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ABSTRACT 

In tlic South Eastern part of Nigeria. the decoction of roots o f  Iltrn~rlltr ~ / ~ I Y I " I  and 

Srrrcvceph~~l~~., .  I L I I I ~ O ~ Z U S  is used in the management of dlabetcs niell~tns. I lie 

antihyperglycaemic potentials of acqueous and alcoholic root extracts of  tlicsc plant\ werc t11~1s 

evaluated in ~iornial and alloxan induced diabetic male Sprague-Dawley rats. I lit' ilir d r ~ c d  

roots were shredded and subsequently extracted in both water and etlianol to givc 

Scrrcoccpholz~.~ l ~ ~ / ~ ~ i ) l i z ~ , s  aqueous extract (SLA), Sarcocephalus/L)aniella aclucous extract (SUA) 

and ,Yurcoccq7hrrlu.(. Iu/~fi)liu.s etlianol extract (SLE). 'The pliytoclie~iiical analysis of the extracts 

revealed the presence of tlavonoids, saponins, glycosides and tannins. Tannins were absent in 

SI,I<. SLA and SDA (250 mglkg) significantly ( P 4 . 0 5 )  lowered fasling blood glucose lcvcls ul 

diabetic rats from 31 114.26 mgldl and 261*3.02 nigldl respectively to 7312.23 mgldl and 

6515.40 mgldl within 6 hours. In nor~iioglycacmic rats, the sanic dose did not produce 
b 

significant ( k 0 . 0 5 )  change (SLA: 55.5017.76 to 55.0018.16 and SDA: 59.0013.70 to 

60.2015.56) i n  fasting blood glucose levels cvcn after 12 hours of treatment Both c\lracts 

increased the activities of hepatic hexokinase ( I  I[<), glucokinase (GI<) and p l iosp l~nfY~~ctoI~~~i ;~sc  

(PFK). The) also induced increases i n  hepatic glycogcn content of' diabetic rats. 51 I d cp~c \ \ cd  

the activities 01' GI< and PFK, but incrcascd the activity of HK. The results obtained ind~catcd 

that relative to the contml, SLA and SIIA significantlj reduced the activities o f  supcro\~de 

dihmutase and catalase. The extracts also increased The concentration 01' rcduced glutath~onc 

(GSH). SDA reduced the level of lipid peroxidation products assayed as malondialdclijdc 

(MIIA) in both liver and Itidnej lionioge~iatcs of diabetic rats while SLA and 51 I ,  \houcd no 

el'fecl on MDA relative to the diabetic (C;I,A, 51 E and SDA). The eutracts \~gnilic,lnlly 

decreased serum trigljceride (froni 1.8710 13 mMolIL to 0.87+0.18. 1.0610.18 and 1 10+0 36 

respectively) and total cholesterol (from 2.8010.30 to 1.2710.47, 1.5410.22 arid l 95+0.2 1 

~iiMol/L, respectively) of diabetic treated rats. When compared to the diabetic cont~ol .  5I)A 

increased significantly ( P 4 . 0 5 )  the level of HDL cholesterol by about 50%. Both acutc and 

subacute toxicity testing in mice showed that the mcdian lethal dose (LD,,,) of each ol' ~ h c  

extract is greater than 5 glkg. Moreover. the extracts showed no adverse c fkc t  o n  

liacmatnlagical parameters (WBC and R H C  counts, Hb, Hct. MCV and MC'I-I) as well as o n  

serum liver clizynie markers (AST and AI,'~')'. I-lawever, the Iiistopatliologic~~l studic\ inclicatc 

mild degeneration of the liepatocytes. 7'his investigation denionstrates that the plant extracts 

especially SLA and SDA have reniarltablc antihyperglycaemic effect with accompanying 

hypolipidaeniic and antioxidant properties in diabetic rats. It furtlier indicalcs clinical ~.elevancc 

i n  reducing coniplicatio~is of diabetes 
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CHAPI'ER ONE 

The mammalian system is composed 01' individual interacting (l~jnamic units t h ~ t  

are always niaiiitained in equilibriiun. 'l'his equilibrium und the co-ordin;ltcd intricate 

metabolic processes result i n  a \ x l l  ordcred system. 1-lowever, any disruption in a n ;  

aspect of the homeostasis gives rise to a pathological state or even death (Saced and Al- 

Dahbali. 2003). A typical example of such is the patlmlogical condition kno\\n as 

diabetes mcllitus (Dm) .  Diabetes rnellit~ls is a very common chronic cntlocrinclnlet~~~2olic 

disordcr cliaracterised by improperly regulatcct metabolism of'carbollydratcs, proteins and 

lipids ('I'uitoclc e/  ul.. 1996) by insulin ('l'iwari and Kao, 2002). Cutting across cvcry agc, 

sex and socio-economic class, diabetes ~iielljtus (Dm) has been associated with an 

increased risk Ibr developi~lg premature athcrosclcrosis (Scoppola e/ ~ 1 . .  2001: I3icman. 

1992). 

'1'11: incidence of hyperglycacmia in Dm has been found to enhance tlic generation 

of reactive oxygen species (ROS) (1-la and Kim. 1999: Wolffel a/., 1001): in addition i~ 

aflkcts antioxiclant reactions catalysed by ROS scavenging enzymes (Ilcliimura c' /  ~ 1 . .  

1999). 

'l'hc disease is fast attaining an alarming prevalence rate in h c  clcvclopccl 

countries. and is threatening the mere existence and economic survival 01' the pop~lations 

i n  the developing countries (Osadebe c /  ul.. 2004). 'l 'l~e World I-lcalth Organisatio~i has 

esti~nalcd th;it more than 180 million pcoplc \vorlcl\viclc 11a\-c diahctcs and that h i s  liguse 

is lilcely to double by 2030, iSan urgent action is not taken (WtIO. 2006; Zimmct. 1909). 

111 2005. an estimated 1.1 million :people died from diabetes (WI 1 0 .  2006). Oral 

hypoglycaemia agents andlor insulin thcrapy aflhrd relatively ell-kctivc glycacmic control 

. but they 'are not vcr) ideal because ol'thcir nlllnerous side el'kcts (hi alld Malics\~ari. 

1 0 ;  Rang and Dale. I991 ). 

In recent years, research interests have shifted to the search li)r altcr~iativc ancl 

natural antiliyperglycae~nic agents, especially from plant sources (IG-islina e/ ~ 1 . .  2004: 

Pepato c j t  ul.. 2003). 



A combination of tlie roots of Strrcwcr/~holus I L I / ~ ~ O / I I I S  (R~~biaceae)  ;tiid I ) L I M ~ ~ / / ~  

olwerr (Caesalpiniaceae) I S  uwd in lgbo-Nigc~ ia l'ollc medicine a5 a Iicrbal remccl\. li11 

hqperglqcaemia (I~zekucsil i ,  2004: pcrmnal conirnu~iic~~tion) Altliough. thc 

a~itiIiyl>crglycae~n~c potential of thc lenkes ol',S /tr/ifolil~s has bcen dcn~onstratcd (Gidado 

e l  ~ 1 . .  3005). there is no report in literature on tlie blood sugar lowermg activity o f  the 

root of the plant in isolation or in combination wit11 11 oliver-i In both normal and diabetic 

rats 

I .  I DIABETES MELLlTlJS 

Diabetes niellitus (Dm) can be detined as a group of metabolic disordcrs with 

different wderlying aetiologies, each characteriscd bq chronic hypergl!cacmia o\\ I I I ~  to + 
overproduction and/or ~~nderutilisation ol' glucose (llgochukuu and ('obournc. 2003) 

Chronic liyperglycaemia wliicli is tlie cliicl' \y~iiptoin ol'diahctes ~ i ~ e l l i t i ~ s  has bcw  Ii~uncl 

to cnhancc thc generation of reactive o\ygeli species and hence cause long tcrni t~ssuc 

damage especially to the nerves and blood vcsselb leading to diabetic co~npl~cations 

1.1.1 TYPES OF DIABETES MELLITUS 

rhert: arc four rna.jor classes of diabeteq mellitus based on thcir aet~ology and 

clinical manifestations (Mayfield, 1998). 

a) Type 1 Diabetes mellitus 

'l'liis was formallq I<iiown as insulin-clepei~dent diabetes mcllitus (1Dl)M) or 

juvenile onset diabetes. It is charncterised by the loss of the insulin-producing beta cells 

of the islets of Iaigerlians of tlie pariercas leading to a deiiciency ol'insulin. 'l'liis type ol' 
~ - - - - - - - - 

diahetcs can af7eZtCcT1iTdTeTi 3l- actilhs- kilt aas-traditicttialfq-ter~~~~i-~i~~wni~-cti~Ibcl~~ 

becausc i t  represents a majority of cascs in children. 

b) Type 2 Diabetes mcllitus 

Type 2 diabetes mellitus - previously known as adult-onset cliabctcs. maturity- 

onset diabetes. or 11011-insulin dependent diabetes niellitus (N1111)M) is due to a 

combinati.on of defective insulin secretion and insulin resistance or reduced insulin 

sensitivity (defective responsiveness of tissues to insulin) which almost certainly i n v o l ~ u  



the insulin receptor in cell membranes In the early stage, the predominant abnormality i \  

reduced insulin sensitivity, charactcriscd by elevated levels ol'insulin in the blood. At t h ~ s  

stage hyperglycaemia can be reversed hy a variety of measures and mcdicat~on t h ~ t  

improve insulin sensitivity or reduced glucose production by the liver. As the d~seasc 

progresses. the impairment of insulin secretion worsens. and thcrapcut~c replacement ol' 

insul~n oltcn becomes necessary (Wihipcdi:~, 3007). 

c) Ge4tational diabetes mellitus (GDM) 

Gestation diabetes also involves a combination ol'inadecl~~ate insidin secretion and  

responsivcncss, resembling type 2 diabetes mellitus in several respects. It decelops 

during pregnancy and may improve or disappear d i c r  delivery. kvcn thougli i t  1i1.1> be 

transient. gestational diabetes may damage tllc health of the foetus or mother. and aboi~t 
+ 20-50°b of wonlen with gestational diabetes develop type 2 diabetes later in l i l i .  

Gestational diabetes mellitus occurs in about 2-5% of all pregnancies. It is temporary and 

fi~lly treatable but. if i~ntreated, may cause problems with the pregnancy 1 hcsc problem\ 

may includc macrosomia (high b~rth v~c~gli t ) .  lixtal ~iiall'ilnction and congcnitJ l ~ e ~ ~ r t  

disease (American Diabetes Association, 2001) 

d) Other types 

W110 (1999) proposed a new taxonom) for a type of diabetes mellitus resulting 

from rare causes and which do not lit into type 1 .  type 3 or gestation,d d~abctcs Matunt> 

onset c i~~~be te s  ol' the young (IGIODY) is typ~cal ew~iiplc  ol' this typc 01' d~ahctcs. 

MODY refers to a collection of different gcnctically caused forms of diabctcs ~nlicritcd In 

an autosomal dominant fashion. These limns of diabetes are neither 'Type 1 nor Type 2, 

though they are often misdiagnosed by doctors not hniiliar with thew kinds ol' genetic 

diabctcs (American Diabetes Association, 2005). 

Also in this group are: 

Diabetes induced by certain medications or chemicals 

Diabetes caused by other diseases ot'thc pancreas 

Diabetes associated with other hor~nonc conditions 



1.1.2 AETIOLOGY OF DIABE'I'ES M KLLITIJS 

tZ number of lictors have bccn iniplicatcd in the aetiology of' cliabetcs ~iicllitus. 

but the consensus is that the aetiology is a m~dtihctorial interactioii of cnvirolimental and 

genetic Fdctors. 

- Environmental fiwtors: The environmental hctors implicated in typc 1 Dm co~~lcl be 

viral, diet and stress. Several viruses liltc tbc coxsacltie R4, retrovir~~scs. rubella mcl 

cytomegalovir~~s have been implicated as onc of the triggers of tqpe 1 diabetes niellitns in 

genetically susceptible micc but not ill tliosc fiitli a difirent genetic prolilc (IQiip and 

Alterblom. 1999). Viruscs may initiate ~rnrn~~nc-nicdiatcd damage to hcta cclls bq ciiscc~ 

destruct~oii, by the generation ol'cytoltincs that call damage the beta cells or by m o l c c ~ ~ l a ~  

mimicry. It has been demonstrated t h a ~  the autoinim~uic reactions arc tsiggcrcd by a 
b 

similai-ity bet\iecn a coxsacltie viral protein and islet cell autoantibodies (IC'A). insulin 

autoantibodies (IAA) or glutamic acid decarbo\ylase autoantibodies ((; 21)) (a protcln in 

thc outer surhcc 01' the pancreas) (Gottsate~ e /  ul.. 1995). Studies h a ~ c  also shown that 

60% ol'newly diagnosed diabetics had antibodies to the coxsacltie virus (L~uidin-Olsson 

e l  cil., 1 909 and Littorin e l  al., 1 999). 

Dietary factors may also be iiivol\~cd in tqpe 1 diabetes mcllitus. consumption ol' 

high l e ~ r c l ~  of N-nitroso compounds by parents a1 tlic time ol'conccption o l ' a  progcnq ancl 

by the progeny at infaiicq has been shown to cause 2111 increased risk ol'tlcvelop~ng t! pc I 

diabetes mcllitus (Virtane~i and Aro, 1994). 

Early introduction to cow's 111ilk and short duration of breastteeding to infants has 

a predisposing ell'cct to type 1 diabetes mel l i t~~s  (Kostraba e/ d.. 1C)C)3j. 

I-,nvironmental l'xlors implicated ~n the aetiology 01' type 2 J~abctcs  n ~ c l l ~ t ~ ~ b  

include lifestyle. malnutrition rn zl/er.o, age and ethnicity. 

Lifestyle - Overeating, obesity and sedentary lifestyle are high risli I'actors for type 2 

diabetcs mcllitus. Studies have shown that immigrant Indians and Ahicans in thc IJliitcd 

Kingdom and USA and Singapore hnvc a high incidence of diabttcs conipurcd to 

indigenes (King e /  ol., 1998). There is also ~ n c r c a s i ~ ~ g  prcvalcnce of' d c ~  eloping di,tbctcs 

i11 urban populations which has increased from 5.2% i i n  1986 to 1 1 .6'% 111 lC)O0 (Amos o/ 

~ r l . .  1997). Central obesity (fat concentrated around the waist in relatjo~i to abdominal 

organs) is ltnown to predispose for insulin resistance. possibly duc lo its sccrctioli 01' 



adipoltines which mpair  glucose tolerance (American Diabetes Associal~on. 2005) 11 has 

also been denionstratcd that iniproved economic standard ol' living resulting In liiglic~ 

ca lor~c~f i~ t  intake and increascd sedentary lifehtyle play a key role in the dc\clopnient ol' 

typc 2, diabetes ~nellitus (Be~inion and Grund). 1977; Wf 1 0 .  1994: N'oLoma. 2002) 

- Malnutrition in utero: Ke~ospective analysis lias shown an invcrsc rclationslilp 

betwecn weight at brrth and type 2 diabctes rnellitus in late adulthood Maternal 

malnutrition has been associated with dclicient foetal nutrition and hence placental 

deticiency (Marlcs and I:arnsworth, 1994; Bell and I lockaday, 1992). I oetal malnutrit~on 

can also lead to tlic de\elopnient of i n ~ l i n  resistance which is a step to ovcrt diabctcs 

(Philips. 1996). 

- Genetic Factors: In addition to environmental factors, genetic factors also play a niajor 

role in the aetiology of both type 1 and type 2 diabetes niellitus. I hcrc is a gcnctic 

clement in individual susceptibility to some ol' tlic triggers ol' diahctcs mclliius c,~rlics 

mentioned, which has been traced to particular 1 ILA genotypes. Ilowe\cr. tlic majority ol' 

those who arc genetically predisposed do ~ io t  dcvelop type 1 diabetes rnellitus. O n  thc 

other hand, genetic predisposition for type 2 diabetes mellitus is stronger than typc 1 .  

