0
sand for 30 minutes with intermittent shaking while the blue colour was

develbping The zhsorbance rcadings werc taken with a spectropliotometer

(photomech 300.D°) at 390nm Catechin was used as siandord The conccairntiof

Of 1618 pi; caolic compounds in the extract was extrapolated from the standard
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n Curve

in | Conc. of (mg/ml) Conc. of Extract | *390nm
| (my/ml)

0.000

__0.008

0.016

0.024 <

0.032

0.040

0.02

ch experiment was run in triplicates

r
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ESTIMATION OF HAEMOGLOBIN GLYCOSYLATION

PRINCIPLE

Non-cnzymatsc glycosylation of protein e.g haemoglobin occurs by direct
reaction between reducing sugars and primary amino groups in proteins. The
¥eaction is slow, continuous, and irreversible and proceeds through a schiff base
adduct followed by an amadori rearrangement to yield a stablg ketoamine

derivative of protein as described by Day ¢f al., (1979) and furiher substantiated

by Goldstein ¢r /", (1995)

The amount of glycosylation was measured colorimetrically by a slight

medification of the method of Asgary ¢ af., (1999).

REAGENTS

0] 0.01M Phosphate bufler pli7.4

This was prepored as described in section 2 2 Subsection (i)

(i) This was taken from the stock prepared in

Haemaoglohin sulution:

Scction 2 2 page 54

[RAD
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Glucose solution: Diffeerent concentrations of glucose were prepared
by dissolving 0.2g, |g and 2g of D-glucose (Hopkins & Witliams Ltd
Essex England) in 100ml of 0.0iM phosphate buffer pi{ 74 and

diluting the stock to the desired concentrations

PROCEDLRE

1ml of haemogilobin fraction and Iml of the solution containing ditfierent
tonceotrations of glucose (0. 2g, lg, and 2g) in 100m] of 0.01M phosphate bufYer

PH 7.4 were incubated at room temperature for 72 lus.

A lest control was also prepared without glucose. The hazemoglobin
oncentrations of the test and control tubes were estimated ai diferent incubation
Periods (0, 24hr, 48hr, and 72hr) as described in section 2.3 page 56 This
Esumation was used as the index of measurement of hatmoglobin glycosylation

s"“ple and b'anks were prepa'l'cu in dup]icates

” ASSAY OF TIE EFFECT OF METHANOLIC EXTRACT QF

Chesyjy Jerruginea on nAEMOGLOBIN GIACOSYLATION

P RINCIp;

The degree of haemoglobin glycosylation was measured colonmetrically

Lsligh, odification of the methods of ASgary ctal, (1999) Itis based on the
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carried out in vitro and the residual liaemoglobin level estimated

metrically by the method of Drabkin and Austin, (1932)

Haemoglobin solution: This was prepared as earlier described in section

22 page 54

Glucose (3g/100ml): This was also piepared as ealier discussed in

section 2 7 page 65

Quercetin () 0| g of quercetin (Sigma Chemical Co USA} was

dissolved 1n 100mi of mcthano) and different concentrations prepared

N from this siock.
. ' l
Mcthisnotic extract of (mmm_&ﬂﬂ 0 lg of methanolc

et of Cnf was dissohved 0 j60m) of methandd and deswed

conceny ations dispansed from N
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ROCEDURE

Iml of haemoglobin solution, 1ml of (2g/I00ml) glucose solution and Sul
of gentamycin 1n 0.0 1M phosphate buffer pH 7 4 were mixed and incubated in the
dark at room temperature in the presence or absence of varying concentration
{1038, 20412 or 30pg/mil) of quercetin or C.nf respectively. The haemoglobin

concentrations at the incubation periods (0, 24, 48 and 72 tus) were estirnated
colorimetrically at S40nm by the method o f Drabkin and Austin (1932) as

described in section 2 3 page 56, The assay was camed cut in duplicates

DETERMINATION OF THE EFFECT OF METHANOLIC
EXTRACT OF Cnestis ferrugined ON NAEMOGLOBIN

GLYCOSYLATI®ON IN THE PRESENCE OF PHYSIOLOGICA L

CONCENTRATION OF ( < Lmg/ml) GLUCOSE

REAG ENTS

{2) Hacmoglohin solution: This was prepared as earlier descnibed 1n Section

2 2 page 54

Wl Quercetin:  This was preparcd as el lier described in Sectron 2 8 page
66
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Alethanolic_extract of Cuestts ferrugmea.

—_— ——

: This was also prepared
“acce rd.';i‘ﬁg to Section 2 8 page 66

- Glucose:  Dyfferent concentrations of glucose were prepared by
dissotving the following amounts of glucose (Img, 2mg 4myg, 6mg, Smy,
l‘bmg. 15mg and 20my) (Hopkin & Williams tad, Essex, |_ondon) in 20m|

each of 0.01M phosphate bufferat pH 7 4.

PROCEpURE

Iml of haemoglobin solution, Iml of glucose solution and Spl of

.:- iBycin in 0 01M phosphate buffer pH 7.4 were mixed and incubated in the
4 room gemperature in the presence or absence of 10pg. 2014 or 30ug/ml of
WEICEtn or Cresys ferrugineo respectively  Different concentrations of glucose
ng 2mg. 4mg, 6mg. 8mg, 10mg, 15mg and 20mg in 20inls each of 0.0INI
Mhnc buffer, pH 7 4 weie used Hzemoglobin conccntrations were estimated
E:Z‘MY 'hfoughoul the incubation period (72hrs) as an index for measuning the

Seee of haemoglobin glycosylation Assay was carried out in duplicates  And

]

T Abso;hapce read a1 $40nm colorimeincally according to the procedure of

~"%0kin apg Austin (1932) as earlier described 1 section 2 3 page 56
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110 ASSAY OF THE EFFECT oF Cnestis ferruginea,

¥
QUERCETIN AND VIT. E ON ITAEMOGLOBIN GLYCOSYLATION IN

CONTROLLED AND UNTREATED DIABETIC PATIENTS.
Collection of Blood Sample

(a)

i0ml of blood was collected fiom 20 patients at the Medical Ouspanent

Depanment (NMOP) of University College Hospital  The patients were
sclected based on whether they are newly dtagnosed, untreated or well
managed, treated patients. Their fasting blood sugar (FBS} and 2 hoyr
postprandial blood glucose levels were used o assign them into 2 groups
labeled, Djabetic (FBS = 163 Smg/d!. 2 ilrpp = 298.5mg/dl) and Digbetic
control (FBS = 83mg/dl: 2 Hipp = 120mg/dl). Verbal consent was sought
fiom the patients before collecting their blood samples in EDTA -
contatning vernoject bottles Hoemoglobin solutions were prepnred fiom

these blood sagin)-s os described in section 2.2 page 54
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Quercetin (Q) This was prepared as described iu Section 2.8 page 60

et of Cuestiy ferruginea (C.nl). This was also prepared

~ asdescribed a1 section 2 8 in page 66.

v pbﬂ-Tocoglncrol (ViL E): This was purchased from Wako pure chem:cal

Etd Japan (98% purity; Sp. Gr=(0.948 - 0.960)

Il' ROCED URE
|

To Im) each of haemoglobin solution preparcd from blood samples
tollected from the 2 groups of patients was added Sl of gentamicin m 0.01M
30sphate buffer, pH 74 The resulting mixture was stirred and incubated ut the
Sark o f0Om temperature in the presence of different concentrations (10ug, 20ug
‘ 30ug/m?) of quercetin or exiract of C.nf_or e-tocopherol  The incubation
Pod uag 75 hours and haemoglobin concentration was estimated 24 hourly gs
f'_' Index for measuring the degsee of hemoglobin glycosylation using the method
I-i‘ Daabkin 2nd Austin (1932) as descnibed 1 scclion 23 page 56 The

- *Imei! was casried out In duplicates
|
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TICAL ANALYSIS

)
ﬂ - :lxp-lgassed as mean absorbance x SD of at least three separate
fiments. Statistical analysis was performed by a one- way analysis of

T -

> (8 - v"\, us" ng the SPSS software version (SPSS [nc. Cbicago. H..)