Pcople with first-degree relatives wit11 typc 2 have a much li~gher risk ol'dcvelopiny lypc 

2, increasing with the number ol'those relatives. 

1.1.3 COMMON SYMPTOMS O F  DIABETES MELLITUS 

The class~cal triad of diabetes symptoms include: 

I'olyuria (Ireclucnt urination) 

Polydipsia (increased thirst and consequent incriased fluid intaLc). 

Pol ypliagia (iucrcasecl appet~te). 

I'lie syniptolns may develop quite I'ast in type 1 ,  particularly In children. I'licsc 

.symptom may bc subtle or con~ple tc l~  absent as well as dc\cloping nlucli n~)t .c  

slciwly in type 2 diabetes meIlitus (American Diabetes Association, 2005). 

In  type 1 diabetes there may also be weight loss (despite normal or increased 

eating) and irreducible fatigue. 

When the blood glucose concentrat~on is above the renal threshold. rcabso~ pion 

of glucose in the proxirnal renal tubule is incomplctc and part ol'the gl~lcosc remains 111 



tlic u r~nc  giving rise to glycosuria (Nelson and ('ox, 2005). Prolonged high blood g l ~ ~ c o s c  

level causes glucose absorption and hence changes in tlic shape ol'the q e lull .  Icudil~g t o  

vision clianges. Blurred vision is tlierelbrc: a common syniptoni 01' diabctch mclliti~s 

Ihbe t i c  patients may also present witli diabetic ltetoacidosis (DKA), nli~cli  is an extreme 

state of nietabolic dysregulation eventuallq churactcrisecl by the smell ol' acetone o n  the 

paticnth breath. 1111s was clearly i l lus t~~tcd  In 1 3  1 . 1  and 1.2 

I .  1.4 RISK FACTOR FOR DIABETES MELLITUS 

11 ,has been observed that Iiypertcnsion and diabetes sliarc predisposing risk 

factors or rather cacli is a risk factor Ibr the other (Reaven. 1988; I,aal,.;o. 1OW: I'yolula 

el ul.. 1987). 71'liese filctors wh~ch  arc collccl~vely rei'erred lo as 'mct ,~bol~c syndrome‘ 

iiiclude obesity, impaired glucose tolerance ()1G1'), clysIipidaem~a (elcvaled serum 

cholesterol or triglyceridc levels). insulin resistmce and hyperinsulinacniia (.lanus e/ LII . 
2000. (ial-2 and G~undy.  1990) as well as dccrcascd IlDI -cholcslcrol Mctabol~c 

syndromes or inhulin resistance synclromes (IICS) arc thosc mclabolic changcs  hat arc 

associated witli insulin resistance. It is knoun [hat about 25% o S  non-diabetic adi~lls 

niaiiiSesl this s j  ndrome (Rcaven, 1995). 

Insulin resistance or sensitivity is cleiincd as tlic reduced ability of body tissuch lo 

respond to insulin. Although type 2 diabelcs ~nellitus results f iom botll insuli~i rcsislancc 

and insufficient insulin secretion (Ilefronzo e /  ul. ,  19921, insulin resislancc: is probablj, 

the prinlarq defcct because those prolie to develop type 2 diabetes niellilus cuhib~t i n s ~ ~ l i ~ l  

resislancc before the de\elopnient of glucosc intolerance (Eriltlison cJ/ ~ 1 . .  1989: (iiilli c J /  

L I ~ . .  1 003;  Wcyer cJ/ (11.. I '199; Weyer., 2000). 

I'hcre is considerable evidence In txpcrimental animals llial s,rturalcd l'al In d i d  

may lead to insuli~i resistance (Vessby. 1995) while (11-3 polyunsaturated fatty acid 

(PCJFA) improves insulin sensitivity (Vessby, IC195; Storlien L.I u l ,  1096). I'he 

niecli~ln~sni is related to a change in membrane fluidity af'l'ecting processes around lhc 

insulin icceplor and the recruitment ol'glucose ~ransporkrs to the n i cmb~mc  

Elevated concentration of non-esterified fatty acid (NEFA) is a conimoli 

metabolic. nieclianisin in insulin resistance (Reed e/ ul., 1999; Frayn e/ ul.. 1996). 



1.1.5 DIAGNOSIS OF DlABETES MELLlTlJS 

'Thc diagnoses or' type 1 diabctes and many cases of type 2 diabetes mcllitu\ arc 

i~suall! prompted by recent onset symptoms of excessive urinatio~i (polyuri;~) and 

execs41~e thirst (polydipsia). often accompanied by wclght 104s. I licsc \>rnptorn\ 

typically worsen over days to weelks and about 25% oS people with t jpc I di<~hctc\ 

mellitus ha1 c developed some degi.ccs 01' diabetic ltctoacidosis by the t ~ m e  the diL~bctcs 1 5  

recogn~wd (WHO, 1999). The diagno\is 01' otlicr types of diabetes i5 usually made 111 

such other way5 as: 

i Ordinary licnltli scrccning: 1 1114 1 4  I-ccommcnded li)r man! pcoplc at \ l , ~ r ~ ~ o i ~ \  

stages in life, and for those with any ol' several risk factor5 bar in\tancc 

universal screening is rccornmended l'or adults at age 40 and aboie, obcscd 

subjects. people with family liistorf. of diabctes. high risk ctlinicity (Mc\ti/o. 

native American, African American. I'ac~lic Islanders). 

ii) The presencc of neu signs m d  symptoms duc to the diabetes. such a4 \ ~sion 

changes or unexplainable Satigi~c 

i i i )  Detection of hyperglycaem~a while invest~gating a complication of' o thc~ 

disease conditions. 

Diabetes mcllit~rs is clx~ractcriscti by ~.ccurrcnt or persistent liypcrglqcc~cm~c~, and 

is diagnosed by demonstrating any of' the Ibllowing (WI I O ,  I C199). 

Fasting plasina glucose level at or above 126 nlgldl (7.0 nimolll) 

Plasiiia glucose at or above 200 mgldl or 1 1 . 1  mniol/l two h0111.s aster a 75 

. g oral glucose load (glucosc tolerance test, OGT'I') 

Randoin plasina glucose at or above 200 mgldl or 1 1.2 mmolll. 

A positive result should be confirmed by anotlier oS the abo\fe-listed mctliod\ oil ,I 

diffelwt day. unless there is no doubt as to tlic presence ol'significantl~ elcvuteci glucox 

levels. I3y current definition. two Sasting glucosc mcasureiiic~~ts abocc 120 mgldl 01 7 0 

m~i~n l l l  1s consideid diagnostic for diabetcs mc l l i t i~~  

Patients uith fasting plasma glucose bet~\cen 6.1 and 7.0 mmolll ( I  10 and 12. 

mgldl) are considered to have "mpaired fasting glucose" (IFG) and pat~cnts with plasma 

glucow at or above 140 mgldl or 7.8 mmolll alier glucose tolcrancc tc\t arc consrclcrcd to 



hale "impaired glucose tolerance" (IGT). 'Prediabctcs' is eilher IFC; O I  IGT: the latter 111 

particular is a major risk factor for progressloll to full-blown diabetes mcllitus. 

While not used for diagnosis. an elevated glycosylated haemoglobin ( I  IbAlc) ol 

6.0% or .higher (the 2003 revised \IS standard) is considcrcd abnormal bq most 

laboratories. HbAlc is primarily used as a treatment-tracl<ing test ~ctlectiiig avcragc 

blood glucose lcvels over the preceding 90 days (approximately). People with diabctc\ 

\\lie have HbAlc lcvcls with the rangc 01'6.5 - <7.0% have signilicantl! loner incidence 

ol'complicatioiis li-om diabetes (Geiiutli, 2006) 

1.1.6 COMPLICATIONS OF DIABETI<S MELLITUS 

I'he major implication of diabetes is that glucose accuinulates i n  tlic blood instcad 

ol'i11,idc tlie cell \~Iicrc i t  could he mctaboliscdtlil~- energy production 111 tlic s!\tcm 1111s 

abnormality \\hen uncontrolled gives rise to a lot 01' inicrovascular and macrovascular- 

events. 1 he complinieiits of diabetes are far less common and less severe in people who 

have well' controlled blood sugar Ic\els (I)(.(lrlXG, 1995; Natliali r /  i i l . ,  2005). In Iilct. 

the better the control. tlie lowcr the risk ol' complications. Acute complication\ 0 1 '  

diabctcs mellitus ( I h )  include tlie fol lou~ng:  

Iliabctcs ltetoacidosis (I)l<A) which results f'rom rapid niobilisation 0 1 '  Iiitt> ac~cl 

reserves, leads to ketone bod! f'orniation and subsecl~~ent ionisation 01' thc Itctonc 

hodies-prod~~cing acids. This is much morc common in t!pc I diahctcs i i i c l l~ t~~s  

than in t>pc 2 diabetes rnellitus ( I ln~tcd I<ingdom I'roxpccti\c 1)iabctcs Stud! 

Group. 1995). 

Non ltetotic hyperosmolar coma: I his manifests more in patients with very h ~ g h  

blood glucose levels (>300 mgldl). Owing to excess glucose in the blood, the 

hudy tends to withdraw water osmotically Sroln the cells into tlic blood in orclc~ to 

flush out the glucose. The ltidiieys will also be 'dumping' glucose into the urine, 

resulting in concomitant loss 01' \\atcr and hence increase in blood ox molar it^ 
causing dehydration. 

I lypoglycacmia (abnormally-lo~c blood gluco\c): 'I'his may dc\ clop i l '  tlic glucow 

intake docs not cover the trcdtmcnt. I t  may also lead to loss ol' conxloii\ncss. 

coma andlor seizures or brain damage 



Amputation: Patients uith poorly controlled diabetes and hav~ng wounds olicn 

l~cal slouly. even fiorn. small cutj. I hi4 can result i n  inli'ction and S L I ~ X Y I L I C I I [  

amputation 

Chronic complications include tlic following: 

Diabetic retinopathy: 'I'hc result is the growth of fi-iable and poor quality new 

hloocl vcsscls in thc retina as well as macular ocdenia, which can Icad to scvcsc 

vision loss or blindness. Diabetes ret~nopathy is the most fiequcnt causc ol ncu 

cases of bliildiless among adults aged 20-70 years (Fong el (11.. 200.3). S~udics 

have established that glycaemic blood pressure control can prevcnt and dela! thc 

progression of diabetic rctinopathy In p~ticnts \\it11 diabetes ( I l i i ~ b ~ t ~ ~  ('ontrot c~nc l  

C'ompllcation l'rial, 1993; IJKPDS. 1 W8). 

I Iiabetic ncphropatliy : Damage io the liii!iieJ (a )  is J ct anothcs cli1-0111c 

complicat~on of diabetes mcllitus ( I h ) .  I h i s  can lead to chronic renal f'ailu~-c. and 

eventually requiring dial~sis .  Diabetes mcllitus has become the most common 

cai~sc ol' adult l,iclnq f'ailurc uosld\i rdc in tlic developed \\orlcl (Anrc~ rcari 

L>iibetcs Association. 2003). Recent studies habc demonstrated [hat the onsct and 

causc oS diabetic nep!lropathy can be ameliorated to a very significant degrcc b j  

scveral interventions. if insulated at a point very earl) in the course of' thc 

dcvclopmcnt ol'this complication (ADA. 2003). 

Diabetic neuropath) is a descriptive term indicating many typc4 or syndromes ol' 

neural damage. It is the most common chronic complication ol' diabcteb and is 

responsible for a large amount 01' 111orbidity. Thjs progresses through initi;d 

biocliemical abnormalities in the nerke. like accumulation ofsorbitol, depletion ol' 

myo-inositol to impairment in nervc conduction and finally ~~curopath)  

1.1.7 PATHOGENESIS OF LONGTERM COMPLICATIONS OF DIABETES 

I l~perglycacniia ancl its immediate biochemical sequence inducc IIJ ~xxglyc,~em~a 

damage (Fig. 1 . 1  ) by ultimatelq acting via ~ncrcased superoxidc (rcacli\ c oxygen spcc~cs) 

production bq the ~nitochondrial electron transport chain. Under normal cor1cl1t1on4 



glucose is nietaboliscd tlirougli the glycol~tic pathway. An increase in intracclli~la~- 

glucosc will lead to an increase in four patIn\a>s, namely. 

I )  Formation of advanced glqcos~lation clid prod~~cts  (A(3l.s): Protcin non- 

en~yniatic glycosylation ,lnd l ~ r r n ~ ~ t ~ o n  ol'AC;F.,s can crosslinli with collagcn and 

da~iiage basement membranes (13111) m d  also bind to receptors on ni,lnq cells e g 

endothelial cells. ~iiacrophages and monocytcs. 1 hcse can leael to - 

(a) Monocytc emigration. increased endothelial pcrnicab~lity. relec~sc ol cytokincs 

,mi increased synthesis of extracellular matrix (kCM) 

(b) Lhrectl! putliogen~c to tissues e.g. nerves. l d n e y  and retina. 

2 I l ~ c  I l u ~  ol' glucose to sorbitol via tlic sorb~tol (polyol) patIiw,~j ( j l~~cosc  1s 

metabolised by aldose reductase (AII) and sorbitol deliydrogcnasc (SDH) w1i1ch 1s 

accornpan~ed by increased oxitidtion of NADPII to NADI" and inc~cascd 

reduction of NAD'  to NADH (Cabbay. 1975 and Oatec, 2002). 1 his pathwa! ma) 

~mpair ciiclotlielial fiuict~on 1111 ough ~111 cc dl l ll-~cnt mechanisms 

('I) Acci~~ni~Iatcd sorbit01 and Sructosc n11I l e d  to 

(i) Increased intracellulx osmolarity or os~iiotic stress w ~ t h  i n f 1 ~ 1 ~  0 1  

water and osiiiotic cell injiu-y 

(ii) Ilecreased myoinositol leading to damaged scli\+ ,11111 ccl Is '~nd I ct111d 

cap~llary perlcytes result~ng In ncuropatliy and r e t ~ ~ ~ o p ~ l t l ~ j  

(iii) Osmotic s\\elling of Icns ol eyes resulting In opac~ty ol the Icns - 

cateract. 

(b) Increase in cqtosolic NAI)H/NAD'  ratio resulting in a redox imbala~icc 11101 

resembles that wliicli occurs in t~ssue liypoxia and the~clorc 1s te~mccl 

hypcrglycaeniic pseudoliypoxia (Williamson e/ ul.. 1993) 

(c)  I lie recloy imbalance favours the accumulat~on ol' triosc pliosphdtcs wh~cli 

Increases the formation of metliq Igl!oxal and AG1:s and enhances oxidative stress 

I\ hich can be exacerbated by NADI't 1-deficiency-i~idi~cccl depiction ol rccluccci 

glutathione 

3. Increased flux through the Iieuosainine pathway leading to an increase In iii~ctosc- 

(,-phosphate (F-6-P) 1 -6-P is converted to glucosainine-~~-plio~1~Iiatc by the 

ciuyme gluta11ii11e:fructose-6-pliospIiate aniinotransl'erase (GFAT) and 



siilisequei~tly to uridyldipl~ospl~ate-N-~icet~~lglucosai~~iiic (ULIPNAG). 

Incorporation of IJDPNAG into scrine and threonine residucs ol' transcription 

factors leads to multiple effects on gene expression such ax. 

(a) Increased transcription ol' lransl'orming growtli Ihclor t3 l ( I (; 1 13 

which leads to increasc \ ascular permcability and ~1nyogcnc41s 

(b)  Increascd transcription of platelcl activating I'actor ~nliibitor - 1 (PA 

1 ) Icading to decrease fibrinolysis resulting in \ascular occlusion. 