Graphs were plotted with Microsoft excel on windows version
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. CHAPTER THREE

EXPERIMENTS AND RESULTS

RIMENT I: 7est for the presence of fluvonoids snd

timation of total phenolic compounds in methanolic

\tracts of Chestis feruginea
INTRODUCTION

Bvwoaoids yre polyphenolic compowrxds which have free radica! scovenging
XOPies. Tl radical 2.2 Dipheoyl-2-paany| hydrazine (DPPH) was st used by
80 &1 al, (1994) 10 daroasric the peseace of flavooid componcnts of
W bactcris resco in fish and buits of the sea. The DPPIN 1ot provided
NIMION 0g the remctivity of ot comgocnts with 3 stable free radical. 2.2
Yl-picryl-bydrazyl cadical (DPP3I} gives a sitrong absorptwon band af
17, 0 Vigible @xtrosgp) (dap vokt colowr) bocsuse of ds ok clectron,
4 shmmmogmmmmhﬁumlknlmwmes
the absorpues venishes and the resubing decolowiston

‘ﬁm'mmurmuiﬂrirhmmmwﬂtﬂlh: of o,
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le 2: DETERMINATION OF PERCENTAGE YIELD OF
METIIANOLIC EXTRACTS OF Chnestis ferruginea .

‘ Weight of Weight of Solvent (ml) Yield %)

powdered Extract {g)

= _| leaves -

-0id Extraction | 200g [ 10.16 2000 508 |
Y P —_

Table 3: pSTIMATION OF TOTAL PHENOLIC COMPOUNDS IN
METIANOLIC EXTRACTS OF Cnestis ferruginea

e

V9Ceniration of Absorbance values | Concentrations of phenotic

Snesiis forvuginea (390nm) :ompc?und in. Extract of
mE'ml) Cnestis ferruginea (mg/ml
/.

"‘iﬁ;F-?S

0.337 £ 0.0007 _ 100175

e —

Fachvalue is the mean + stundurd deviation, n ™ 5
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Fig 5: Thin Jayer chromatogram of methanolic extract

of the leaf of Crestis ferruginea in (Ethylacetate :
formic 4cia- water: 85: 10: 5) A = Cnestis Jerruginea,

= Quercetin (standard).

pApAN UMVERSITY LIBRARY
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ERIMENT 2:  ASSESSMENT OF T IIE TIME-DEPENDENCE O

AEMOGLOBIN GLYCOSYLATION

TRODUCTION

I Ezvre-caralysed protein glycosylation is puticularly important in the
SmiCiEnce of plasma membranc inlcgrity and in fuscilitating the sceretion of
5 into the extracellular spaces (Gallop < al, 1975; Uy ond Wold, 1977).
P U comrary, gnain proleins c.g. haemoglohin undergo a non-cazymatic
C0s) ixtinn which depends on the preserer of a high concentrition of free sugar
d Quite ofien 1ITquires pon -physiologic incubation conditions (Bunn er al., 1978)
S rulting o enation of compounds sch as glycosylated or glycated

“0810bin (GI1b), (Alkcn f af.. 1958, Rahbar 1968. 1969)

| Almoa (40 dexades ago, Iwo groups in their indeperulent studies on the

e ool 8gz-reinted chmigs io Hbay.e and e in noninal and diabetic subjcch

4 -

b U3 glyeoeyision of besneglobia occuts slowly, contirwously pad

arhy arevercdyy throughout the 120-dsy life 11mc of the tad cell. ITcrefore, the

Ne ]
I Rt paind of glycemia, the lper its nfluenas on glycated

R LGI) valuc (Fisgibboas ¢f al., 1976, Tahars and Shima, 1993)

- findings formed the basis of this preliminary study which was designed to
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globin glycosylation in the relation to glucose concentration and

[ incubation. IHacmoglobin glycosylation is mcasured by determining the

L of lrcc hacmoglobin following the exposure of the hacm protcin (0
thereby encouraging non-cnzymatic glycosylation of the protein. in this
d}! the level of the hacmoglobin conccntrution is used as an index of
welobin glycosylation. [n this instance, the lower the amount of fiec

cmoglobin, the higher the cxtent of hacmoglobin glycosylation.

ROCEDURE

Blood sumples were collected from commercial dorors in the University
olkke |Hospital, [badan, Iiacmoglobin rich-fraction was preparcd from the
mples as described on page 54. 1 lncmoglobin concentration of the fraction was
| estimated os contained on page S6- 1 ml of the haemoglobin fraction was

ubated with Iml cach of solution containing vorying glucose concentrations

-2g. g and 2g per 10om! 07 0.01M phosphale buller ptl 7.4) in the dark it room

alure for an incubction peried 0 r72 hrs. The cxtent of glycosylation was

= . . ibed
IMatcd a1 varying incubation periods (0, 24 48and 72hrs) as described on page

S‘ EaCh cxpcrimc’“ WaS mﬁicd out in dupliwlc&
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Table 4 shows the data obiained from cxperiments on the determination of
cctof increasing glucose concentistions on hacmoglobin glycosylation a1
ying periods of incubation. As can be seen from lhe Table, cxposure of
oglobin to varying concentiutions of glucose (2, 10, 20mg/ml) reduced free
welobin to vatying extents throughout the incubation period of 72brs. For
2mPle, al 2mp plucose/ml hacmoglobin concentration was reduced fom 15, 14
1.765p/dl to 8.00 + 0.750 by the end of the incubation perwod of 72brs.
imitarly, hacmoglobin conccniration was reduced to 11.25 + 1.103g/d] within
% lirst 24brs o fincubation with 10mg glucose/ml. By the end of 48 und 72lus

ubajion period, the hacmopglobin concentraticn hud been reduced to 6.75 +
702 a1y 5.10 + 0.602g/dl respectively. On incrcasing the plucose concentration

W fold (20mg glucosc/ml) hacrmof lobin conccntrition wWas lowcred Lo 9.65 +

!9538’(“ wilhin the first 24hss of incubalion. Furthcrmore, the concentration of

globin reduced to 6,10 + 0.652 and 4.20 £ 0.453¢/dl at 1wncubation periods

8 and 72hrs respectively at 20mg plucose/ml.  Fig. & 1s a graphicsl

Prenistion f the relatjonship between hacmopglobin glycosylation and the

;:“ﬂllmion time in the prescnce of varying concentrations of glucose. The figure

W thay hucmoylobin glycosyhition nercuses lincasly with the amnbient glucose

%'%mmiun.
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Mo bin .'.g'l_ycmy_lqtim incrcases lincasly with the
ca cntration dependent manner up to 20 mg glucose/ml

red to be saturated.
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ependent G Ivcosylution of Humsn |

|

Period of
Incubation (hrs)

HAEMOGLOBIN CONCENTRATION (g/d)

Glucose concentration (mg/ml)

k 0 2 10 20
& 24 15152 1.765" |13.56:£ 1.461° | 11,25 51.103° 9.650 + 0.953 "
L 18 | 15,10 £ 1.765" 1026 £ 0992° | 6753 0.702 6.10 % 0.652
L 72 l:s.n + 1.578* | 8,00+0.750° | 5.10 +0.602° 4.20 £ 0.4531

Each value is 8 mean of 10 differcnt estimations £ standard deviation.