4. ,2ctication of protein l~inase C' (I'KC') via dcnovo synthcrsis 01‘ diacylgllcc~ol 

(IIAG). PKC is s!nthcsised de~lovo li-om DAG by a stepu isc ucj l'ltion ol 

glycolytic intermediates. dihydroxyacetene phosphate (111 li41'). gl>ccrol-3- 

phosphate (G-3-P) and phosphatidic acid (PA). PI(C activation I m~dtiplc 

cl'kcts o n  genc expression which includc: 

I>ecreasing endothelial nitr~c oxide synthase (NOS) a c t ~ c ~ t y  Llild O I  

increasing cndotheli~i- l ( 1 4  1 - 1 )  synthesis Icacling to blood Ilou 

abnormalities 

Induction of vascular. cndollieli,~l g~owth  hctor (V1 G I * )  ~cwl l ing  In 

~ncrc,~sed vascular pc~rne~lbll~l! md mgiogenesl4 

Increased fibroblast growtli lac to^ (FGI-) leading to ~ncreascd 4yntIic414 

ol'collagen ,md fibronectin rcs~~lting 111 capilla~ y occlusion 

Increased expression of platelet activator inhibitor- l (PAI- I ) resulting 

in impaired i ibr~nolys~s 

In addition. liyperglycaemia may lead to ~ncrease reactive oxygen spcc~cs by 

deli\ ation of several N "IDI'H oxidases. inactivalion and r ed~~ced  cxprcsslon ol' the 

mlioxidant enzlmes catalasc and superox~dc d~smutase (SO[>) O I  iincoupl~ng 01  

endothel~al nitric oxide syntl~asc ( N O S )  resull~ng III oxidative strcss 
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Fig. 1 . 1 :  Mechanisms by which hyperglycaemia and its immediate biochemical 

sequences or sequelae induce damage 





1.1.8 TKEATMENTIPREVENTION O F  IIIABETES MKLLITUS 

Diabetes mellitus is currentlq a chronic disease w~thout a cure and iiicd~c:~l 

emphasis must necessarily be on managinglavoiding possible short-term as \vcll as loll- 

term diabetes related problems. Given the associated higher risks of cardiovascular 

disease, lil'estylc modifications should bc ~~ndcrtal\cn to control hlood prc5\~11.c anel 

cholesterol by cxcrcising. consuming appropriate diet and avoiding siiiol\~ng (Adlcr 01 (11 . 

2000). 

('urrently type 1 diabetes iiicllitus can be treated only with in\ulin. mith carcli~l 

monitoring of blood glucose levels Apart from the common subcutanco~rs injection. ~t i \  

also possihlc to dclivcr ~nsulin by a pump (U'il4pcdia. 2007) wli~cli , ~ l l o ~ \  c ~ n t ~ n o u ~  

inr~ision of insulin 24 hours a day. It is also possible to deliver insul~ii with an inhalecl 
# 

powder. 1 ype I diabetes mellitus treatnient must be continued indefinitely. I ypc 2 

diabetes mellitus is usuallq first treated by attempts to increase physical actibity, decrease 

carbohq dratc intake and lose some weight. I liesc can restore insulin scn\itt~itq anel c\ cn 

achieve satislactory glucose control. somct~mes for years. I lowevc~. the 11n~1crly111g 

tendencq to insulin resistance is not lost and so adliercnce to diet ,~nd  cxcrciw r n ~ ~ \ t  

continue. The L I S L I ~ I  next step in type 2 diabctcs nlellitus treatment ( i f '  ncccssary) 1s 

treatment with oral administration of antidiahetic drugs which can siill bc uwd to 

impro\u insulin production (c.g. sulfonjlurcas), to regulate inapptol~-~aic rclcaw ol 

glucose by the liver and attenuate insulin tesistancc to wmc  c'\tcn( 

(~netformiii:biguanides), and attenuate insulin resistance (e.g. thia~olidincdioncs). 

Although there is no cure for diabetes mellitus, controlled studim have shown that 

intens~vc glycaemia control goes a long way to reduce the associated n lorb~d~ty  and r1s1, 

for complications (Stratton e /  ((1.. 2000; DC'C'l', 1993; Ohkubo e /  ul. ,  1995). 

Since tlie actual mecliaiiism by whch type 1 diabetes iiiellitu~ develops i, not 

l<nown. there are no prcventi\e measurcs available for type 1 diabctcs iiiellit~~s. Stucl~c:, 

havc atlributcd tlie proicctive efl'cct ol' hicu\t feeding 011 the dcvclopmcnt ol' iq pc 1 

diabctc4 mcllitus (Kostraba c/  ul. ,  1999) 

Lindstriim el  u1. (2006) anti l<nowler c J /  ul. (2002). have demons(rated that tqpc 2 

diabetc5 incllitus risk can be rcduced in man) cases by nialting changes in diets and 

increasing physical activity. This is also supported by American Iliahctes Associd~on 



(2006) ~ i l i ~ c h  recommeiids that good amount ol'iibrc and wliolc grain n ~ y  rcducc the rlsl, 

of typc 2 diabetes inellitus. They niaintaincd also that tlicrc is not c110~1gli c o n s i s ~ e ~ ~ t  

evidence tliat eating foods of low glycacinic index is helpful. but nutri~ious, lo\\ 

gl ycacniia-iiidex Ihods are encouraged. 

Recent reports sho~ ied  delaqed progression to diabetes in predisposed patients 

tlirougli the use ol'metforinjn (Kno~iler  cJ /  (11.. 3002). resiglitazone (Gerstcin el  rrl., 2006) 

and Valsartan (Kjeldsen c /  ul., 2006). 

13reastfeeding niiglit also be corrclakd w ~ ~ h  the prevention of typc 2 d~abctcs 

niell itus in mothers (Stilebe c /  ul., 2005) 

1.1.9 PREVALENCE OF DIABETES 
b Diabetes is a highly prevalent chronic disease. Survey condi~ctcd between 1988 

and 1994 estimated the prevale~ice or  diagnosed and ~~ndiagnoscd diabctcs in pcoplc .~gccl 

20 and above at 15.6 inillion (Ilarris e/  rrl.. 1998). Of these people, ahout 90-95% have 

tqpe 3 diabetes inellitus with a liiglier prevalence seen among N a t i ~ c  Americans and 

Americans of African. Mexican and Sapaliesc descent (Harris (.I trl., 1995, White e/ L I I  , 

200;). I t  has been postulated that, with the growing obesity problcm. diabetes u ~ l l  

become a n  even ~iiorc pervasive threat ( M o l d  c /  rrl.. 2001). 

In Nigeria, diabetes mellitus is the most common cndocr~nc disease w ~ t h  ,I 

prevalence of about 2.2% (Adebisi c/ rrl.. 2003; Alebiosu and Kadiru, 2003). and so 

constilu~cs a major health problem (C'liul<vcal< c/ rrl., 2002; Fabiyi o/  '11 , 2002). In 2000. 

according to tlic World Health Organisation (WI-IO. 2006). at least 1 SO m~llion pcoplc 

worldwide suffer from diabetes. Its i~icidciicc is incrcas~ng rapidly, a i d  ~t I S  cs~imalctl 

tliat by the year 2030, this number \bill double. The increase i l l  incidence oi' diabetes In 

developing countries fol lo~is  the trend of urbanisation and lifestyle clianges, perhaps 

most iniportaiitly in ' Western-style diet'. suggesting an environmental (dictarq ) effect 

1.1 .10  ALTERNATIVE THERAPY 

In addition to the ortllodox liypoglycae~nic therapies, tlicre arc also niany plants 

and plant extracts ~iliicli possess i i l a r ld  hylmglycae~iiic activity. F ~ o ~ i i  ancient times 

SLICI I  ~iiatcrials II ,LCC bccn i~stsd for lllc Irc,~tnicnt ol' diabetes n ic l l~~us  and still lind 



cxtcnsivc use in traditional medicine worldwide. Thcrc have been several cornprehen~~vc 

reviews covering plants that possess liypoglqcaemic priiiciplcs (Oliver-I3cavcr and 
P Lahiid. 1979, Ivorra e/  u l .  1989). Sekcral ~cports have also diown ,I good numbc~ ol 

plants with antidiabetic actii'ity as well as lhcir constitueiils, worldu~cic usage. and thc 

cheniical structures of their phytoclie~nicals (Atta-LJr-Kahnian and Zamm. 1980; I lamda 

e l  ul.. 1989). 

'1'0 mention but a few. tlie hypoglycaemic activities of G J / I I I ~ M I I  J Y / \ ~ ~ ~ \ I T ~ J  leal' 

(Sl~an~iiugasundaram e/  rrl., 1990). 'li.igo~ic~II~i foecz~in-gr~rc~c~ui~~ seed (Sliarma e/  111 . 

1990). Mzrw .supien/zri~i (I'ari and Mahcswari, 1999). Loran/hu.s nzicl.rln/h~r\ (niistilloc) 

(Osadcbc e.1 ul.. 2004) have been demonstrated i11 different minials models. Olher stud~cs 

bq Llgochul<wu and Habady (2003). Puslil~araj u1. (2000). Grover el ul. (2002) and 
b 

Steven c/  u / .  (2004) described the antidiabetic propcrtics of ( J ' O I I ~ , ' I . O M ~ M I L I  ~ L I / I ~ O ~ I I I I I I .  

respectively using animal models. 'There have also been successful clinical trials ol' some 

of these antidiabetic plants (Margollin e /  ol.. 1998; Vultsan e/  ~ d . ,  2002). 

I t  is generally agreed that ~nedici~ial plank and their products :Ire rclatikcl! wl21 

than synthetic drugs and offer a more wliolistic approach to treatment. I'erliaps the wal 

nature made it, ~iiedicinal plant constituents mimic niorc closely the natural constitution 

of the animal (human) system (Evans, 2005) 

About 80% of the world's population relies on herbal medicines, and 

governments ol' I'liird World countries. unable to sustain a complctc covcragc n i rh  

Western-tjpe drugs, have encouraged tlie rational development 01' traditional treatments 
e (Ev~uis. 2005). Presentlq, the World Health Organisation is taking an official interest in 

such dcvclopinents in the bid to inalte liealtli care available for all. 

1 . 1 . 1  1 EXPERIMENTAL DIABETES 

Diabetes mellitus is induced in ciperimental animal? using chemicals wh~ch 

selectivelq destroy pancreatic p-cells. 'l'liis is cpite convenient and simple to use. 'I he 

  no st con;mon tliahetogenic agents \~liose cytox ic ~iieclianisms have been intcnsr~ cly 

elucidated are L~llouan and streptozotocin (S~l t~~dels l t i .  2001). Alloxan (2.4.5.0- 

tetraoxypyrimidine. 5,b-dioxyuracil) was lirst describcd by B ~ q p t c l l i  in 181 8 but 



Wohler and Liebig first called it alloxan and described its synthesis (Lenzen and Panten. 

1988) I lie ii~abctogcnic propel-tics 01' this substance were lirsl reporlccl hg I>u~ln c j /  (11 .  

(1043) in rabbits. Hence it has been util~scd In inducing type 1 diabctcs illellitus i n  ; ~ l i ~ i i l ~ ~ l  

model. 

Alloxan exerts its diabetogenic action mhen administcsed parentcrallq 

(intravenous ( i . \  ), intraperitoncal (i.p.) or jubcutaneously.). 'l'lic closc ~ C C I L I ~ I ~ ~  Ii)r 

diabctcs ~nduction depends on the animal spcc~cs, route of administrat~on anel nutrit~onal 

status. I-li~man islets are considerably more resistant to alloxan than tliosc ol' otlic~ 

animals (Eizirilt o /  ul., 1904). 

I he most frecluentlq used intravenous dosc of this drug to induce diabctcs in rats 

is 65 mglltg body weight (Gruppuso e /  ul., 1000: Hoylom e /  I / / . ,  IC)92). 1 his dosc mu\t be 
b 

doubled or tripled if it has to be giken via other routes (Katsumata e /  ul.. 1W2; 10C)3). 

Fasted animals arc Inore susceptible to alloxan (I<atsumata L)/ ul., 1992; Szkudelsl\i c J /  ul.. 

1998) while increased blood glucose provides partial protection (Bansal e /  ul.. I980 and 

Szkudclslti L./ ul., 1998). 

IJsing isolated islets and pert'uscd rat pancreas ~ q x c t i v c l y .  W c ~ v c r  c /  ~ i l .  (1078) 

and Klibcr e/ ul. (1996) demonstrated that alloxan evolies a sudden risc in insillin 

secretion just after alloxan administration. 

'1 hc alloxan induced insulin releasc which lasts shortly is then li~llowed b> 

complete suppression ol'the islet response to glucosc (Klibcr e /  ti/ . ,  10%) I his actton ol' 

alloxan in the pancreas is preceded by its rap~d uptake by the \3-cells (I3oquist ct d., 

1983). 1 here is Iinally Sormation of reactive oxygen species (ROS) that reduce alloxan to 

dialuric acid which forms a redox cycle uitli alloxan. The ROS formed actually target the 

IINA 01' pancreatic islets (Taltasu r /  ul.. 1091 '1). Streptozotocin (S I /. 3-itcox) - 2 4  ;- 

(i11etliyl-3-1iitroso~1reic1c~)-II-glucyra1osc) is synthcsiscd by S t rep to~n~ccs  achromogcns 

and is u\ed to induce both type 1 and type 3- diabetes mcllitus. I'lie li-cclucntly ujcd s~nglc  

intravenous dose in adult rats to induce type 1 I l m  (IDDM) is between the dosc range ol' 

40 to 60 mglltg body weight (Ganda c/ trl . 1976; higher doses may be ~ ~ s c d .  S 1 / I S  also 

efiicacious when piken i p and In ~ni~ltiplc lob itoscs I ' J I X  2 can be rnduccd In rats 17) 

an intravenous or intraperitoneal treatment w ~ t h  100 mg ST% per I\g body we~ght S I /, on 

the day of  birth (Portha e /  crl., 1974) or at 8 - 10 weeks of age and thereafter. 7 he treated 



rats manilkst mild basal liyperglycaen~i,l. an ~mpaircd glucose tolcrancc and a loss 01 '  li- 

cell sensit~~titq to glucose (Giroix e/  ul.. 1983). West c/  d. (1906) reported that S 1 / ,lt 

lirst abolished tlic p-cell response to glucose with a manifested liyperglycacn~ia and drop 

in blood insulin. Tcinporary return of responsiveiicss wliicli then appears is followed by 

its pcr~ni;~iiciit loss and the cells are claniagcd 

S 1 /, is taken up by pancreatic [I-cells via glucose transportel-GI 11 1 2 licccnt 

studies l i a ~ ~  also proved t h a ~  the main rcasoii Sor tlie STZ induced P-ccll dcath 1s 

alkylation of DNA (Delaney cl ul., 1995: tlsncr c /  ul., 2000). Tlic all<! lating actikity ol' 

STZ is related to its nitrosourea moiety. es~iccially at the 0" position ol'guaniiic ST/. was 

Ib~uncl to genesalc ~.cactive oxygen species uliich also contribute to LINA I'ragliicntation 

and evoke other deleterious changes i n  the cells ('I al;asu c /  ul., I99la; I3cdoqa 1.1 (11.  

1996). + 

1.2 OXIDATIVK STRESS: ROLE IN DISEASE 

Oxidative stress is defined in general as cxccss li~rmation ~ l d / o r  ~ i i s ~ ~ l l i c ~ e n t  

r e m o ~  '11 oS high]) reactik c molecules such as rcacti~ c 0x1 gcn species (IiOS) and rcacti\ c 

nitrogen species (RNS) (Sohansen e /  al., 2005). 