2-j Means in rhe same row cartying the same superscript are not significantly different (P > 0.05)
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RIMENT 3: INFLUENCE OF QUERCETIN AND EXTRACTS OF

IS ferruginea ON  1IUMAN  HAEMOGLOBIN

YCOSYLATION

Haemoglobin glycosylation is un oxidative rcaction which occurs slowly

circulating rcd cells. It is a non-enzymatic condcnsation of iwo abumiant

nis — glucosc and hacmoglobin (Goldstein, 1995),

Scveral studies have implicmcd increasc in lwcmoglobin Al 1n paticnts

With diabetes mecHitus (Huisman and Dozy. 1962: Rahbar 1968; Kocnig and

Cmmi, 1975: Kocnig el al.. 1976; Goldstein, 1995). Ncarly a decade passe

beforc o flurty of clinical studics showcd iho! the increascd proportions of HbA e

M dintreg i oo . . dex of plycenuc control over the
!Ii(hnh:"c pat ients coutd be usce! as 2 relmblc indc Bly

m’mcding 6-8 wccks (Gabbay e al., V977). Further studics dcnonstrated

] 2 - * ch
teclation of glycaied hacmoglobsD with other indicators of digbetic control su
- ccts™, (Koaug o al.,
S 24br urinary glucose excretion, plasm? glucose brackets™ ( g

the C
1976), daily mcan plasina glucosc (Gonen o al., 1977) ond arca ukicr the curye

°f the ghucose (olcrance test (Koeng ¢/ al., 1976).

' ]

e of glycated hocmoglobin Was ropidly 4ceP
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‘workcrs because, for the first time, they had an appurently simplc 1oo]
uld give a completely objective asscssment of a patient’s glucose conlrol

in ez al,, 1986; Kilpattrick 1997). ‘Therclorc, measurcment of glycated

ins, cspecially hacmoglobins is now a routine procedure for monitoring

vios glyccmic control in  diabetic patients in thc developed world

icnbeck, 1998),

Qucrccetin is u known favonoid wilh unticancer, anslgesic propcitics, anti-
radical, cardiovascular activity and cfccls on the complications of
‘iglycemia (Ranclleits ¢f af,, 1992; Yan ef af., 1996; Mao and Zhang, 1995,
oulogalis ¢f gf.. 1999). Just rccently, the antioxidant activity of qucrcclin WaS
"”Elicatcd in the (reulment or prevention of complication of diabetes because it

whibited hacmoglobin glycosylation (Asgary e7 al, 1999).

Nowadays, a grent deal of glicntion is being dirceted towards the

.b.l)ac{iyily of ﬂuVOHOidS os diciay SOWCCS of antioxidants. The dmly wcsicm

el averagely contains approxitnately 18 ©of mixed flavoooid, (Kuhnau, 1970)

[ | 2 l' m .
antity ¢hat counid producc phnrmacolostcﬂ")’ of signilicant conccnlrlions in

: . reported [0 have o
MY- fluids ned (issucs, Meanwhilc, flavonoids have bocn FEPO

- %I [ (n2¢ sudical
Myviads of biological clfccts on cneyncs sugices [UNREFRE SIS

' ] incrcased eesistanee off
“-"fuging acivily, chclation of ccttain mictal cations,

. | . 5
910 oxidnyion, protection ogninst peroXidative donuge to blomembrone o
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rotein phosphorylation (Robok and Grygicwski, 1988; Liu es af., 1992:

m, 1994; Glilcitog ¢t al.. 1997; Ishikawa ¢f al, 1997; Fuhiman er al.,
). Ihese propertics may elicit pharmacological responses resulting in the
tion of novel drugs. For this rcason, extracls of Crestis ferruginea with
k¢ or no documented pharmacological information was chos¢n in this study in
der 10 assess its possiblc inhibitory cflcct on haemoglobin glycosylation. [nthe

vein, qucreetin was used as the control drug,

PROCEDURE

This ¢xperiment was designed to compdrc the elfect of quercetin and

SI)OOSYLTIiOH over an iﬂCUbﬂliOD p‘riou of (24-72) hrs. Il of hﬂcmgIOblﬂ

| i ticd with
Pctians prcPared as described in the section 2.2 on page 34 were AedtEA

' bufier pH
1% of e e concentration of glucose (20mEM! 1" 0.0fM phosphatc bufierp

. plycosylation 08 reported in
") that gave the highest level of hacmoglobin EBEOSY

X | in the presence or
Sperimen, 2. T mixture Was kept in the dark ot 2TC ¢ P

] ofqucrccgin or meclhapolic €xtracts of C.nf. The

e o1 (19, 20 and 30) pg/m o |
od in g/diui the diferent incubation

Aoy, of residua) hocmoglobin (Hb) mecasul

ylation by 0 modificotion of the method of

%'w“ used as an index of glyco
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ESULTS

Fig.7 and Tablc 5 show the cffccts of varying concentration of queicctin
'mclhanoiic cXtracts of C.nf on hunmian hacmoglobin glycosylation after 24, 48
M 72 hrs of jncubation respectively. The results obtoined indicated  that
2emoglo bin levels increoscd on  incubation with  these  antioxidants.
f¥nlermore, the resulls showed that the increase wus observed ot all the
S€enlitions of the quercctin and extracts of Cn.f (10, 20, 30) pg/ml used
Shevtive of the incubation period. For cxsmple, whik incubation with
Drag/m) glucose cuused glycosylation of hacmoglobin by about 72% afcr 72 hrs,
TS ing concenirations of qucrcctin fesulted in an inhibition of glycosylation in

& Coneeniaion dependent manner. [0 this regord. the longer the incubation

*10d, the grcater the cllect of the antioxydent 0N the process of glycosylotion

Ao i higher the concentrution of the antioxjdent the gieater the cxtent of

“lion of slycosylation, In general the © fTect of Quescetin wus highest afler 72

: -orincuh’“-on' The dchcc of iﬂhibilion using {0, 20, and 30 'lg/ﬂ!' qucrcetin

"y 10, 33, and 25% respecrively. Similurly, methunolic cxtract of Cn.f
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CONCLUSION

e inhibitory activity of qucrcctin and exiracts of C.nf on humun
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Conparutive cffc

Tnplcs 2
yman ! bin Gy cosylitiop ac v

rying Pcriods of

/ Haemoglobin concentration(g/dl)
Concentration of flavoncids (ug/ml)
Incub. ! +Gluc Quercetin ’ Cnestis ferruginea
Period | Control |. S ﬁl |
| (hr) ", 10 I| 20 \ 30 10 20 30
L | 11 | | |
|24 \15.1411.765"‘9.63:!:1.07011.20:!:1.22'4\12.60:1:1.3" |13.5041,40° | 11.10£1.14" | 12.041.3° | 12.8041.40"
I. (36.4%) | (26%) (17%) Ill (11%) (27%) | (18%) (16%)
48 -115.1011.159'6.00:0.786 10.60+1.1* '11.1011.12'}1.6011.30" 10.40+1.1° | 11.0041.20° | 11.3041.20'
'1: | 1'. (60%) | (29%) (27%) '! (23%) (31%) (27%) (25%)
| 72 115.1111.752% | 4.1940.520 | 9.14£101" 110.20+1.0" | 11.30+1.25' | 8.9540.95% | 10.4041.1" |10.70:1.12'
| (72%) | (40%) (33%) _[125%1 1 (41%) (31%) | (29%)

Each value is a mean of 10 different estimations * standard deviation. Gluc = Glucose

{ ) Valucs in brackets represent the % of haemoglobin glycosylated in the presence of 20mg/ml giucose.

E Not significantly different (P 2 0.05)
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RIMENT 4: EFFECT OF QUERCETIN AND EXTRACT OF C.nf
MAN IAEMOGLOBIN GLYCOSYLATION IN THE PRESENCE

PIIYSIOLOGICAL CONCENTRATIONS OF GLUCOSE (< Img/ml).

RODUCTION

The findings that C.nf inhibited hacmoglobin glycosylation and mtmicked
betic state "'in vitro ' (experiment 3) has stimulated firther studies on the effect

this flavonoid-rich extracts on human hacmoglobin glycosylstion in the

Presence of physiological concentration of glucose (5 | mg/ml).