Oxida t i~c  stress can also be rclkrrcd to as tlie imbalance In f"~vour ol' thc 

gencrat~on of' reactive oxygen species against the a c t i ~  itq ol' tlic ml~oxidant dclcnccs 

(Aruoma. 1999). It has been obscnwl by Vaqa and A ~ i r a m  (2001) that the patliogciics~\ 

of dcgcncrative disease involves tlic sliili in balance of' the above mechanism. S o m ~  

daniagcs caused bq ovidative stress iiiclucle: oxidative lipid damage, ox~dative damage to 

proteins and oxidative DNA damage (Brxllcy and Minn. 1992. Alhnas'er. 1985) :mcl 

even cell dcath. 

Oxidative stress is associated t i  a lot of' diseases such as cancer, 

atlierosclcrosis. diabetes. rlieumatoids arthritis. I'arl\inson's disease, malaria and 1 llV 

infection/AIDS (Aruoma. 1993: Aruo~iia and I lalliwcll, 1008). I lie nature and c~tc11t 01' 

oxidative stsess injury depends on tlie'ava~lability ol' ucak bonds ( S L I C I I  '1s clo~~ble ho~lclh) 

on tlic molcculcs with wliicli tlie radicals will react. 'Ihcy use also al'fcctcd b~ thc 

availability of nictal ions/catalysts such as iron and copper that will itbstract electrons 

from reactive ovqgen species. Tlie presence of' antioxidant defenses. tlie cxprcssion ol' 



certain proteins (DNA repair enzymes) also afl'ect them. l'hc mccha~iism 01' ox ida t i~c  

stress induction through drugs. Fenton chemistry, trau~iia or enzymes xtivation. It can 

also bc induced through the delocalisation 01' the singlet electron on the radicals 

(Friedberg el ul.. 1995: Sancar, 1996). 

1.2.1 OXIDATIVE LIPID DAMAGE (LIPID PEIIOXIDATION) 

111 the presence of the li-ee radicals such as hydrosyl radicals, lipids undergo 

~xrosidation. 1,ipid peroxidation involvcs tlic direct reaction of lipids with free radical 

intermcdiateu and semistable peroxides. l'liis auto-o~idation of' lipid\ ~nitiatccl by li-cc 

radicals proceeds through a complex process involving rearrangc~iicnt and  dehtruction ol' 

double bonds in polyunsaturated fatty acids (I'IJFA) oS membranes (C'eballos, 2000). 
b 1,ipid peroxidation contributes to the development of numerous diseases such ah 

diabctcs. cardiobascular diseases, and cau\e\ impairment ol' rnc~l~bl-anc ~ ' L I I I L . ~ I O I I \  

(Orreii~us ci cil.. 1989; Bast, 1'193). The more ~~nsaturated a lipid is. thc mole pronc i t  I S  to 

peroxidation. End products of lipid peroxidation such as malondialdeh~ cic (MIIA) and 4- 

hydroxynonenal (HNE) can cause protein and DNA daimage (Aruoma, 1999). 1,ipicl 

peroxidation involves three major steps: initiation, propagation and terniinati~n. I'lic 

initiation 01' lipid poxida t ion  involves tlic alxtraction of hydrogen atom a double ho~lcl 
. .  . .  

in the lipid by free radical. 'The products ol 1111t1ation phase could 1111~1crgo molcc~~I;~r  

rearrangement to form con-jugated dienes. l'hc propagation phase involves the abstraction 

of another hydrogen atom fi-om another unsaturated lipid molecule bq the lipid-pel-oxyl 

radical li~rmed by the reaction of triplet oxygen with the initiation product at thc initi:~lio~i 

phase. This reaction leads to the formation 01' lipid peroxides and lip~cl liyclropcro\~dcs 

'The termination phase is accompanied by degradation or decomposition. I'lic doublc 

bond then clcavcs. leading to the forniaticui of' aldehyde such as ~iialondialdchydc, 4- 

hydrou nonental or hexanal (Estcrbauer ei ~ 1 . .  1'192: Esterbauu, 1095). Most lipid 

peroxidution reactions are initiated by the hydroxyl radical which in~tiatcs a chain 

reaction (at very low concentration) involving triplet oxygen that leads to lipid 

peroxidation. 



ROO. -t RJ-I ->R' +- R 0 0 H  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ( I 7 )  

I'lie lipid 11q.droperoxidc is unstablc and in the presence of'a mctal catalqst such 21s 

iron li~rms a rcactive all\oxy radical (Reaction 4): 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  KOOH + l;c2+ OH t RO. t ~ e "  ..( 1 4 )  

I'hc above reaction ampl~lics the chain reaction involved in lipid peroxid ;I I '  ion. 

1,ipid peroxidation reactions are terminated when thc peroxy radicals cross-link or 1i)l.m 

co~i.jugatcd products (Reactions 5 - 7): 

R . + K .  - b 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  K R : . . . . . . . . . . . . . . . . . . . . . . .  ( 1 . i )  

K .  + ROO.  - ROOR . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ( 1 .h)  

ROO. + K O 0  -> ROOR + 0 2  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .: . . . . . . . . . . . . . . . . . . . . .  .( I .7)  

1.2.2 OX1 DATIVE STRESS IN TM E LIVEII 

I'lie livcr is a multi-lobed organ in tlic abdomen saddled with tlic rcsponsib~l~~q ol 

metabolisi'ng toxic substances in the body. 'l'he metabolic by-proclucts in tlie livcr. 

expected to be no11 toxic, sometimes become more toxic than the initial substance. Tlii:, 

contributes to the developnient of liver diseases (Aslial< e /  al.. 1991). 'l'lic major I'unctions 

ol'the livcs can bc detrimentally altciwi by liver i~i.jury resulting li-om acutc or c l i ~ u ~ ~ i c  

exposure to toxicants. 

'l'lic bq-products of metabolism of toxic substances in tlie livcr i n c l ~ d e  oxygen- 

containing molecules that destroy vital cell components through oxidation (12erna~lJc/- 

C'heca cJ/ ul.. 1097). 'l'he liver contains considerable amount of polyunsaturatccl 1'~ltrq acids 

that are prone to damage by free radicals, through oxidative stress (Guo r t /  r l l . ,  2003). 

L,iver in,j~~ry and altered metabolism in  livcr might be caused by inllnmmation- 

promoting substances called cytoltines. For instance a cytoltine. '1'NF-u (tumour necrosib 

factor alpha) causes cell damage by promoting oxidative stress in the mitochondria 1111s 

may t1icrcli)re play a role in  the development o l ' l ~ ~ e r  diseases resulting Isom thc intal\e o l  

toxic xubstancex. particularly if antioxidant deScnces are i~iadecl~~atc I , ~ \ e r  cclls depicted 



01' niitochondrial glutathione, for instance. bccomc more susccptihlc to oxidative stre\\ 

L ' l i ~ ,  is 4ecn i l l  al tel-ations of  mitochonct s~al  stlucturc and l i~nct~on.  ,rnd ,I \ I ~ I I I  l i ~ i l ~ ~ t  

decrease in energy production (Fernande/-C'heca. 1907). 

I lie protcctivc cffiet of antiox~dar~t\ on oxidative liber injury has bccn reported 

(Na7iroglu el 121.. 2004: Ozdil e/ (11.. 2004. I'ernandez-Checa 1997; C ole11 c/ ~ 1 . .  1907, 

Garcia-Rui/ el ol., 1094; bernande7-('11cca el ill . 1093) 

1.2.3 OXIDA'IIVE STRESS IN THE KIDNEY 

Itendl cxcrction is a mqor rou~c  t11roi1gIi which toxic substances arc r cmo~cd  

fi-om tlic body. Increased flux of substances into the Itidnc) is associaled with val-lous 

changes and oxiddibe stress in the kidney ( B r a d  ich el trl., 1 904). 
# 

tlypergllcacinia is I cno~n  to cause ox~dative stress i n  tlic Itidncy via the 

fimiiation of hec radicals ( I<o~a  c/ ul., 2003). Ilyperglqcaemia induced increases in 

glucosc antioxidation, protein glycation and subscclue~~t oxidativc degradation ol'glycatcd 

pl-otc~n lead to enhanced production ol 'rcL~c~r\ c oxqgcn specics ( l < u l \ l a  01 ( I / . .  1007) 

Oxidat~ve renal disorder lias bccn u ~ d c l y  associated with d ~ , ~ h c t ~ c  cond~t~ons  

(Koya e /  ul.. 2003; 1,ilnaye e/ u1.. 2003; Ohlti~bo e /  d.. 1995: I<al<ltar 01 rrl . 1907) '1 h i \  

has bcen linked to hyperglycacinia (Brownkc, 2001 ; I<al\hd~ el (11 , 1997; l l a  and 

l<im.1099). Oxidative stress has been suggested extensively as a potential mccha~lism li)~ 

diabct~c: ~lcphropathq since it promotcs thc li)rn~atlon of advanced glyc,lr~on cnd p~oiI~rct\ 

(AGE). a d  protein It~nase C' (PI<C)/i~iitogen-actii~ated protciii Itinasr: (MAPI<) act~uarron 

(Brownlee, 200 1 ; I la and Kim, 1999). 

Indeed. the involvement of oxidative stress in diabetes lias been indicated in the 

presencc of' l ip~d peroxidation products and 8-hydroq deoxygi~anosin~ in thc I~idncq ol' 

strcphzotoci~i hic\uced diabetic-rats (-IIvric c.tcrl;. f997:dla ~ c L I / : .  1WY4)1 I'iotein oxiclation 

prodi~cts have also been found (1,imaye e/ ( I / . ,  2003). 

In diabetic situation. antioxidants have been found to reduce the oxidative stress 

induced in thc kidney (Anyaney~ilu and C'hopra. 2004; I<edziora-l<o~.~~~~towslta c j /  crl.. 

2003: 13aydas L./ ul., 2002). 



1.3 NArI'tiRAL_ DEFENCF AGAINST OXIDATIVE STRESS A N D  

ANTIOXLDANTS 

'l'lic body defences against ROS-induced damage can be eliminated by the 

number ol' enzymatic and lion enzymatic antioxidant mechanisms. Antioxidants can he 

defined as substances which when prcscnt in low concentration compared to those ol' 

oxidisable s~thslratc, significantly delay or inhibit oxidation 01' that si~hstrate. 'l'hcj L I I C  

complex and diverse group of molecules that protect hey biological silcs li-om oxiduti~c 

damagc (Halliwcll, 1990: Gutheridge, 1994). 

I'hc enzymatic antioxidant systems include superoxide dismutasc (SOI)). cntalasc. 

glutatliionc peroxidase (GSH-PI<) and glutathione reductast: (GSSG-KX). I'xamplch ol' 

the non enzymatic antioxidants are vitamins A. C and E; glutathione ((is1 I ) .  lipoic acid. 
h 

carotcnoids. trace elemcilts like copper. ~ i n c  and seleni~um; coenzymes ($10 (C'oQ 10) and 

cofactors like 1i)lic acid, uric acid. alb~umin and vitaniins B1, B2, B6 and 1312 (.lolianscn 

Aiitioxidnnts can act by any of thc hllowing ways: 

By removing oxygen or decreasing local oxygcn concentration 

By removing catalytic metal ions 

Hy inhibiting key reactivc oxygen spccics or 

Hy directly sca\enging l'rce radicals lil\c'hqclroxy~, alI\oxyI and pcl.oxj1 spccies 

Breaking the chain of an initiated scqucncc 

Qi~enching or scavenging singlet oxygen 

Antioxidants that protect lipids against Srcc ruci~cal d a ~ i i ~ ~ g c  ma) actuall> 

accelerate damage to other molecules such as LlNA, carbohqdrates and protein under 

certain conditions (Gutheridge, 1994: Aruoma, 1999). 

Llecreascd levels of these essential antioxidants in the circulation have been 

assoc~atcd with increa\ed risk of degcncrativc diseases such as diabetes, cancel and 

ageing (Sics. 1999) 

In effect. a possible way of' prc\cnting ROS-mediated ccllular illjury is to 

augment endogenous oxidative dcl'ence systclu through dietary intake ol'antioxidants liLc 

the vitamins. Vitamin (' acts as a strong anl~ouidants in plasma and prcscnts a hynergistic 



effect with vitamin E (Kaneto c i  L I I . .  1090). Studies Ilave also' revealcd that \,itanlin 1 

intake improved several aspects of diabetes pathology. Vitamins b r e d  chain Ie~igth ol 

lipid radicals and scavenge the pcroxy radicals thus Sormcd (Vaya and :\viram. 2001 ) 

1.3.1 SIJPEKOXIDE DlSMlJTASE (SOD) IEC 1.15.1.1 1 
Superoxide dismutase formerly known and identilied with such tiamus as 

erythrocirprcin, indophenol oxidase and tetrazolium oxidasc catalyses the 

dis~nutation of superoxide anion to hydrogen peroxide and molecular o\ygcn a\ 

shown below (Ulieda e l  crl.. 1907). 

Superouidc dismuktses arc ubiqu~tous ~~~ctalloproteins that play a nl;!lor role i n  l i ~ i n g  

cells and havc been widely used as pharmacological tools 1 1 1  tlic S I L I ~ J  ol 

pathophysiological mechanisms. 

Superoxide disinutases (SODS) are PI-went in all aerobic organisnis and most 

subccllular compartnients that generatc acti\nted oxygen. It is tliercliu~ assumed that 

SOL) has B central role in tlie del'ence ag'iinst oxidative stress (Hcyer c i  (11..  1901; Homier 

ei LI I . .  1992; Scmdalis, 1993). There are tlircc i s o z ~ ~ n e s  01' supcroxidc dismutasc 

classiiied on tlie basis of the metal cofxtor;  tlic MN-SOD Sound i n  thu ~ ~ i i t ~ c l i ~ ~ i d ~ ~ i i ~  01' 

euliaryotic cells; the C'uIZn-SOD found i n  the cytoxol and chloroplast and the tic-SO11 

found in tlie chloroplast (Bowlcr L'/ 611.. 1002) l'hc Mil-SOD and I;c-SOI) arc al\o Ion~ld 
i. i n  prokaryotes and euliaryotic algae: I t  has bccn shown that SOI) a c t i ~  ity is ~ncrcasccl In 

cells in response to d i ~ e r s e  environmental and xenobiotic stress. 

Maritini ei al. (2003) reported that diabetes liax ~nultiple effects o n  tlie protein 

le\el\ and act~vity of this enLblne, f~rtl icr augment oxidative stl-c\s b~ cauvng 'I 

supprexsed defence response. 

Hence, modulation of this enzyme in target organs prone to diabetic complication 

such as the kidney may prove beneficial in the pre~ention and management of' I\~dncy 

failure (Sohansen c i  ol., 2005). 



1.3.2 C'ATALASE IEC 1.1 1 . l .6] 

Catalase is a liaem-containing enL!rnc tliat catalyses the disniuta~ion oi'liyd~ogcn 
P 

perox~dc Into uatcr and o\ygcn The cn/mc is prcscnt in  all xrobic  c u h u ~ ~ o k \  I t  I \  

important i n  thc removal of hydrogen pcrox~dc generated in pcroxoso~nes ( r n ~ c ~  obod1c4) 

by oxidascs in\olved in o-oxidation of' l'atty ac~ds,  the glyoxylate cjclc and purine 

metabolism. Catalase was one of the iirst enzjmes to be isolated in a higlily puriliccl 

state. Multiple fornis of  catalase liave been described and all forms arc tetr,uiicr~ 

(Kedinbaugh P /  tli., 1988; Scandalis, 1990). I ,xaminatioii oS the S ~ L I C I L I ~ C  01 bccl I I \  CI  

catalase showed four NADPl-1 binding sitcs pel- catalase tetra~ncr (1:ita and liossniann, 

1985). but these sites were not in close association with tlie hydrogen peroxide ccntrc 

Instead, NADPH S~~nctions in animals catalase to protect against activation by hydrogen 
+ peroxide ( I < i r l < ~ i i i ~ ~ i  c /  trl.. 1987). 

Catalase is very sensit i~ e to light and has a rapid turnover ratc s~ rn~ la r  to t l i d  o l  

111 protein of photosystem 1 1  in plants (Hertwig e l  ul., 1992). This ma] be as a result 0 1  

light absorption b! tlie Iiaem group or perhaps hydrogen peroxide i n x ~ i \ a t ~ o n .  

Never~liclcss. stress conditions which I-cducc the rate ol'pl-otcin turnove~. such as w l i n ~ t ~ .  

heat sliocl\ or cold, cause the depletion of catalasc activity ( t I c r ~ ~ i g  e /  611.. 1992. 

Fcirabcnd 01 ul.. 1992). 

1 lie reactions catalysed by catalase are Sollo~is: 
. . 

2H201 ----+ 21 1 2 0  i- O1 . . .  . .  .(Catall t ~ c  a c t ~ v ~ t y )  . . . . . . . . . . . . . . . . .  . (  I . ' I )  

(Decomposition) 

. . . . . . . . . . .  . .  ROO)] + A!12 -. H 2 0  + KOl I + A .(Periodic activity ) .( 1 10) 

(Oxidation) 

1.3.3 THE GLUTATHIONE SYSTEM 

(;l~~tatliinne (GSH), present in plant>. animals and sonic bacteria. olicn at high 

levels, can be thought of as a redox buffer. It is deribed from glycine, glutamate and 

spartat. The o x i d i d  form of glutathione (GSSG), produced in tlie c o u ~  sc ol' its redo\ 

acti~itics,  contains two glutathione ~nolcculcs linked by a disullide hond (Nelson and 

Cox, 2005). 



'I'aylor L'I ul. (1993) ascribes important cellular defence against ROS to the 

glututhionc systcm. which reacts both dircctl~ with radicals i n  non-en/) ~nalic react io~~ It 
v 

also s cnes  as an electron donor in the ~cduction 01' p o x i d e s  wlie~c it protects cell\ 

against injury. IIence. glutathione acts as a direct scavenger as well as '1 cosubstratc li)r 

glutatlirone pcroxidasc. It is a mqjor intracellular redo1 systcm (.loIian\cn e /  ul., 1005) .  

Tlie importance 01' intracellular GS1 I drstribut~on and redox ytatu\ ol' cells viabrl~ty I \  

supportccl by tlic eiidence that tlic depiction 01' GSIl or inhibition 01' its s ~ n t l i e \ ~ s  

extensively affects scveral fimctions (Yosliida 01 ul., 1990; Cliiba 21 d..  1996). 

I'he activities of glutathione peroxidase (GSH-P\) and glutatliionc reductasc 

(GSSG-Rx) have been reported to be higher in cellular compartment\ i.e. mitochondria 

and microsomrs whcrc excess li-ee radicals arc known to occur 
b 

(;lutatliione S-transferase (GS'I. EC.2.5.1.18) is a Samil~ 01' multilimclronal 

isorymes .fourid in all eultaryotes (Rajurlm c/  ul.. 2003). It catalyses both glittatliionc 

dependan1 conjugation and reduction (Ketter 01 ul., 1903) 

GS'I' detoxifies endobiotic and xcnobrotic c ~ ~ i i p o u ~ i d s  by covale~ltly l i t i l ~ i n ~  

glutatliionc to a hydrophobic substrate. Ihrming Icxs reactive and morc polar glutathro~~c 

S-conjugate (Neueferilid e /  trl., 1997). 

1.4 ENZYMES OF TISSUE DAMAGE 

(a) Aspartate Amino Transferase (AS?') IEC 2.6.1.11 

This enzyme which mas formally known as serum glutamate oxalo-~iccta~c 

transaminase (SGOT) is a cytosolic and niitocliondrial en,qme that catalyses the 
C transamiliation of L-aspartate and u-ketoglutarate, forming oxaloacetate alicl I ,-glutainatc 

(Rxn I .  l 1') (Giannini e /  ul., 2005). 



OOC' - C H 2  CH2 - C'H - COO + OOC' - CIHl - C - COO 

I,-glutamate Oxaloacctatc 

OOC' - C ' H 2  C'H, - C' - COO + OOC' - C'H2 - CH - COO 

AS'I is activated b> pyridoxaminc 5-phosphate and inhibited b~ malate. adipatc, 

succinalc'and glutamate. AST is present in many mammalian tissues such as the hcart, 

musclc. liver. sl\eletal muscle. ltidneys, intestincs and plasma. 

b) Alanine Aminotransferase (ALT) [EC 2.6.1.21 
, . I his was previously ltnown as serum gli~tamic pyruvic transaminase (SGPI'). It is 

also correctly referred to as alanine aminotransf'erase (Kaufinan and Greene. 1003: 

Stocltham and Scolt, 2002). Alanine aminolransikrasc (AL'I') is a cyroplasrnic cwylnc 

found principally in the liver with only small amounts being prcsent i l l  oLhes organs. AI . ' I  

catalyses the transamination of u-ltetoglutaatc and L-alanine. forming glutamate and 

pyruvate in a reversible reaction as shown below (Rxn 1.12) (Bain, 2003). 



CH; - C - C O O  + OOC-CH? - C t12 - C' - C 00 

T'hesc enzynics are important diagnostic tools in the diagnosis of heart and livcr 

damage caused by heart attack, drug toxicilq or infcc~ion. Livcr degwcralion c x ~ s c d  

either b\ chemical toxicity or infection is accompanied by leakage ol'tlicsc cn/ymes lium 

injured hepatocqtes into the blood. l'hese enL>iiles also leak from the in j~~red  hear1 cells 

into the bloodstream after heart attack (Nelson and Cox, 2005). I>etermination of thcsc 

activit~es of these enzymes is a relatively sensitive indicator of hepatic and or cardiac 

damagc in ccrtain animal spccies. 

(c) Biochemical Roles of AST and A L I  

Abnormal liver ewyme levels may signal liver damage or alteration in bile Ilou. 

The livcr is a large complex origin that is well dcsigned k ~ r  ils central rolc ill 

carbohydrate, protein and fat metabolism. I t  is the site where L L ' I S ~  products 01 

inetabolisin are detoxified through processes such as amino acid dcamiii,ition; uhicli 

produces urea (Giannini el ul., 2005). I11 con,juiiction with the spleeii thc liver is involvcd 

in the destruction of spirit red blood cells and the reclamation of their cnnstit~~cnts. I t  is 



responsible for synthesising and secreting bile and syntliesising lipopro~cins and pli1~111~1 

proteins. mcluding clotting factors (Burltit1 e /  ul., 1993). I t  also maintains a slable blood 

glucosc level by taltiiig up and storing glucose as glycogen (glycogencsis), brealting this 

down to glucose when needcd needed (glycogcnolysis) and forming glucose li-om 

noncarbohydratc sources such as amino acids (gluconcogenesi.;) 

Many of these biosynthetic functions use the products of' digestion. W ~ t h  111c 

exception of most lipids, absorbed food products pass directly fro111 tlic gilt t o  the livcr 

through the hepatic portal vein. In order to accurately interpictc biochemical 

abnormalities. i l  is ncccssary to understand l i o ~  nornial ranges arc cstablislicd and hou lo 

apply reference ranges. Aminotransferase lcvcls vary according to age ~d SCY (I)i~!irr c'/ 

ul.. 2000). So care must be taken in choosing the reference limits. 1,cvels of' both AS 1 
# 

and ALT may increase 11.ith strenuous exercise (Dnfour, 1998). Other factors like hospital 

admission, pliy\ical activity and diet have been observed to inducc tIlc\c increase in AS I 

and AL I '  levels in healthy sub.jects. 

Alterations in li\er enzyme levels encountered may vary according to the 

geographical location or the ethnicity of'the patients (Whitehead el u/.. 1009). I he most 

common alterations in ciuyme levels can be divided into cithcr I~cpatoccllulal- or 

cholcstatic predominant. 1li.ju1-y to thc liver, whcthcr acute or chronic. cvcntually results 

in an i~~creasc  i n  serum concentrations oS ami~iotranslt'rases 

1.5 Dntliellcz olivevi 

1.5.1 Botanical Outline of Danielln olivevi 

I)dniellu oliveri (Caesalpinaceae) (Rolfe) Hi~tch and Dalz is a plant Sound in the 

Amamn region and other parts of South America and Africa (Langeiihein, 1973: Gentry, 

1993). I'he trcc may reach a height of 100 I2ct and trunk diamctcr 01.4 I'ccl (Rccor-ti ~ r n d  

Mell. 1984). I he plant is shown in Fig. 1.3. 



Fig. 1.3: Daniella oliveri plant 



1.5.2 Uses of Dnnielln oliveri 

U oliwri trce produces a liquid - olcorcsin which has been ilwd as medicine b! 

indigenous people I'or over 400 years (Gilbert. 2000). l 'he oleorcsin is produccd in a ~ r c c  

trunk. stem and leaves and it consists of' large but varying amount ol' volatile oil. 'I hc 

oleoresin is traditionally itsed as anti-inilamn~atory agent and in the treatment of a varicry 

of genitor-urinary tract diseases and skin ailments (Raffauf. 1992; Duke ancl Vascluc~. 

1094). 

Moreover. i t  is used as anti-rheumaric, antiseptic. anribacterial, diurelic and 

hypotcnsive agent, as well as an expectorant, laxative: purgative and vermifuge (E'lcury, 

1997). 'l'he leaves of D. olivwi are also claimed to be used in folk mcdicine as an anti- 

diabetic ugcnt. Scientilic studies have authenticated some of' these medicinal iiscs 01' 
b 

olcorcsin such as its effectiveness as an anli-bacterial. anti-inflammatot.!~ and nntiosiclanr 

agent (Verpooratc and Dahl, 1987; Basile L I ~ . ,  1988). 

Dmiell~r olivwi is Itnown by the Igbos as 'Agba' and 'Ozia' by [he Benis. I lausas 

call i t  'mqje': Yorubas call it 'iya' while [he Nupes and Fulanis Itnow i t  as 'danchi' and 

'kaharlahi' respectively (Olorode. 1984). 

1.6 S(ircocep/zc~lus lntifolius (Rubiaceae) 

1.6.1 Botanical Outline of Snrcocephalus l(rtifo1ius 

Stri.coc*cq?hltlu.~ I~~/ifi)liu.s formerly Itnown as Muucteu ttr/ifi)litr is 01' the Rubiaccuc 
-. 

family and is commonly called the pin cushion [see or 'Africans peach'. I his plan[ is a 

straggling shrub or slnall tree nativc to tropical Africa and Asia as shown in 1:i.g. 1.4. 

There arc aboul thisty-five ( 3 5 )  specks of' Sarcocephalus widely dislributed in rhc 

tropical savannah Sorest. It is known among as :uvuru ilu' (Igbo), ' t ahh iya '  ( 1  Iausa) and 

-cgbcsiq (Yoruba). 



Fig. 1.4: Sarcocephalus latfolius plant 



1.6.2 Uses of Sarcocq~lrtdus IutiJoIiu~ 

I'arts of the plant are commonly prescrrbed traditionally as remedl ['or diabcte\ 

mellitus. l'he plant is also used in the treatment 01' other ailments such as rnalarl'r 

(I<oltwnro. 1976; Altubue and Mittal, 1983, Bole, I900), gastrointestinal tracl disorders 

(Madubunyi, 1995) and sleeping sickness (Kcrharo, 1974) p~olonged menstrual llou 

(Flu.loba. 1995). hypertension (Altabue and Mittal, 1982). The stem 01' the plant is also 

used 3 s  chcv~i11g stick (Asubic).jo e/ ul., 1982). I'he anti-diabetic ef?i.ct ol'thc lcnvcs ol'thls 

plant has been demonstrated by Gidado el u / .  (2005). 

'l'he ltey constituents of the plants are indole-quinoli~icli~~t: alltalo~ds and 

glucoalltaloids and saponins. Studies ha\ e s h u n  that the roots huvc anti-bactel ial 

activlt) against gram positive and ncgativc bacteria as well as anti-fi~ngal activit) (lull. 

1993). 11 is most effective against ( ' o ~ y ~ n e / ~ ~ / c . / r r i ~ / t ~ ~ ,  dq?h/he/-rcre. i \ ' / ~ ~ e l ~ / o h ~ ~ c ~ c ~ ~ l ~ ~ \  $11. 

1.6.3 PRESENT INVESTIGATIOh 

Altho~lgh a decoction of the roots oI'L)r~~iel/rr olivc)ri and Strrc.oi.cphtrl~~,\ I ~ ~ / i f o l ~ l ~ \  

i n  combination is used in the South Eastern Nigcria as a herbal remedy for 

hyperglycaemia, there is no empirical data or scientific reports to support t11c antidiabctic 

effect ol'thc roots 01' thcse plants. 

This in~cstigation is aimed at vcrilying the blood sugar lonering cf'l'ect and 

possible antihyperglqcaemic potentials of these roots in conlbin~tion as well as the root5 

o S ,SLI/Y ocvph~r l~~s  /~r / i fo /~z~\ .  

- - - - - - - - - - -  
- - - - - -  

LT AESEAKC-H OHECTtVES- - - - - - - - - - - 

Shc followings are the objectives of the study. 
7 

r l o  determine the hypoglycaernic and antihqpergljcaelllic effect of the root 

extracts of:- 

( I )  S ~ r r  c occph(11zw I t r / i  follzis alone 

(ii) LS 'u~~coc~ph t~ I z~~  lu~ijolius in combination w t h  Dr~nrellu oiriwr~~ in  allo\an 

induced diabetic rats. 





CHAI'TISII 1'WO 

MATERIALS AND METHODS 

2.1 MATERIALS 

2.1.1 PLAN1 MATERIALS 

Fresh roots of Ilutiiell~r oliveri and S~r~~coccphalu.\ lu/ifolr'z~\ were collcctcd in 

November, 2006 in Nsultlta, Enugu State. Nigeria. 'fhe plants wcrc idcntilied and 

authenticated by A. Oziolto of the Internatioiial Centre for Etliiioiiiedicine and I)rug 

1)cvelopmcnt. Nsultlta. Nigeria. whcre tlie vo~~cl ier  specimens were deposited. 

2.1.2 ANIMALS 
b 

Adult male Sprague-Dawley rats of between 10 and 16 wcclis with avcragc 

heights ol' 160 - 300 g and adult albino mice (1 5 - 35 g)  of either scs were obtained 

Srom tlie laboratory Aninial Facilitic\ oi' tlic laculty of' Biological Science\ and 

Veterinary Medicine. University of Nigeria, Nsultlta. The animals wcrc acclimatised li)r 

about 7 days undcr standard environniental conditions, with a 12 hour IlgIit/12 hour dark 

cycle maintained on a staiidard feed ( g o n e r s  mash) and water ud / ~ ~ I / L I M I ,  bcSorc being 

cmplo~'cd for any determination. 

2.1.3 CHEMICALS 

I hc chemicals used for this study included analytical grades ol'etlianol. ctliqlcnc 

diaminc tetracetate (ED IA). hydrochloric acid. sulpliuric acid, glacial ,~cctic acid (13111 1 

Chemicals Ltd, Poole England), Sodium hydroxide, 'Tricliloroacetic acid ( I'C'A) and 

d~sodium hj~drogen phosphate (May and Halter, England), glutathione. adenosinc 5 -  

diphosphate (ADP). adrenaline, 2-thiobarbituric acid (TBA), DL,-ditliiothreitol (117' 1 ). 5. 