Although glycatcd hacmoglobin had previously been descnibed in no

'ﬂiﬂh‘ﬁc

adults, it was prescnt in much smaller pi opostions in comparison (o
ditbetic patients (Schnck and Schrocder, 1961). In vicw of the foct thot glycated
h“'mgIobin speeics represent abow 5.7% of the totol haemwglobin in non-
'fébetic adults (Bunn er «f. 1978; Jomes ¢t dl., 1981 . Little cf @l.. 1991), it is
Penliiens 40 determine 1he extent of inhibition by C.nf of the glycosylation of

lz)t"""g'Obin in the: presence of physiologics]concentations of glucose

PROCED 1

Inil hacmoglobin roction, prepased from blood samples collected from

m%cial donors o fthe University College | lospital was incubsited with I nil of

' the stocks prepaed as
€ solution (ranging from 50-1000pl) token from 3P
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age 68. The mixture was incubated in the presence or absence of
oncentrations {10-30) pg/m) of quercetin and extracts of C.nf as well as
amicin to Prcvent microbial growth. Incubation took place in the dark
* 1°C over a period of 72hrs. Hacmoglobin level was estimated as

d in section 2.3 page 56 ut the incubation periods of 24, 48 and 72hrs,

LT

The cffects of varying concentrations of quercetin and methanolic extracts
Cnesiis ferruginea on hacmoglobin glycosylation were investigated in the
€ of physiological concentrations o f glucose (s mg/ml). Table 6 shows
% ellect of J0pg qucreetin and 10pg/ml cxtracts of C.nf. From the table. it can
Secn that (here 8 no significant glycosylsiion of hacmoglobin at varying
"Citrations of glucosc up to 1mg/ml. Indeed. 4% inhibition of glycosylation

Sobscryed e 24hr of fncubation with Img/ml glucose, while the extent of

4

h_‘!'bllion increased fyom 5.5 1o 7% after 48 and 72hr of incubation respectively:

Cnm'trscly. 10ug/ml quercetin did not allow hacmoglobin 8lycosylation even

- . ermei
lﬁ# Rhs of incubgiion. Stmilar jesulls were ObSCf\'Cd with Cﬂe&'ﬂ’/ iginea.

bs ' d Chnestis ferrugineg
R Dug/mi quercetin and 30pg/ml Quercctin o0 ¢

. ) ' T substance
I’l‘“ bvely, the extent of prevention of BlycosY Jution was total. Lhesc :

¢ after prolonged hours of
™ allow glycosylation fo take place gval

tion (Tablcs ¢. 7 and 8)-
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inhibited human hacmoglobin glycosylation in the

concentrations of glucose in a concentidtion dependent
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DA

a/ml mcthanolic cxtract of Crestis ferruginea and 10 jip/ml quercetin on hu:mb‘gl i
-tln pmtnd' of physiolopical glucose concentrafion (S [ mg/ml)

il

Hacaicglobin Concastratica (2'di)

~IFCTRD

Conlrol +quercetin (Lig/ml) +C. ferruginea (pg/ml)
1 1uhrs) Y | T2(hes) Uives) | 43(hr3) 22(hcv) 24(bes) “u’{ln; | 72(hry!

o 1S.1S41.610 | tS.1341.550 | 1S.09241.510 | 15.2141.5830 | 15.1621.518 % 1S.1941.521 | 15.2041.521 | 15.1541.5820 | 15.1841.822

‘ 190 1S 1020498 | 14.9641.499 | 14.763.1.485 | 15.2041.629 | 15.1941.520 | 15.2011.522 | 15.192(.522 15.1821.519 | 151921624 |
\ 200 \u.snt.ﬂo 1 48521490 | 14.6041.502 | 15.4941525 | 15.1941.520 | 15.1821.519 | 15.1821.520 | 15.5041.529 M

\ o0 \I‘Mi_!._m | 147741435 | 14.5121.493 | 151621526 | 15.1721.522 | 15.1721.520 | 15.17£1.521 1S.1841.522 | 15.1821.522
\ e \ 14.37641. <20l[ 14.65¢1.472 | 14.4245.505 | 1S.1741.524 | 15.1621.529 | 15.1721.522 | 15.1621.524 | 15.17£1.520 | 15.1721.520
“©0 ljl.‘9ﬁ|.47| 14.57£1.605 | 14.3141.452 15.1511.518 :_15.1511.521 15.1S41.519 | 1S.1441.520 | 1S.16+1.519 | 15.16£1.520

TS0 ll‘.‘ltl.-‘?l 14.2611.465 | 14.2041.445 _Ll‘ 9841.520 | 15.1041.521 d,_lS.lOi'.SlS 14.9741.499 [ 1S.1121.516 | 151021.51)
1080 l 1454216001 | 143641.443 ' 14.10£1.393 lll 9520.502 | 15.0021.520 | 181041.516 | 14.9411 501 | 15.00£1.515 |5.t‘i‘|.5|5_|

Each vaioe i1 a2 mean of 10 different estimations £ standard dev lation.

Valars are sot srgnificantly diffecent at (P 2 0.05)

Glue = Clucose
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Hacmoglobin Concentration (g/dl)

Effect of 20;:g/ml methanolic extract of Cnestis ferruginea and 20pg/ml Querccsin on
glvcosylation in the presence of physiological glucose concentration (S 1 mg/ml)

Control +quercetin (pug/ml) _;_ +C. ferruginea (pg/mi)
Glug. | 24(br) 48(hr) l 72(br) 24¢hr) 48(hr) 72(hv) 24(hr) 48(hr) 2(hr)
 (iig/mi) 1 | | —
S0 | 151611521 \ 15.14£1.522 | 15.1040.521 | 152241.552 | 15.15+1.522 | 15.18£1.532 | 15.21£1.530 | 15.16£1.523 | 15.19+1.192
h ! | \ uf| I | | | i .
\ 100 i1s.1141512 \ 14.9111.503\ 14.7711.483\. 15.2 141 541 L 15.18£1.531 | 15.21%1.545 | 15.2041.541 l 15.19+1.531 | 15.18+1.532
| :
\. 200 14.95:1501\., 14.88+41.491 ll__ 14.6111.473 '.T 15.1911.5:32_*_l 15.1741.540  15.19£1.521 | 15.1941.549 15.1841.521 15.1041.520
\ 300 | 148741.492 \1 143041501 145241.463 | 15.1821.543 | 15.16+1.52 | 15.1741.532 | 15.18£1.532 _15.1741.513 | 15.16£1.531
\ 400 | 14.79£1.493 | 14.7241.482 1’. 14.4111.45@15.17:1.534 ;IIS.IS}.ISO 15.1821.534 | 15.1741.522 | 15.1541.521 | 15.1541.532
\‘ S00 | 14.7141.471 1 14.6421.473 ; 14.3011.431i1s.|511.5nI' 15.1441.520 | 15.16£1.522 | 15.1541.520 ' 15.1421.520 | 15.13+1.521
Lvso _14.6421.462 | 14.55+1 464 'r 149141420 | 15.0041.522 I: |s.1ox|.szol 15.00£1.512 | 14.9741.501 | 15.1041.511 | 15.1141.522
l 1000 | 14.56+1.501 ‘ 14.45+1.452 | 14,0941.413 | 14.9641.502 | 15.0041.511 | 15.10£1.521 | 14.95+1.500 | 15.00+1.510 | 15.1041.521

Each valie Is 2 mean of 10 diiTerent estimations € standard deviation. Glue = Glucosc.