5-ditli~obis (2-nitrobenzoic acid), adenosine 5-triphosplwte and 5-siilfo\~1licyclic acid and 

alloxan monohydrate (Sigma-Aldrich. IJSA), glucoae 6-plioapliatc dchqdrogcna\c 

(I ,~~z~cotio\/oc~ ~ ~ e , \ o t ~ / e ~ . o i d e \ ) .  iiicotin;i~iiid~ ;~deniiic dinucleotide phosphoric acid 

(NADI'), 1 -chloro-2. 4-dinitrobeiizene and adcnosine 5-monophosphoric (5-AMP) ( I ' l u l ~ ~  

- Biochemilia). All tlie other reagents and chemicals were also of analytical grade '1 lie 

standard antidiabetic drug used was glibenclamide (~aoiiil""). 



2.1.4 EQUIPMENT 

l'lie 1011~>wing equipn~ent were used: MSE High Specd Centrifuge (1,abofuge-1. 

Netherland), Spcctronic 20 (Bausch and L,ainp), Analytical Balance (Ohaus Adventurer. 

('Iiin;~). Stopwatch. Water bath, 011c I'oi~ch IJltra G I ~ ~ c o i i ~ c t c ~ ~  (I,ili 'vx~i. 1 ISA). 

Hoinogcniser (Janke and Kunhel. Germany). 

2.2 METHODS 

2.2.1 EXTRACTION PROCEDURES 

2.2.1.1 YlIEYAliATION O F  THE AQUEOUS EXTRACT 

( i )  I'he fresh roots ol' Dunwllu olivcri and , ( ' L I I ~ C ~ L V ~ ~ L I / L ~ A  Iu/ifoli~i\ were se1xir;itcI~ 

cleaned. chopped into pieces and shade-dricd to a constant weight. About 500 g ol' the 
+ 

chopped roots o I' Sur.coccphulus I~rtifol~u,\ was extracted in 4 vol~11nc.s (wlv) ol' disti lled 

water by decoction. I'he extract was filtered and the filtrate wa:, dried at room 

temperature to obtain a solid residue uhicli b a s  dcsignated: SLA ,SLI I .~~OC~~I) I ILI I I I \  

/u / i fo l~ l~ \  in water. 
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( i i )  I hen 250 g each of the Duniellu olivcri a11d S u ~ ~ c o c e p h ~ ~ l u . ~  I~ l /~ fo l i~~ . \  roots were 

collectively sul?jccted to the same treatment as above. The extract was dcsignated S1)A 

,Yurcocc l~hulz~ .~ lD~~n~el l~~  aqueous. 

2.2.1.2 PREPARATION OF ETHANOL EXTRACT 

A weight of 500g of ,Y~rr~c~oc~eph~1111\ 1~1/r fo l i~1~ roots was macerated In 5 coli1111c.s 

(wl\r) 01'05?4/;) ethanol and left to stand lbr 24 hours with intermittent slialung 'I 1ii.s wa.s 

filtered and the liltrate evaporated to dryness at room temperature. l ' l i~s  extracL was called 

SLE - ,\irrcocepI~ulu.c lu/i foli~~,t  in ethanol. 

2.3 I'RELIMINAIIY PHYTOCHEMIC'AL ANALYSIS 

l'be three extracts SLA, SDA and SL,E were individually sub.jectcd to 

phytochcinical analysis based 011 proced~~rcs outlined by Harborne (1973) and 1 rcasc and 

Ebans ( 1  9%)). 



2.3.1 Tc5t for C'arbohydrstc 

Molisch Test 

A weight of 0. I g of the c x t s ~ t  nus  hoilcd with 2 ml at' di\trllcd \+atel- and 

filtered To the filtrate, few drops of naphthol sol i~t~ol i  in ethanol (Molisch's rcagcnt) 

mere added. Concentrated sulphuric acid u a s  then geiitly pollred down the side of the tcst 

tube to form a lower layer. A purple interi'acial ring indicates the prcsence 01' 

carbohydrate. 

2.3.2 Test for Alkaloids 

A volume of 20 rnl of 3% sulphuric a c ~ d  In 50 O/o ethanol was added to 2 g of tlie 

extract and heated on a boiling unter bath for 10 minutes. coolcd and filtcred I he filtratc 
b 

(2  ml) MCLS tcstcd wlth a i k ~ v  drops of' blcycl's reagent (potassrum mcrcullc rod~dc 

solution). Dragendorfl's reagent (bismuth potassium iodide solution), Wagner'j  rcagcnt 

(iodine In potassium iodide solution), and picric acid solution) 

The remaining tiltrate was placed in 100 1111 separating liuinel and madc al1,alinc 

witli dilute a~i i~i innia  solution. Tlic aqueous a l l d m  solution w a j  sepalated and cxt~actccl 

w ~ t h  tmo 5 ml portions of dilute sidphuric acid. The c ~ t r a c t  was tcstetl \{it11 a lkw drops 

of Maycr's, Wagner's. Dragendorft's reagent: reddish b r 0 ~ 1 1  precip t'lte C\ i t l i  l k ~  drops 

of Wagner's rcagcnt; yellow~sli precipitate witli few drops of picric acid and bricl\ red 

precip~tate w ~ t h  f e ~ t  drops of  Dragendorfi's reagent indicate tlie prcsencc oi'nll<aloid\. 

2.3.3 Test for Reducing Sugar 

A given volume of 5 ml of a mixture o t ' e q ~ ~ a l  parts of Fehling's solutions I and I I  

were added to 5 ml of aqueous extract and then heated on a water bath l i ~ r  5 

- - - - - - - -  - - - - - -  m~niltcs. A brick red precipitatc shons  the presence ol'rcducing hugal-. 
- - - - - - - - - - - - - - - -  

- - - - -  

2.3.4 Test for C;lycosides 

A volunie of 5 1111 of dilute sulphuric acid was added to 0.1 g of the extract in a 

tcst titbe and boiled for 15 minutes on a water bath. then cooled and ncutrdiscil 

with 20% potassium hydroxide solution. A given volume of' I0 ml ol :I mixture ol' 



equal parts of l'ehliiig's solutions I and I1 na s  addcd and boilcd Sol 5 minutes 4 

Inore dense brick red precipitate indieales the presence of glj co\rdc 

2.3.5 Test for Saponins 

A ~ o l u m e  o f 2 0  1n1 oldistilled water ua s  addcd to 0.25 g o r  the cutract and boilcd 

011 a hot water bath for 2 minutes. The mixture was filtered while hot and allowed to cool 

a id  the filtratc \\as uscd tor the following tc\ts: 

(a) Frothing Test 

A given volui~it. of 5 1111 of the filtrate uas  diluted with 15 ml ol' d~stilled \\ales 

and shalten vigorously. A stable froth ( l imn) upon standing indicatcs the presence ol 

saponins. 

(b) Emulsion Test 
b .  

'1 o the li-othing solution was addcd 2 drops of olive oil and the contents shulten 

vigorously. The formation of einulsion indicates the presence of saponins 

2.3.6 Tcst for Tannins 

One gra~iiinc ( 1  g) of the powdered n~aterial was boiled with 20 ml 01' wutcr. 

liltered ancl used Sor the following tests. 

(a) Ferric Chloride Test 
r 7 l o 3 nil of the filtrate, few drops of' lkrric chloride solution were added. A 

greenish blaclt precipitate indicates the prcsencc ~ I ' ~ ; L I ~ I ~ I I I s .  

(b) Lead Acetate Test 

1'0 a little of the filtrate was acldcd lead acetate solution. A reddish c010i1r 

indicates the prescnce ol'tannii~s. 

2.3.7 Test for Flavonoids 

(a) Ethyl Acetate Test 

A vol~unc of 10 1111 of ethj 1 acetate was added to 0.2 g of the cxtract and heated 

011 a ~ \ ; ~ t c r  bath l i r  3 minutes. ?'he mixture \\;IS cooled, liltcrcd a d  the liltratc \\:IS uscd 

for the Iollocc~iig tests. 



2.3.6 Test for Tannins 

One grani~iic ( 1 g) of the powdered malerial was boiled with 20 nil 01' ualcr. 

equal parts of Feliling's solutions 1 and I 1  was added and boiled for 5 niinules. A 

more dense brick red prccipitatc indicalus the presence ofglycos~tic 

2.3.5 Test for Saponins 

A vol~unc o f20  ml of distilled water was added to 0.25 g oftlie eltract and hoilcd 

on a hot water bath for 2 inin~ltes. 'l'lie niixturc was filtered while hot and allowed to cool 

and the filtrate was used for the followi~ig ksts: 

(a) Frothing Test 

A given volume of 5 1111 01 the fillralc \\as diluted with 15 1111 ol'dist~lled hater 

and shal<en vigorously. A stable froth (foam) upon standing indicate\ the presence oi 

sapo 11 i 11s. 

(b) Emulsion Test 
# 

l o  the Srothing solution was addcd 2 drops of olive oil and thc contents slial\cn 

vigorously. The l'ormation of emulsion indicates the presence of saponins 

filterecl and used fhr the following tcsls: 

(a) Ferric Chloride Test 

I'o 3 ml of the filtrate, few drops of 1krric chloride solution were addcd 12 

greenish black precipitate indicates thc presence ol'tannins. 

(b) Lead Acetate Test 

To a little of the filtrate was added lead acetate solution. A reddish colour 

indicalcs the prescnce of tannins. 

2.3.7 Test for Flavonoids 

(a) Ethyl Acetate Test 

A volume of 10 1111 of ethyl acetale uas  added to 0.2 g oi'thc extract and heated 

on ;I ~ 1 ~ 1 t e r  bath 1'01. 3 minutes. 'lhe r n i ~ l l ~ r e  \has cooled, Iilterccl and the til~ralc was ~lsccl 

Ibr the ii)llouing [cuts. 



(ti) Ammonium Test 

A volume o r 4  nil of'the filtrate was slialtcn witli 1 nil ol 'dilu~e i ~ ~ l l ~ l l o ~ i i i ~  soIi1t1011 
f 1 he laycrs werc allowed to separate and the yellow colour in the a~nmoniacal layer 

indicates the presence of' flavonoids. 

(c) Ohe Percent (1%) Aluminium Chloride Solution Test 

Another 4 1111 portion of tlie filtrate was sliake~i witli 1 nil ol' 1 "/o alum~niu~i i  

chloride solution. Thc laycrs werc allowed to separate. .4 yellow colour i n  the alu~iiiniuni 

chloridc laycr indicates the presence ol'ilmonoids. 

2.3.8 'I'cst for Resins 

A given weight of 0.3 g of tlie extract was cxtracted with 15 ml oSC>h'% ethanol 
# 

The alcoholic extract was then poured into 20 nll 01' distilled watc~ in a beal<er. A 

precipitate occurring indicates the presence of resins. 

(a) Precipitation Test 

l'he weight of 0.2 g of the extract ua s  extracted with 15 1111 oSC)60/;, ethanol. I'hc 

alcoholic extract was then poured into 20 ml of' distilled water in a bealter. A prccipitutc 

occurring indicates the presence of resins. 

( i i i )  Colour Test 

]'he extract (0.2 g) was cstrac~cd \zit11 chloroform and thc C X ~ ~ L I C ' L  U;I\ 

concentrated to dryness. Tlic residuc was ~~cdissolvcd in 3 nil of acctonc and anotlicr 3 ml 

concentrated l~ydrochloric acid was added. 'l'his mixture was heated in 21 water bath Sor 30 

minutcs. A pin]\ colour whicli changes to magenta red indicates the presence of rcsins. 

2.3.9 Test for Proteins 

The extract (0.5 g) was extracted witli 20 ml of distilled water and liltrate was 

used Ihr the following tests: 

(a) Picric Acid Test 

1 '0  a little portion ol' the iiltrate \las added a Sew drops of' picr~c acid. A \cllo\& 

precipitate indicates tlie presence of proteins. 



(b) Biuret Test 

A volume of 31111 of Biuret reagent was addcd to 2ml of tlie filtrate and then tuo 

drops of potassium hydroxide \vere added. 4 purple or pink colour slious tlie preswcc ol 

prcsencc 

2.3.10 Test for Fats and Oil 

The extract (0.1 g) of the extract \vas pressed betuecn filter paper and the papcr 

was obscl'ved. A control was also prepared b j  placing 2 drops ofolivc oil o n  Iilter papcr. 

1 ra~isluccncy ol'tlie lilter paper indicates thc prcscnce of. i'ats and oil. 

2.3.1 1 Tcst for Steroids and Terpenoids 
# 

Ethanol (9 ml) was added to 1.0 g oi'tlie cstract and refluxed li)r a fen minute5 

and liltcrcd. I'he filtratc was conccntratcd to 3.5 ml on a boiling matcr bath. 5 ml oi hot 

distilled Lvater was added to the concentratcd solution. 'The mixture was allowed to stancl 

for 1 hour and the waxy matter was filtered off'. 'l'lic filtrate was cxtractd with 2.5 ml of 

chlorolbrm using separating funnel. 'To 0.5 ml of the chloroform extract in a test tubc uas  

carefully added 1 nil of concentrated sulphuric acid to rorm a 1 0 ~ 1 .  laycr. A reddish 

brown interface shows the presence ol'stcroids. 

Another 0.5 1n1 of chlorolorm extract u a s  evaporated to dryness on  ;I water bath 

and heated with 3 1111 of concentrated sulphuric acid for 10 minutes on a water bath. A 

grey colour indicatcs the presencc of terpenoids. 

2.3.1 2 Test for Acidic Compounds 

I'he extract (0.1 g) was placed in a clear dry test tube and sufficient water acidcd 

' I  his was wariiied in a hot water bath and then cooled. A piece of water-wetted litmus 

papel ua s  dippcd into the filtrate and the colour changc on ~ h c  I~trnus papcr N L I ~  

obserb cd. Acidic coiiipounds turn litmus papcr red. 



'The median lethal dose (LLljo) ol'thc thrce dil'l'crent extracts SI,/\. SIIA .mcl S1,I 

were detcriiiined in albino niice using the mctliocl of' Lorke (1983). I'he studies ncrc 

conducted in two stages for each of the extracts. I11 h s t  stage, 3 groups of' 3 mice cach 

were treated, per os (p.0.) with 10, 100 and 1000 mglkg of SLA. SDA and S1 I 

rcspecti\clq and observed for number 01' deaths and bchavioi~ral cha~lycs. 13ascd on tlic 

percentage si~rvival ~a t e s ,  3 groups of mice werc treated uith 1500. 3900 and 5000 mg/l\g 

of each ofthe evtracts in the second stage and the animals observed for the next 73 hours. 

I'he LDio uas  calculated as the geometric mean of the highest non-lethal and thc 
# 

lowest lethal doses. 

2.4.1.1 Sub-acute Toxicity Test 

Six groups of four (3) liealth! rats cach received different doses of the extracts 

and distilled uatcr as fi)llows: 

Group A received 5 ~nllkg body weight ol'distilled water 

Group B received 250 mglkg body ueight of'S1,A 

Group (' received 250 mglkg body weight of SLE 

Group L) received 150 mglkg body weight ol' S1,A 

Group 1: received 350 niglkg body weight of' SLlA 

Group F received 500 mglhg body ueight of SIIA 

1 lie animals were treated with the abo\c doses orally every daq lbr 30 days using 

the above doses. At the end of the experiment, blood samples werc collcctcd rctro- 

orbitall! from the inner cantliu~ of thc eye uhing capillary tubes (n~lcl-o h,~cmatoc~ 11 

capillaries. Marienfeld). Blood (3 mls) was collected in fresh vials contain~ng l:I> I A as 

anti-coagulant agcnt; while the blood saniples for serum analyses were collectecl in 1.1-c\h 

vials. I'he animals were euthani~ed using chlorolhrni. and their l~vers a \  well as liidncy\ 

uerc rcmo\ed ~nimediately. uaslied dil'Scrently in ice cold 1 15% KC'I .mi Iiwd In 1 O 0 / ~  

forinalin for histopathological examination. I'lic blood samples were used l i )~  the 



2.4 EXYERl MENTALISTIJDY DESIGN 

* 
2.4.1.1 Acute Toxicity and Lethality (LDio) Tcst 

I'he median lethal dose (I Die) of' the ~hrce  dilll-rent exlracls S1,A. SIIA and S1,l 

were dclermincd in albino mice using the nictliod of Lorlte (1983). I'hc studies wcrc 

conducted in two stages for each of the extracts. In firs1 stage, 3 groups 01' 3 inice C;ICII 

were ttcated, per os (p.0.) with 10, 100 and 1000 ing/kg of SLA. SDA and S1 1 

respcct~\ely and obscr\ed for n~unbcr ol 'dea~hs and bchavioural changcs. I h c d  o n  r h ~ b  

percentage survival rates. 3 groups of micc werc treated with 1500, 2900 and 5000 mg/l,g 

of each of the extracts in the second stage and the animals observed for the next 72 I I O L I ~ S .  

1 lie I,I)<,, was calculated as the gcometric mean of the highest non-lethal and the 
b 

lowcst lethal doses. 

2.4.1.1 Sub-acutc Toxicity Test 

Six groups of four (4) liealtliy rats each reccived dil'i'erent doses of the extracts 

and distilled water as h l l o w s ~  

G r o ~ ~ p  A receiied 5 ml/kg body wcight ol'dist~lled water 

Group H received 250 niglltg body weight ot'SI,A 

Group C' received 250 ing/ltg body weight of SLL 

Group I) recei~ed 150 mg/kg body wcight of S IA  

( i r o ~ ~ p  1 i  received 3-50 mg/l\g body weight of SIIA 

Group 1: received 500 mg/kg body weight of' SIIA 

I'he aninials were treated with the above doxes orally every day h r  30 days  s sing 

the above doses At the end of the experinicnt. blood samples wclc collcclcd rctro- 

orbitally froni the inner canthus oi' tlic eqe using capillary tubes (~iiicro liacmatoc~~t 

capillar~cs. Marienfeld). Blood (3 mls) was collected in fresh vials conlaining I- I )  1 A as 

anti-coagulant agent; while the blood samples for scruin a~ialyses werc collected in  J'rcsh 

vials I'hc animals were eutha1ii;led using ~hloroforni, and their livers '1s well as kidneys 

were rcnioved ~nimediately. washed differently in  icc cold 1 . 1  5% KC'I ,mi liscd In 10'%1 

fornialin for histopathological cxaniiiiation. The blood samples \icrc used for thc 



assessment of uhite and red blood cells counts ( W B S  and ICBC'), haemoglobin (Ilb).  

packed cell volume (PC'V). mean corpuscular volume (MC'V). nlcan corpuscular 

haemoglobin (MCI I ) ,  spartate aminotransfcr~~se (AST) ~und alaninc aminotransli.rasc 

(AL 1). 

2.4.2 ANTI-DIABETIC EVALUATION 

2.4.2.1 DETERMINATION OF THE HYI'OGLYCAEMIC ACTIVIT\' OF TIHE 

EXTRACTS 

Ilealthy normal inale rats mere rm~iomly divided into lijur (4)  groups ol' l'our ( 4 )  

rats m d  fasted for 16 hrs. Groups 1 and 11 received 250 niglkg of SI,A and SDA 

respectively. groups 111 received 3.0 mglkg of glibenclamidc while (iroup IV rccci\cd 

51ng/I\g vl' distilled water; all the adminis[ralic,ns were given orally. A[  [he end ol' the 

fasting period t a l w ~  as Ohr. . blood \\as colleclcd li-om the'tail vein and blood gluco\e 

le\cls determined (using the One Touch Ultra Glucometer) at time intervals (0. 1 .  2. 3. 4, 

5, 6. 8, 10 and 12 hours) after treatment. 

2.4.2.2 INDUCTION OF EXPERIMENTAL 1)IABETES IN THE RATS 

Rats fasted h r  16 hours, but with lice acccss to water wcrc made diabetics by an 

intravenous ii~jcction of alloxan monohydrate (Sigma-Aldrich, U .S.A) (65 mglkg) given 

in the tail vein. 'l'he alloxan was dissolved in the sterile normal saline just prior to 

ii~.jection. Since alloxan is capable of' producing f'atal liypoglycaemia as 21 ~.csult 01'  

inassivc pancreatic insulin release. rats were treated \tit11 20% glucosc solution al'lcr 3 

hrs. 1 he rats were kept for the next 12 hrs on 5% glucose solution bottles in [heir cages to 

prevent 11:vpoglycaeinia (Dhandapani el u1., 2003). After 72 hours of alloxan i~?jeclion. 

surviving rats with fasting blood glucosc levels 200 mgldl were incl~~ded in the sti~dy. 

2.3.2.3 DOSE-REPONSE STUDY 

Fasted diabetic rats were grouped into four (4 )  in a group and I-ecei~ecl 10 

different doses (ranging from 5 0  to 5.00 mgkg)  ol'the eutract S I A .  Fast~ng blood gli~cose 

levels ol'these rats were dctcrmined 6 1ioi11s alicr oral administration ol'lhc extract 



2.4.2.1 1)li:TERMlNATION OF THE ISFFIS("1' OF THE EXTKA("17S O N  '1'1 1 1 4 :  

FASTING BLOOD GLUCOSE LEVELS (FHGL) O F  AI,I,OXAN- 

INDUCED DIABETIC RATS 

I he alloxan-induced diabetic rats (blood sugar> 200 ~ i ~ g / d l )  werc di\ idcd into l i \c  

groups; tlic fifth group was the normal control group, as shown below ( I able 2 1 ). 

Table 3.1 : Fasting Blood Glucose Monitoring Design 

i Group 1 Number of Kats 1 Treatment 

Iliabetic ('ontml (DC) 1 3 1 Distilled Water 

Blood samples were collected from the rats through the tail and blood glucosc 

concentration were determined at 0 (initial), 1 ,  2. 3, 4, 5 and 6 hours aftcr treatment using 

the onc touch ultra glucnmeter. 

2.4.2.5 DETERMINATION OF THE ICFFISCT O F  KEPEATEI) 1)OSE:S O F  TtIK 

EXTRACT ON THE FASTING BLOOD GLUCOSE LEVEL 

Diabetic rats were again grouped as in table 2.1 above. 'l'rcatment was 

administered orally twice daily using an intubator at a dosage 01'250 mg/l<g body weight 

of the three extracts (as previousl> determined in the dose-response study) 1i)r 3 weel\\ 

Fasting blood glucose concentrations were dctcrmined ever> \\eel\. Alicl- 3weelts. blood 

samples were again withdrawn from the inner canthus of the eye as was previously 

described. ?'he rats were euthanised using chloroforni and their livers and I\idneys werc 

surgically removed. immediately washed with ice cold KC'I ( 1 .  I5'X) and rcliigerated 

imtil analysed. 'The blood samples and tissues were used for the biochemical analysi4 





2.4.3.2.2 Proccdure 

Tlic organs (liver and kidney) evcised from tlie animals were waslied separately in 

1 . I  5% KCI. dried on filter paper and weighed. Weighed amounts (0.5 g)  01' the difl'ercnt 

organs were separately liomogeniscd i n  tlie stipulated volunies ol' tlic surtablc 

hornogenising buffer and centrifuged at 5 2 " ~ '  or as indicated in the proccdurc I lie 

supernatants were collected and kept in the freezer at 5 4°C'. Each time the supernatant 

was outslde the freezer, it u a s  kept in icc bags. 

2.5 BIOCHEMICAL ANALYSIS 

2.5.1 PROTEIN DETERMINATION 

2.5.1.1 Principle 

Ilic protein content of tile post mi~ocliondrial $actions was dc,crmincd b~ the 

Hiuret method as described by Gornall e /  111. (1049) using bovine serum alhumin (I3SA) 

as standard. Potassium iodide was added to the Hiuret reagent to prevent tlic prccipita~ion 

o ~ c ' u ' '  as cuprous oxide. In allialine pll. CLI '~  fi,rnis complexes with proteins. 1 lie I3iurct 

reagent contains copper sulphate, potassii~iii iodide and sodium potassium tartarate. I lie 

blue coliiplex formed hy  the reaction 01' C'n2' ol' the Biurct reagent with potein lia\ 

~naximum absorbance at 540 ~iiii .  

2.5.1.2 Reagents 

(a )  2 M NaOH: 'lliis was prcpared b! dissolving X g 01' NaOIl pellets in d~stillccl 

water and 11iade up to 1000 ml. 

(b)  0.9% Normal Saline: This was prepared by dissolving 8.5 g ol'NaC'I in distilled 

water and made up 1000 ml. 

(c) Biuret reagent: This was prepared by dissol\,ing 3 g 01' copper sulpliatc 

pentali>drate ( C ' L I S O ~ . ~ ~ - ~ ~ O ) .  9 g ol‘ Na-I< tartwatc and 5 g oi'pola\si~lm iodide In 

0.3 M NaOH. 

(d )  Stock Bovine Albumin (BSA): 13SA (0.1 g )  was dissolved i n  0.9'%1 NaC'I and 

made up to 500 ml with normal saline: Concentration of BSA in the solution was 

therelore 20 mgldl. 



2.5.1.3 Procedure 

The post mitocliondrial fractions were diluted with 0.9% saline or ~iormal sal~nc 

solution. A volume of 2 in1 of diluted samples each was added to 3 ml of 13i~1rct reagent. 

The mixture was incubated at room temperature for 30 minutc~  a l i e~  which thc 

absorbance was read at 540 nm against a salinc solution blanl,. 

The protein concentrations were later extrapolated from the standard HSA curve. 

2.5.1.4 PREPARATION OF BOVINE SElillM ALBUMIN STAN1)AIiL) CUKVI' 

Serial dilutions oSBSA stock solution were made with 0.9% S ~ I I I I C .  Hiuret rcngc~ll 

( 3  1111) was added to 2 in1 of each clilucnt. I'he mixture was thorougl~lq slial\en anti 

allowed to stand For 30 minutes after which the absorbance was read at 540 nln. I'hc 
# 

graph of absorbance against RSA concentration was later plotted. 

2.5.2 DETEKMINATION OF SERUM TOTAL CHOLESTEROL, 

2.5.2.1 Principle 

'Ilie serum total cholesterol concentration was estimated by the n~ethod of Icing 

and Whooton (1959). This n~etliod was based on the lhct that enzymatic hydrolysis and 

subsequent oxidation generates hydrogen ~xroxide  which reacts with 4-aniino~untipyl-inc 

in tlic presence of peroxidase and phenol to produce quinoneiniine. 

I'he indicator cluiiioneimine absorbs light at 590 nin. 

Cholesterol 

C'holestcrol-ester + H 2 0  C'hoIcstcr~I i- I;atty acid . . . . . . . . . . . . . ? . I  

estarase 

Cholesterol , 

Cholesterol + 0 2  C'holcstene-3-one + H2O2 
oxidasc 

Peroxidase 
21I2O2 t . Phenol + 4 - a n 1 i n o a i 1 1 y i p y r i 1 1 c ~ Q u i i 1 o 1 1 e 1 n i 1 c  r H20.. . .. ..2.3 



2.5.2.2 Reagents (Randox, U.K.) 

1 he commercially prepared reagents include: 

( a )  0.30 mmolll 4-aminoantipyrine 

(b) 6.0 mmoli'l Phenol 

(c, > 0.5 pllml I'eroxidase 

(d) z 0.15 pllml Cholesterol esterase 

(e)  ? 0.1 pllml Cholesterol oxidasc 

(1) 80 nimolll Pipes Bi1f1i-r (ptI 6.8) 

(g) 5.17 n~moli'l Cholesterol Standard (200ing of pure drq cholesterol Mas 

, dissolved in 100 ml of glacial acetic acid. 

# 
2.5.2.3 Procedure for Total Cholesterol lktcrmination 

'I'ablc 2.2: Assay I'rocedi~re for Total Cholesterol Determination 

i 
- - pp - -. 1 Reagent Blank ( i l i - 1  Standard (pl) F ~ p l c  (pl) I I 

I Sample 

-1 he contents of each test tube were mixed and incubated for 10 minutes at room 

tetnperature or 5 minutes at 37'.'C. The absorbance of the sample was measured against 

the reagent blank within 60 tnitiutes at 500 nm wavelength and I cm light path. 

2.5.3 DETERMINATION O F  SERUM TRLGLYCERIDE 

2.5.3.1 Principle 

'l'he serum triglyceride concentration was determined using thc colomctr~c 

method of Tietz (1990). This method is based on the fact that triglycerides iundcrgo 



en~ymatic  hydrolysis to yield H202.  This hydrogen peroxide produces a cpinoneimine 

when rcactcd with 4-aminophenazone and [he colour reagent 4-chlorophcnol. The 

quinonein~ine absorbs light at 500 nm. 

Triglycerides + H 2 0  Glycerol + Fatty acids . . . . . . . . . . . . . . . . . .2.4 
Linases 

ltinasc 

Glvccrol-3-~l '~ 
Glyccrol-3-pl~ospl~ates + 0 2  -- - Jihydroxyacetone + I'hosphatc + 1 I,(), . 2 

oxidase 

# 
2.5.3.2 ~ e a ~ e n t s  (Kandox, U.K.) 

The content of the commercially available Kandox Diagnostic Itit includes: 

(a) 40 m111o1/1 Pipes Buffer, pH 7.6 

(b) 5.5 1nn101/1 4-Chlorophenol 

(c) 17.5 n ~ ~ n o l / l  Magnesium ions 

(d) 0.5 mmol/l 4-Aminophenazont 

( e )  1.0 mn~ol/l Adenosine triphosphatc 

(1) 1 150 p/ml Lipases 

(g) 0.4 plml Glycerol ltiilase 

(11) 1 1.5 p/m1 Glycerol-3-pl~ospllatc oxidase 

(i) 1 0.5 p/ml Peroxidasc 

(j) 2.229 mmol/l Triglyceride standard 

2.5.3.3 Assay Procedure for Serum Triglyceride 1)eterrnination 

Table 2.3: Serum Triglyceride Determination 

I 1 Reagent Blank (pl) I Standard (pl) 1 Sample (pl) I 



I he contents of each test tube \\ere miled ,111d Incubated lor 10 niin~itc\ at room 

temperature and the absorbance of the \ample\ (A\,,,,,,,I,) and standard ( A ~ ~ , I I I c I , I I c ~ )  were 

measured against the reagent blank u i t l i~n  60 minutes at 500 nm wa~e lcng th  and lcln 

light path. 

1 lie concentration of trigl!ceridc n.~h calculated using the relationship 

2.5.4 DETERMINATION OF SERlJM HIGH DENSITY IJIPOYROTEIN- 

CHOL1I:STEROL (HDL-CHOLESTEK0L)lLOW DISNSI'I Y 

LIPOPROTEIN CHOLESTEROL (LDL-CHOLESTEIIOL) 

2.5.4.1 l'rinciplc 

IiDL-Cliolesterol concentration in the serum sample was dctcrmincd 

spectrol71iotoiiictricaIIy as u a s  described b j  Fricdcwald e/ 611. ( 1  972) as modified h! 

Lopes-Virclla o/  r / / .  ( I  977). Lou densilj 11poprote111 (1,1)1, illid V1,1)1 ) ,lnd c l i j l o n ~ ~ c r o ~ l  

fractions are precipitated qi~antitativcly by the addition of pliospliotungstic acid I I I  Llic 

presence of magnesium ions. After cc'ntrililgation, the cholesterol concentration In thc 

high density lipoprotein (HDL,) fraction, uliich remains in the supernatant. is d c t c ~ m ~ n c d  

spectrophotomclrically at 5 0 0  nm. 