Values are not significanily difTerent at (P 2 0.05)
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Effect of 30ug/ml metbanolic extract of Caatls ferruginea and 30ug/mi querceiin on haunbg;éb'iri
ghcosylarion in the presence of physiological glucose concentration (S | mg)

llaemoglobin Councentration (g/dl)

- s c—
Ml

Glu¢ ‘ Control +quessetin (Jug/m?) l +C. fervugines (Hg'ml)
plugm)

| 1 .:
11 s 24(br) 1 is(br) ‘i 72br) | 24(br) 1 48br) | 72{br) IT 24(br) $8(hr) T2(hr)

\ 0 18174181 | 151501502 \ 15.1021.5S1 \ 18.224] s-u\ 15364152 | lS.lS:tl.SleSJltl.SIl 15.1421.521 ' 15184).53

| | | :
\ 100 | 181714} &ubt 149811). 492\ 14974} 512115.1011 S11 | 1£1721.92 | 151941.521 | 15.2041.5841 1151721520 15.2021.542_
' [ 1 1 - ‘ i
\ 200 ‘ 149311501 | 14.89+1.487 _Ll%SGtIASZLI" 13:1.521 | 151821821 | IS.ISiI.BIJ 1£.1941502 | 151841531 | 1519¢1 .41
: h

1
| 300 M.&’n.L-GZH 1430%1. 481+ll.§ltl.521 _TIS.I%I 520+15.l711512 | 151641512 | 15.1811.524 | 151621.52) lS.ISiIéJl
\

400 147741481 | I-‘.?I!tlA'?Sil-tAOtl 452 | 15.18+1.521 1 151521 523115 1611523 I 1517141521 | 151541. ‘lll 15.1721.822

| | 1
. SO0 ]14.70%1.482 H 14.6311465 1 143141443 | 15.1621.222 | 15.1611531 151541513 15.1611523 1S5.1421 51 % L 15.1641.520
|

750 I-l.GﬂA?Z 145411.60 ! l~§ 1821421 | 15.10£1.514 | 1S.1121.521 | 15.1241.502 | 15.1021 S02 l lS.IOtl.mI_I_lS.lls_j 12

[ 1000 jl-l..':Stl.GOl_LNMﬂ €03 | i4.0821.413; 14.98+1 'ozlls.lwlsuj_lsuﬁ lO_I_lSJOiI aol_l_ls.nou <|2_|_lsuo:| S

Each valoe is a mean of 10 diff=rent estimations £ standard deviallon Gluc =Glucose

Values are aot significantly ditferent at (P 2 0.0S)
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MENT 5 A COMPARISON OF TUE ACTIONS OF Cnestis

'?.nea,
Jﬂ QUERCETIN AND  VIT. E ON HAEMOGLORIN

OSYLATION N DIA BETIC PATIENTS

‘TROHLCTION

Dclection of glycuted haemoglobin (GEIb) in blood is fast becoming the
c hu’omlly cstablishcd mcthod of assessing long-lerm glycaemic control in
Wuals with digbetes cven though test resulls have to be standardized among
Atories (Santiago, 1993). In vicw of the fact that accumuiation of advanced
¥ation end products (AGEs) have been implicoted as o major pathogenic
cess BIRE 6 diabeiic complications, 5i increasing number of drug

didales hgve recently been developed as Polential inhibitotrs of AGEs

Wtion (Rahbar, 1999). For instancc, arsinoguanidine. o hydrazine - fike

le is the first drug cx[cnsivcly studicd both "in vitro’ and “in vivo" aos an

Wor of AGE fonnation and it is currently undergoing clinical trial It works

King the reaclive carbanyl groups in mMolecules that can form AGEs, It

{ cnzyme mcdiated collagen cross-|

1988). Scveral

inking and
> MOl jpierfcre with nonna

‘ 't al.
P 10 be largcly free of other sidc cffects (Brownlce ¢

the inhibition of the detrimenta|

gchts have been shown to be cffective In |
(Yue ef gl.. 1984), camosine

: . - .~ s g aspirin
Bof excessive protein crosﬂmklng- c.8

WﬂNHEUN+¥£&§ELJ Y LIBRARY
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Ciss ¢ oiLl” 10Xi
« 1993), antioxidants such as vitamin F and {lavonoids (Ccriclo e

5). However, sj i idi
» Since. aminoguanidine was later found lo act as an inhibitor

€ oxide synthase, the ¢fect of a novel inhibitor of advanced glycation end-

F Ls l e - 8

formation, that docs not inhibit nitric oxide synthase, known as 2.3
minopheanzine (2.3DAP) was evaluated by Soulis ef al., (1999). It was
led in their study that both aminoguanidine and 2,3 DAP reduced the

mation of advanced glycation end-products as measured by radioimmunanssay

=

85 asscssed immunohistochemically in mesentcric vessels. Furthermore. it
J : S ; o . . Ao .
4 means to differentiate between inhibitors of the eariy and Inte stoges of

on and providcs 0 mpid mcthod of scteening lnrg: numbers of polcnlinl

#llors of glycation or glycosylation (Rahbar, 1999).

Tle findings in the present study that quefecetin and extracts of C.nf are

i} inhibitors of hacmoglobin 8lycosy|nu'on and the fact that the ingestionof

Xy amount of vitamin C or E (c.g- > g day) can lower glycatcd hacmoglobin

. 1 >
Pechaps by blocking giycation (Cericllo et al, 1991 Davic ef ol 1992)

;" that there is need [0 ascertain whether C.nf ond quercetin have any cllect
31ed hacqinglobin in the diabetic stalc Therelore, it scems pertinent tn the
n ond cxtacts of C.nl on AGEs

-y
& o
3

study. 1o invesligute the cflects of quercet!

would facilisic the tweakdown of

.l 1 ‘
.&"0— ascertain whether these flavonous
¢ 1o diabetic individuals where

S Fhis wilt definitely be of tremendous bene
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ual accumulation J
_ mulation of AGEs prior 10 the development of dinbetic

0C

samples from controlled and untrested diabetic patients at the
<1 QutPaticot, pepartment of the University College Hospital. 1badan were

*€d In Na-EDT.A treated botiles. Blood glucose levels were determined in

A

00d somples in order to asccrlain their staius with regards 1o

g

o ‘. Cemia. Haemoglobin fractions were prepared from the blood samples
B 24rs of collectinn as described in ihe section 2.3 page 56 The

o8 :
Fglobin fractions were then incubated i the dark ot 27°C + | for 3 days with
]

Whowy varying concentrations (| 0-303g) queicclin. Or C.nfor Viamin E. The
24 hourly) by a

e &

B0bIn concentrations were cstimalcd on 8 daily bosis (1.c.

- ; describexl on page
Modification of the metiod of Asgary o ok, (1999) 89 P
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'I"at )
and 10 show the cffect of vatying concentrations methanolic

-

cls of - it I
C.nf. quercetin and Vit. E on glycated hacmoglobin in blood samples

controlled and ynireated diabetic paticnts. A comparison of the hacmoglobin
oblained afer incubation of the haemoglobin samplc of controlled and
aled diabetic paticnts scparate with C.nf and qucrcetin iadicated o slight
1 ficant jncrcasc i n the hacmoglobm level (149%) across board. Although the
dition of 30ug of any of the three substances (quercctin, C.nf and Vit, E)

“eased the Hb jevel by 13% in the untreated diabetics howevet, There was no

=teant increase recorded in controlled dinbetics ofier 2 days of exposuic to

RTCEln, C.nf and Vit E,

AN

UNCLUSION
|

- AlMbough the icvels of glycosylation

s - Vit E. Wbesc ontioxidants
SHIions of oyieacts of C.nf quercelin i

were roduced by varying

The Potcney’ of

z hacmoglobin
8 had no significant effect on the glycatcd facmog

sl hetic Paticat (Q = 13
: qted dinbetic
= compounds were almost the som o

I3 9 vit 1 - 14%)
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Table o

¥ flect of methanelic extract of Ohestic ferruginea, quercetin and Vit E on haemugiolin glycosylatlon In

controfled diabetic patiean,

=

HAEMOGLOBIN CONCENTRATION (@di)

lacubatic® | Comtrel | MR’P’)—&—L Caedh frrruginen(jug/mU I Vit. E(pg/ml)
Persabdaryy | [ ____itﬁ 3 JL_ 10 30 10 20 30
\l‘ l'ﬂ.ﬂl\_ 18114123 l!\ll&_l_.l3\l&l$1|)4i §A01£132 | 18.1141.23 | 15.1641.23 | 1502£1.23 | 1S.1241.18 | 15.1541.25
“ t l% 1108 OS‘ 15124123 [ 15142120 1'4 1516212 | " A N8132120 118134124 | 15182124 | 15.1241.24 | 15.1541.25 | 15.1811.22
\' N Q1141 o 1 143011.23 ‘ 14122 1 183011.21 l 1N1911.20 | 15.1841.21 | 18214123 | 15.1641.28 | 15.1941.24 | 15.2121.21

Larh vehaw » 2 wwan of 10 dcteeminationw £ Standard devistion,

Mo veliws a9 1 ostignifiicanthy differamt (P > 0.0%)
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Yahie 0

FfMect of methanolic extract of Crestis ferruginea, quercetin and Vit E on haemoplobin plycosylation in

diabetic patventy

NAEMOGL.ONN CONCENTRATION (¢'d)

30 ‘

""M":E:‘_“"“ I\ Qurreetin (iie/ ml ) Crofh: foreguedii)/mi ). _i, Vit Efpe/ml )
‘;m 20 Lgo 10 20 3 Luo i‘zn
uggglamm.n]:_suu_mqt 14.65¢1.23 | 11704108 | 13911109 u.nu.uju.vsu.oa 13.8541.06 | 148021.28 |
13424094 | 1380 “ku._nq.zi 18.10£1.24 | 13908110 | 14324102 | 15.01£1.18 | 13.9011.10 IJJStl.thS.IMI.Zl
\ n lunmn 14004101 | 14282130 | 18321131 | 14.1021.14 | 15004120 l&:ml.:l{u.oon.u 15012621 | 15.3021.24

¥ach vaiue 2 » maren of 10 4ifTerval cstimations £ standard devialtlon.

Mewn vdurs arv oot thgeificasdy 4ifferent (P 2 008)
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CUHADPTER FOUR

DISCUSSION

Jroteins are subject 10 an extensive and cornplex series of co-tmasiationn!

'I M o . ®q0
POst-translational reactions that include site-specilic clesvage, covalent

Seation, and ¢ompartmentalization to particular intraceilular or cxiracellular

Scalions (Sabating o1 al.. 1982). For exomple the enzyme catalyzed glycosylation

AR , -uf cssing and
Proleins which plays a vital role in intraceliuler Lronsport, Processing

ide pgck-bone folding (Firestone. 1983). In addition. protein molecules

| ' ; ars to form
S peneral bind non-cnzymaticaily with glucose or olher sug

Mt R icin (Maillard
12YY unstable g{dimine and ketarmine adducts of the origitmal protein ¢

structufcs called 8dvanced glycated end-
e

-‘M ﬂm, lbcn lﬂle. mMoTC Stﬂb' |
cee (O which this happens 1S

"lets (AGEs) (Brownlee er al., 1988)- The deg

..I.{h A 1  Ihe Suﬂound.m
MOna 1o ihe concentration of the SUBY i

g medium of the

re of the piotcins in this

e xpoSsu
 mojeeule, gnd (o the duration of the €XP¢

‘m (Bunn et al., 1978). |
dent 8lucose Iralisporiers on thete
pen

R ‘ « » inde
Red blood cells have insulin
cells uptoke of glucosc,

there fore, if
for the

Py

- R .
K therefore do not requit
|

< insulin
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vels in the blood plasma arc high, then the glucose levels inside the red
s will also be high. In this stote. cyloplasmic protcins such as albumin.

obin, calmodulin and ribonucleasc become glycated, and they no longer
1

i lh'c same function they were originally slated to carry out (Garlick and

Hazcr, 19835 waoikins er ., 1985). In fact most protcin which sre enZymes for
|

ample Na® - K* ATPase, Ca*-ATPase. ond Calmodulin ate unable to perform
eI catalyic role when they become glycated (Gonzalez-flecha, 1993, Swammy-
Drythinti, 2001). It has been shown that non-enzymatic glycation okes place af

ine residues a-amino
N Mino groups of lysine or hydroxylysinc residues as well as ot

' . - g 982). In the
up, of amino terininal residucs proteins (Thom:: and Baynes, 1982)

: i ic glucosc
of the yransport protcin, hacmoglobmn, 8 high cytoplasmic g

1 ups
(Ere - ! at apy 0f thc & amano gro
~S¢Mlration causes the protein to become glycated

' amino groups of

‘ : certain €-
#mlo \erminal residues of the - chaias 5 well as

(HbA s} (Bunn ¢f al,

B 1"

ga plycated hacmoglobin

plycated protcin and
preceeding 2.3 momnihs

€ residues, "Fhus, producin is being used

s l-' HbA,, is the besi known cxmnp'c ofa
n diabetes in the

nds o the natyral averast lifespa
s (0

;, 1995)

Monilor oycrall glycnemic control !

U

this {ime period cotrespo

P )
Plecute in ;od blpod cells (Goldstein ¢/ ¢

IN addition, it has been repoi€

R ifon or COp

~%E of ecqtalytic amounts of

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



I 104

r . e
, 1984). An cxcess of oxidative stress can occur through an

"g'c'ﬂErall'o'n of thesce radicals and their metabolites and thus

Iming the protective capacity of the normal defence mechanism of the
y andfor through a decrease in the protective ability of the body to withstand

Bl oxidative sircss. Free radicals may also delay proliferation, modify

LY of membrane componcnts and membranc integrity. influence platelet —
HIVed growth factors and other sccretory protein production in a varicty of ccll

4SS (Curcio e g , 1995). In this condition of suppressed anticidant level, it

S tikely that antioxidant supplements (such as vitamin E. C, carolencs,

. : . radicals (Davie e al.
Yo10M eic.) would nommnally ncutralize the cffects of frec radicals (

- 1 1 cs"ncd 0 4S3CSS the
" i:h {1 15 in this rcgnrd. that the plcscm Srudy was d 15

| ic Crstl ft‘m:}::’nea

' IY‘cffccl of [lnvonoid-conmining Sm’lhunoil cxiracts oFf-trstie

. proce
atcrials gny Mecthods Scetion 2.8 DUge 67) on the P
- . ( way uscd as g control.
TUsylatio n_ Quercetin, o flavono

¢!

ss of hucmoglobln

-4 and antioxidan
- . purt o the humrn
nles which tre pi
jon, (e und apr

B Wuervetin is livaml in on |
. genic Of curcinagen

pmpcuics

N - TIalis
- . ] ¢ V‘
I wis shown in one study 9 i

slhin was
by Baohm (1968), ¢ucn:

.
o ¥

Aoy o o7, 1980). In un curlic?
i

e olant
S 10 uiTict the growth of wamsptal

study |
Al hese contrdiciory
ot s ma.

. i . d
rich, cdible i
. wypch for o TR0
'xlmk& L b Jinact ultentoh o 2 - h'.mugmhin
Wy, ?":I ¢ m Vi : hihil o
RIS
.'q ' [ that could 01
= toxiJuaty
A Gyiree  of  anthoxidivit
"-._.:..
“Hylats

o,
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theet wer

AL L‘b:,i‘_nl'm tetermine the ¢Meet of methanolic extracts
I

Tuginea on the process of tuemoglobin glycosylation. As y

5 he mvin study, a suilable penod of incubation for noen-limiting

.
ion  of glucose (20mg/ml) was fist determined os indicated in

™ L. The results presented in Tuble 2 showed that the degnee of

o Gir glycusylation increases with the period of incubation (24-72hr) w1 u

¥

Falon dependent orinoer up w0 20mg/ml where glycosylation uppeaned o

=g . q _ . ° 4 ° = 3 h.unoun‘or
ned. This finding is in agreement with carlicr reponts that the w

Tl - . . o/100ml of glucosc.
Byon incteases lipcarly up 10 the concentrdtwn of 2y g

BN o1 ori 1999). Thes: fimdings are in agyecment with carlicr repurts that de

s oy (o, g -
R 0 b . frerracad dieperda on the conecntion Wl pecd of exposure

Bicose (Bunn e1 al . 1976).

| d the psied of intulxstion required  lor
laving thercfore, Jeteriain®

Angzhs bin cd with glucosc. the <fect ul the Nasvonoils ~<ontuining
£ bin 1o be sulutalcd Wil

-ﬂ]@icd
2% 6 oo n hucqoglobin gh o™ fation was V€

=LY wi.:‘, Wl

e in the laemuglobin kel

In s study

fur INCTCass th

S0 g lycosylation ut vUry ing

‘ |
e ol varying concenirsions { 10-30

i Tubk: 5 \l&)u *
/i) expint, Tab

u r l
e DL glycosy laticon i

h,n o |
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CHAPTER FOUR

DISCIUSSION

i [ ' ’
Proteins are subject to an extensive and complex series of co-translational

post-translational reactions thm include site-specilic cleavage, covalent

1€3twn, and compattinentalization to particular intracellular or cxiracellular

Ms (Sabatini «r af | 1982). FFor example the enzyme catalyzed glycosy lation

¥

oS which plays a vital role th intracellular traasport, processing and

Ptide back-bone folding (Firestone, 1983) In addition, proteinn molecules

general bind non-cnzymatically with glucose O other sugars o form

2 tein {Masllord
¥ unsgable aldimine and ketamine adducts of the onginal prote:

Tc cated end-
©n) and 1hen later, more stable structurcs called 2dvanced glycate

1 (AGEs) (Brownlee «f ., 1988). The degree to which this happens 1s

f the sugar M the surrounding nedium of the

POUON3] 1o the concentration O -
posure of the proteins in this

] : cx
% molecule, and to the dursiion of the

" (Busn er ul, 1978)

e transposiers ON their

Red plood cells have insulin e fore, if

| ore do not ¢ ire | in { the U
.-T. | { require ln:ﬂllln or ) l
| the glllCOM: levels nside he fed
n

o ‘b the
S kivels in (he blood plasma 8re high.
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;',1 same funct 121
_ unction they were originally slated 10 Caity out {(Garlick and

1983 i
78 Watkins ¢f of 1985). In fact most protein which arc enzynies for

. -.Bh.'~ t. [ 2-
Hie K" ATPase, Cy ~ATPase, and Calmodulin are unable 1o perform

ey

#Y1IC role when they become glycated (Gonzalez-flecha, 1993, Swammy-

1'.-’
] |

» 2001). It has been shown that non-enzymatic glycation takes place a

¥

Nt |. X m;' . . ‘
N0 groups of lysine or hydroxylysine residues as we!l as at w.amino

243 of amino terminal residues proleins (Thorpe and Baynes 1982) In the

o

¢ of the transport proteir, haemoglobin, a high cytoplasmic glucose

Oy

iralion causes the protein 10 become glycated at any of the @ amino groups

O terminal residues of the B- chains as well as certain E- amino groups of

€ tesidues, Thus, producing a glycated haemoglobin (HbAs) (Bunn e al,

pleof a glycaled protein and is being uscd

m"\lc is the bes! known exam

“Monit ' g 2-3 montl
Monitor 1.erall giycaemic control in diabetes 1n the prececding 2-3 montlis
<3 i the HLA

<

ule in ; oy blood cells (Goldstein ¢/ a, 1995)

| y auto oxidize in the

4o : Jucose Nis
I addition, it has been reported that B

Qs ¢ fins g‘:ncfating free fndjcﬂls

O [ i P - . co c
, |Jol' catalytic aniounts of tron ©f pP
(ive Stress can ocC

cur through an

Malley o o 1984). An excess of oxido
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° u h i L) El
gh a decrease in the protective ability of the body to withstand

o o
Jdd ‘be + 3
siress. Free radjcalg may also delay proliferation, mod ify

ity

' me ‘
mbrane components and membrane Inlegrity, influence piatelet —

‘y:'
k

growvth :
EXOWH factors and other secrctory protein production in a variety of cell
'€Ms (Curcio ¢/ i, 1995), In this condition of suppressed ontioxidant level, it
P ™M ']~ i . \ y . .
5 likely that antioxidant supplements (such as vitamin E. C, carotenes,

N L
0 (:i- elc.) would normally neutralize the effects of fiec radicals (Davie ¢/ al,

= 1Uis in 1his regard, that the present sudy was designed to assess the

b, . ’
ory effiect of flavonoid-containing niethunolic extracts of Cnestis ferruginea
HPR
WIS and Aethods Section 2.8 poge 67) on the process of haemoglobi
T P
SYlation. Quercetin, a flavonord and

antioxidant was used as a control

'l &h Yuercetin is found in onions, lca and apples which are part of the human

L ; rope
*ILwas shown in one siudy to have mulagenic or <arcinogen Properties

X = . \
o al., 1980) In on carlicr study by Bohm (1968), Quercctin WAS
contradic10ry’

SE 10 affect (he growth of transplanted Sdrconta All these

fPon o a search for o nich, edible and

AL

,I S nakes jy imperative to direct atierition
could also inhidt

t
- haemoglolin
, oxi source of antioxid that

" ”
-
o M

' LYy

‘...Ii:i F '.._
ik’ u 0"‘-
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1
- LY
s 8 .

hat was designed to determine the effect of methanolic extracts

1 . = I
erﬁTgf;vietr on the process of haemoglobin glycosylation As a

B

ol P - _ . | i . -~
naiy to the main study. a suitable period of incubation for non-limiting

won of glucose (s20mg/ml) was first determined as indicated in

lent |- The results presented in Table 2 showed that the degree of

Blobin glycosylation increases with the period of incubation (24-72hr) 1n a

|
"L' Allon dependent manner up to 20mg/m! where glycosylatton appeared to
@llfated  This finding is in agreement with earlier reports that the amount of

Blycosylation increases linearly up to the concentration of 2g/100ml of glucose

A

S8t af . 1999) These findings are in agreement witli earlier reports that the

itof HbA,, formed depends on the concentration of and period of exposure

“r'h 0S¢ (Bunn ¢/ al., 1976)

. on frequired for
1;lavtng therefore, determined the period of incubation

t flavonoids -contai ning

. of the
s oglobin (o be saturated with glucose, the effect

n Wis investigated. In this study

extracts of ¢ n.f on hizemoglobin glycosylatio

. increase (N
criterion for
$¢d as Q

 de - . ywwas U
€as¢ jn the haemoglobin lcvel

Y i A f inbiIiOﬂ i
3 "08lobin glycosylation at varying periods ©

[
:|-_ o 10030 ’jgfm
he gy . concentrattons ( .
~ Pfesence of varying cmogIObi" g|)cosyl

f 29, 8 and 2 hl’S

) extracl Table S shows

ption al

- \n
he ation ©N l
= leces of increasing glucose concents .0, ainounts
pr scnce ofVBlylng
@

H Ig“‘.p”fiods of incubation and in Uiz
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obtai | i
'¢ data obtained showed (hay the inhibitory effects of Crestis

that quercetin and Cq

[ e
s I|’“ 9
gy oglobin glycosylation 10 about the same extent N axaimum

> percentage of 75% and 71% were obtained for quercetin and Cn folo

u )
~ ratic

Of 30pg/ml (Table 5). It seems likely from these results that the

v I.!. h;'.- :
| in the methanolic extracts of Cn.f and quercetin  arc acting as

-.'I'l

1}

“-anis by imterfering with the oxidative process of giycosyiation This
NG 13 in agreement with the reports of Odetit ef al, (1990} that haemoglobin
Rly ..'Lla"lon was significantly reduced in diabetic rats treated with rutin, a

2r ¥ [
~0I. llowever, since the leaf extract used i this study is crude, there is the

likegis - |
—HM00C that other components in the crude extract may interfere with the

en Y 0f otherwise of the constituent flavonoid It therefore. becomes pertinent

-

DALY, chasacterize and re-evaluate the inhibitory sction of the pure forms of

> Varioys avonoids in the leaf cxtracts of Cn f

o

: ) d extracts of
Although, the mechanjsm of action by which Quercctin an

af

. ¢ is probably logical to
MNbit gemoglobin glycosylation | hitit ’

s sitl] obscure,

. k betwecn the liydroxy

= I0eir actions (o the formation of &
My .
. "T' UP3 o the compound and the avaijable 8luco
rnlglll"“

semi-acetal fin

¢ molecu e thus fotming an
which accumulates  This

Cude adduci of qucrcedn and Cnesiis i3
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;"I'* act that they have been detected

SE— =

'@ Mercer, 1974).  Consequently, the potency of

(0 undergo such a resction

1_l -

the antioxidants

they are being depleted from the reaction medium by conversion to

F ) £ .'r.{lz 4 - / @ Y " - .
€Ostde adduct in form of monosides, brosides, dimonosides. tnmonosides
(TR I
’ .'r . 1
Stde ete (Goodwin and Mercer, 1974) This may account for the decrease

ot _fﬁ'“- concentration and the apparent saturation of the Havonoid by

)se

I" ﬁ:"cz it has been well documented tbat depending on the assay method,
10PAytion of (otal haemoglobin that exists as HbAye is approximately § — 7%

"T'u:‘: adults (Bunn ¢f al., 1978, Goldstein, 1993), experiments were

. . . . ‘
‘ilu.t. in this study to determine the effect of methanotic extract of C nf on

‘ ' ion of
"08lobin glycosylation in the prescnce of physiological concential

s and extracts of Cnf
. \Slmg/ml). As shown on Tabies (6, 7. 8). querceun an

.

Mteif & . in the presence
 human hacmoglobin glycosylation

insignificantly (7%%)

‘ though, the long term
f$0logical concentrations of glucose (s1mg/ml). Even tTOUE
this result could be

Ct % clear
r”b!‘\:':- component tn non-diabetics 3 1% e h
! - . : : Is, the
| .diabetic Individuls,
1N iﬂ? B . f‘ fs ingeSlcd b)’ b
. 10 imvcan that if Cn neriod of

{hat accumulates OVET a long

'~ri~|, On of the small pfOpOlﬁon Of "bA!c
o'l :‘l
ule be inhibited
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" '
s known that if untreated, diabetic patients are prone to

er 14 o, Y :
3 several long term complications which could lead to increased

i1y and early mortality. For example, they have an increased risk of

atherosclerosis (Kanncl ¢/ al,. 1979) which is partly due to an increased
_r.

‘ﬁy of their low density lipoprotein fraction, reduced remodeling, and

lerated ageing of the skin, localized tscheamia and fibrosis (Clark ¢ o,

1 Indeed, diabetic patients have an increased oxidative stress iwhich is

anied by a decreased antioxidant capacity and an increased oxidation of
|
: i“'r't;ompc')ncnls and lipoprotein (Baynes, 1991) Non-cnzymatic glycation of

1
16ins which leads o0 accumulation of advanced glycution end products (AGEs),

Sy
" IOW known 10 be onc of the source

s of free radicals contributing to this

i inked to the
feased oxidative stress (Brownlee, 1994) and 1t 1S also strongly linke

n this connection
tnce of cormplications in diabetes (McCance etal. 1993). |

. :
Y’y proccsses by co-adju van

L T aTT

. t therapy could
AL on of E[ym[inn and oxtdation

ion Or these
Wefor he onset and/or s PR e
€ prevent or at !east delay 1

this therapy from the

d readily ovailable

onset of

P

rmetil : ]
“CPleations. Since disbetic patients are lo fo

= : jve an
= | inex pensive
48ase the diug rnust be cifecuve, Sehe

ow

lr nr search for drugs with

frreé
" : : {owafds cu
has srin, siated focus being directed

[ s A d '« Dafton (i) 500, o !]aVONOid
n € "ch a up t3
> hespPCri in

diosnin and 10%

ation congesting of 90% ) advanced glycatron

e
4

Klanidinc was the first poten! inhibit
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‘r'
. - -

'AG ')'lo be discovered B
- r '
= (Brownlee, 1986) by i Was also found 10

r ,,.tar o; Wiy k
_ nitric oxide synthase and this opened a new wave i the

) 6

Y O fﬂ ) L K
novel inhibitor of AGEs formation that does not inhibit nitric oxide

.]"'_ 8 L. & .
, known as 2.3 diaminophenazine (2. 3 DAP) (Soulis e7 at., 1999).

foal s "
The managemen of diabetes complications is difTicult for both health-case
1

A" ¢ 's i . . 5
and patiemts. Maintaining blood glucose levels near normal, an
-

(3()
onanl — ' cati
+-fiantcare poal requires the correct balanced food, cxercise and mcdications

.
Nér
¥y

advances jp monitoring have simplificd the tesk considerably. Self

“CI0ring of Blood Glucose (SMBG) requires paticals to perforn SMBG

= 17
lre Uenily and adjust insulin dosage or meal plans is nceded 10 kecp blood

1
l"

~"0%€ levels as close as possible to target fevels (Singer ef af.

e

1493) ] .
8lycated haemoglobin involves a simple blood test
r

1989) The fact
taken at any time of the

7 withoy ¢ egard 10 tood intake or biood Blucose over an extended period of

1( -(Nalhnn el af, }984_ GO”SlCill. |986) is md.’ca{ivc that the use ofdtugs that

g

: re easier and
X quct directly on HbA;, levels would be opplauded and €ncourage casicr

Pler monitoring therapy in diabetes

present study tha methanolic

rhﬂcfofc, ha\ving demonstrited in the

oSylation, an stiempt was (urther made

[ % ' 1
M of Cn  jnhibited hacmoglobin glyc .
regard. 1S cffect Wos determined on

Semige 15 mechanism of action. In this | ‘
samples of diabetic Patients

ke,

. ~ d
% hacmoglobin HbAi. Present in bI20
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bin was partially purified from blood samples collected fiom 2 groups
) <
patients (unireated and controlled) attending the Medical Outpatient

pariment of Uﬁiversily College Hospital, Ibadan. The haemoglobin solution

i = | : .
5 mcubated separately with varying concentrations (10-30pg of quercetin,

'tamin E or extract of Cn [ at different incubation periods (24-72hrs). Tables 9

W10 show the efect of quercetin Cn fand Vit E on glycated haemoglobin i
HMPIEs from controlled and untreated diabetic pauents The result obiained

PWed that quercetin and the extracts of Cn f used in 1his study have insigmificant

|. k lQﬂ the hydro'ysi’s of I.l'bA" to y.eld Hb and g’ucosc i1 a|,pcars here that the

8h ffee haemoglobin. This

aled haemoglobin could be decomposed 10 give

ieed |5 understandable because the process Oi
3

nwle

glycation s oxidation and it

€S formation of covalent bonds

A OXYEen
Glycated hacmoglobin (HbAs) When compated to Hb-A in OXYE

3-diphosphoS|YC¢m!e (2, DAG)

Mty is 1ess 1o : the additions of 2.
fesponstve fo ihe elis: 2,3-DPC

3, _ finn red C
S ¢ al, 1976). This is because within the mamma
ol oglobin (T state) than to Oxy
Wanion p; . 1o deoxy hscn'0g

inds njore strongly el with
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e of physid
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