2.5.4.2 Reagents 

The reagents used for this determination were provided in the commercially 

available Randox Kit as h l lows:  

a)  0 . 5 5  mmol/l pliospliotungstic Acid 

b) 23 nimc~lll Magnesium Chloride 

e) Iiandox Aqueous Cholesterol standard 

d) 1111,-Cliolesterol Precipitant 



2.5.4.3 Assay Procedure for HDL-Cholesterol Determination 

1 he determination was carried out In t\io stages 

i )  Precipitation: The samples (200 111) wcre pipetted into centrifuge tubes and 5 0 0  

~1 oj'tlie diluted precipitant added to each ol'tlic sample tubes. I'hc contents mere mixcd 

and allowed to stand for 10 minutcs at ~.ooni temperature. Tlic lubcs wcrc thcn 

centrif~~ged for 10 minutes at 4,000 rpm. The clear superiiataiit was dccantcd with111 t \ \  o 

Iiours and used for the determination. 

ii) The Assay 

Table 2.4: Assay Procedure Tor HDIA'liolesterol Determination 

'Standard Sample 
- - - - -- - -  - 

Distilled Water 100 p1 

I Supernatant I I I l 00 1-11 

1 Standard 

'l'lie contents of each test tube wcrc again mixed. incubated for ~ i i ~ i n u t c s  at 7 7"(' 

and thc absorbance of sample (A~c,ll,,,l,) and standard (A~r,,lld,,,t~) measured again\[ tlic 

reagenl bl'ank ~ i t l i i i i  60minutes. 

1. Concentration of Result: 



2.5.5 DERTERMINATTON OF ALANlNE AMlNOTRANSFERASE (ALT) 

ACTIVITY 

2.5.5.1 Principle 

'I'his was based on the method of' Kictman and Franltcl (1957). Alaninc 

aminotransferase (ALT) activity was measured by monitoring the conccntration ol' 

pyruvate hydrazone formed whcn pyruvatc reacts with 2,4 - dinitroplicrnyl hydruinc. 

Pyruvate is a rcaction product of the transammase reaction catalysed by 41.T 

e SGl' 1' (AL 1 ). . . . . . . . . . . .2.X 

# 
I,-Glutamate t Pyruvate 

2.5.5.2 Reagents 

The reagents used for this determination were provided in the commercial lq 

available kit (Kandox, [J.K.): 

a. I00 nin~olll Phosphate buffkr (pl 1.7.4)) 

b. 200 mmolll L - Alanine r solution 1 

c. 2.0 moll1 a - Ketoglutarate J 
il. 2.0 mmolll 2,4-Dinitropl1eyl11ydra~i11c 3 Solution 1 

, c. , 20 IIIIIIO~ Stock standard pyruvatc': l his was prepared bq diluting 320 nig 01' 

sodium pyruvate in 100ml of'phospliate buffer above and rcfiigeratcd. 

t'. . 4 inM Working pyruvate standard. 'lhis was prepared by diluting the stock 

standard 1 : 5 with phosphate buffer and stored at -1  5 " ~ .  

g 0.4N Sodium hydroxide: this was prepared by dissolving 16 g of sodium 

hydroxide (NaOH) i n  water and made up to 1 litre. 



2.5.5.3 Procedure 

Table 2.5: Assay procedure fos serum AI ,T  A c t i ~  ity 

Procedure Reagent 

Solution I 

The contents of each tube were mixed and incubated h r  exactly 30 m i n ~ ~ t c s  at 37"(' 

I I - -- --- 

C'omponc~its were mixed and allowed to stand Sor 20 minutes at room tcmpcsaturc. 

Distilled Water 

'Ik contents of the tube were fi~ially niixed and allowed to stand for 5 minutes. 

The absorbance was measured at 540 IIIII against tlie sample blank. 

0.1 ml 

Calculation 

The activity of GPT in the sera was determined using a calibration curve obtained 

from a standard calibration table. 

Calibration curve 

Table 2.6: Staidml Calibration Table for Pyruvate 

1 Absorbance 1 1 Absorbance 1 



2.5.6 DETERMINATION OF ASPARTATE AMINOTRANSFERASE (AST) 

ACTIVITY 

2.5.6.1 Principle 
+ 

I'hc principle according to the method of Rcitman and I;raiiltel (1957) is bascd on 

the fact that glutamate-oxaloacatate transaminasc activity \\as measured by monitoriiig 

the coilcentration of oxaloacetate hydra~onc ji)rmcd with 2,4-diiiitrpIiyeliyllidra/ine. 

AST (GO 1 ) 
Oxog1~1t:u-ate -1- I ~ s p a r t a t e  P I ,  -- glutamatc + oualoacctutc 

2.5.6.2 Reagents (Randox, U.K.) 

a) 10bininol/l Phosphate buffer (pH 7.4) 

b) 100mmol/ I ,  - asparartate 1 
J 

Solution 1 

C) 2 niinol/l a - Oxoglutarate (HuSSerISubstratc SoIuLion) 

d)  2 mniol/l 2,4-dinitrophenylhydrazine 3- Solution 2 
e) 0.4 N NaOH: 'This was prepared by dissolving 16g of sodium hydroxide (NaOl 1 )  

i11 distilled water and made up to 1 litre. 

2.5.6.3 Procedure 

'l'lie solutions were pipetted into labelled tubes as follows: 

Tablc 2.7: Assay Procedure for Seruni AST Activity 

! Sample Blank Sample 



The contents o r  the tubes were mixed and incubated for exactly 30 minutes at 3 7 " ~  

i Solution 2 

This was inixed and allowed to stand for 20 minutes at 20 to 2 5 " ~  

Sodi~uii hydroxide 

This was finally inixed and the absorbance of the sample (A5,,,,,,,,,) read qain5t  the sample 

blank J i c r  5 minutes. 

Calculation 

' I  hc respective activities of AS I (GOT) in  the samples wcrc obtained from thc 
# 

Table below. 

Table 2.8: Standard Calibration Table for Oxaloacetate 

1 Absorbance I I Absorbance 

2.5.7 DETEIIMINATION OF PACKED CELL VOLUME 

(PCVIHAEMATOCRIT) 

The ceiitrif~~gation method was used for this determination. In this method. tlic 

microhaematocrit tubes were dipped into a sample of properly mixed anticoagulatcd 

blood Iliese tubes were centrifuged at 3,500 rpm for 10 miiiutcs A l i c~  [hc 

centriii~gation, the heights of thc red cell column and the total blood column W C I C  

measured. 



Tlic li,rmular below was used Lo calculalc tlic I'C'V: 

2.5.8 DETEliMlNATlON OF HAEMOGLOBIN (The Cyanomethaemoglobin 

Method) 

In'tliis method. the blood samples wcrc dil~itcd i n  a buffered solution of po t a \ s i~~~ i i  

l'erricyamide and potassium cyanide Lo yicld cyai~oi~~etl~aeglobin. The absorbance 01' tlic 

solution was read coloriinetrically at a wavelength of 540 nm. 

The final l~acmoglobin concentration was calculated as lblloms: 

Where: b 

.r = Test Absorbance at 540 nm 

A - 'l'lie Standard Absorbance at 540 nm 

C' 'l'lie Concentration of Cyai~omc~liuciiioglobii~ Standard (n1gll00iiil) 

1) = Dilution Factor 

2.5.9 1)ETEKMINATlON OF RED BLOOD CELL COUNT (KHC) 

Wlmle blood samples were diluted by washing 20 111 of blood t d c n  into a ' h l l  

back' or position displacement pipetted. into 4.0 nil oi 'd i l~~ents  to obtain a linal dilut~on 

of 1 in 10. The diluted samples were thcn mixed, and the cells counted microscop~call~ 

using an improved Neubauer ruled counting chamber. '1 he cells were counted a f  cr ~ l i c  

cells scltled out of suspension. 

I'he final red blood cell count was o b ~ ~ ~ i ~ l c d  as follows: 

'2: x DF x 10" 
Red  ( 'e I I ' ( 'oz~n~ = --- 1 l i fre 

A x D  

Where: . 

N = N ~ m b e r  ot'cells 

DF = Dil~ltion Factor 

A = Area of Counting Chamber 

I) = Depth of Counting Chamber 



2.510 DETERMINATION OF WHITE BLOOD CELL COUNT 

2.5.10.1 Principle 

LDTA anticoagulated blood ib  used for this determination. The whole blood 1s 

dilutcd 1 in  20 in an acid reagent (precisly 2% acetic acid) tingcd uitli gentian violet 

This rcagent. in addition to haemolysing the rcd cells. stained the whrtc cell nuclci and 

hence making the white cells more readily bisible to be counted. The cells arc. co~~ii tcd 

microscopically using an improved Neubauer rulcd couiitiiig chamber (Iiaeiiiocytomc~er). 

2.5.1 0.2 Procedure 

Properly mixed anticoagulated blood sample (0.02 nil) was added lo 0.38 ml 01' 

the diluting reagent and dispensed into a test tube. 
J 

One of tlie grids of tlie counting chambcr was filled with the diluted blood samplc 

using a I'asteur pipette. cnsuring that the area is not overfilled 7'hc lillcd chamber \+a \  

left ~mdisturbcd fur two mii~utes to allow ~iliie l i~ r  thc white cells to scttlc. I he cell4 In rhc 

four large corner squares of the chamber were then co~iiited microscop~cally using the x 

10 objective. 

7 lie final white cell co~uit for thc saniples \vas calculated usiilg thc same basic 

fornl~l I'lr: ' 

N X  D F X I O "  
While 13lood C'ell C ' O L I I Z ~  = I I I / I Y J  

A x D  

2.6.1 LIP1 D I'EROXIDATION ASSAY 

2.6.1.1 Principle 

l,ipid peroxidation in the supernatant fractions 01' tlie livers .~nd Itidncys u a s  

determi~ied spectrophotometrically by assessing the level of thiobarbituric acid rcactivc 

substances (THARS) as described by Vursliney and Kale (1990). I he results were 

expressed as malondialdeliydc (MllA) formed relative to an extinction coeflicient ol' I . 5 6  

x 10" mollcm. Small quantities of MDA are produccd during lipid pcluxidation. ' I  licse 

react \vith thiobarbituric acid (TBA) to generate a pink coloured coniplcx which in acid 

solution ahsorbs light at 532 nil1 and Iluoresces at 532 nm. This complex is readily 

extractable into organic solvents such as butan- 1-01 (Fig. 2.1). 



H2SO4, H2O 
2'TRA + MDA C I HXN404S1 

'I'BA M DA Pink Coloured Complex 

2.6.1.2 Reagents + 
a) 0.1 M HCl: This was prepared by adding 3.65 in1 of concentrated HCI to 996..35 

ml of water. 

b) 0.75% TBA: TRA (0.75 g) was dissolved and made up to 100 ml with 0 1 M 

I-1C1. The solution was allowed to dissolve properly by shaking in a boiling water 

bath. 

C )  20% Trichloroacetic acid (TCA): I richloruacetic acid (20 g )  wa.s ctissol\cd i n  

Lvatcr and made up to 100 in1 with distilled water. l 'he solution was stored in ~ I I C  

refrigerator. 

d) 0.15 M 'l'ris-HCliKCI buffer: 

(i) KC1 (1.15 g) was dissolved and made up to 100 ml with distilled 

water. 

(ii) Tris-HCl (2.36 g) was dissolved and made up to 100 1111 with distilled 

water. 

Solirtions (i) and (ii) were then mixed tugethel 



2.6.1.3 Procedure 

-1he liccr and kidney post mitochondria1 li-a'clions wcrc diluted 20 and 10 timcs 

respecti\cly. Aliqilot (0.4 ml) of each diluled sample was mixed with 1 .O 1111 ol '0.15 M 

tris K('1 buffer followed by the addition ol'0.5 1x1 of 20% TCA. A quantity 01'0.5 n ~ l  ol' 

0.75% TRA was then added and the mixture placed in a water bath lix- 45 minutcs at 

8 0 " ~ .  At. the expiration of the incubation time, the mixture was allowed to cool and 

centriruged at 3000 rpm for 10 minutes. Butanol (20 ml) was finally added to extract thc 

p~oduct.  The absorbance of thc clear supernatant was measured again\[ .I rcll.rcncc bla~il\ 

of distilled water at 532 nm. The concentration of MDA in each samplc was calci~latcd b>/ 

di\ iding the absorbance with the molar extinction coeflicient. 

2.6.2 DETERMINATION OF R E I I I J C ~ I )  (;LUTATHIONE (GSII )  

2.6.2.1 Principle 

1'11is uas based on the method oi'.lollow c/ u I .  (1 974). Reduced glutathione ((is1 1 ) 

forms the .bull< of non-protein sulfl~ydryl groupb. This method is based on the forination 

of relatively stable yellow colouration when Ellman's reagent is added to a sulfl~ydryl 

compound as shown in Rsn 2.1 1 .  

The chromophoric product, 2-nitro-5-thiobenzoic acid rcagcnt with redilcccl 

glutathione absorbs at 412 nin. The absorbance at 412 nm is therefore proportional Lo thc 

glutathionc content. 

Ellman Reagent 2-Nitro-5-thioben~oic acid 



5 8 

2.6.2.2 Reagents 

0.1 M Phosphate buffer, pH 7.4: 1 his was prcparcd by dl \solving 7 1 63 g ol 

Na2tIl'04 and 1.36 g of KI 1 # 0 4  in distilled watcr and mal\~ng up LO 300 ml 

The ptl was adjusted to 7.4. 

Reduced GSH: GSll (40 mg) was dissolved in phosphate buffer a b o ~ e  and 

made up to 100 in1 with the buffer. I'his served as the stock solution fi>s the 

GSH standard calibration curve. 

Ellman's reagent (5, 5'-dithiobis-(2-nitrobenzoic acid): llllman's rcagcnl 

(40 nig) was dissolved in the phosphate buffer and made LIP lo 100 ml u ~ l l i  lllc 

same phosphate buffer. 

4.0% Sulfo-salicyclic acid: Sulfosdicq clic acid was dissolved in disti llcd 
+ 

water and made up to 100 1111 \& ~ t l i  distillccl watcr. 

2.6.2.3 REDUCED GLUTATHIONE CALIBRATION CURVE 

Serial dilutions of the stock GSI I solution werc made using the phosphatc buI1L.r 

for dilution (to a v o l i ~ ~ n e  oi' 0.5 ml). I Ilmm's seagent (4.5 ml) W,I\  added lo cach 

solution. The absorbance of the coloured solut~on dc~cloped was scad 41 2 nm within 5 

~iiini~tcs of the colour generation. Optical density was plotted against glutathonc 

concenlratinn. 

2.6.2.4 Procedure 

One ~iiillilitre ( I  .0 ml) of each post mitochondria1 fraction wa\ depoteinitcd bq 

adding an equal volume of 4% sulfo-salicyclic acid. The mixture wa\ centr~iilgecl 7. 

000 rpn  for 15 minutes at 2°C'. Supernatant (0.5 1111) was added to 4 5 1111 01. IA l l~nm ' \  

reagent A blanl; was prepared by adding 0.5 ml of 4% sul1i)-salic! clic x ~ d  to 4 5 

Ellman's reagent. The absorbance was read at 412 iim and the q i ~ i ~ a l e n t  (is11 
concentration determined from the calibration curve. 



2.6.3 DETERMINATION OF CATALASE ACTIVITY [EC 1.1 1.1.61 

2.6.3.1 Principle 

The catalase activities of the supernatant Sractions from tlie liver and Itidncy wcrc 

determined according to tlie method of Sinlin ( 1972). 'This method is hascd on tlic l'act 

that dicliromate in solution with acetic acid is reduced to chromic acetate when heated in 

the presence of hydrogen peroxide via the formation of perchromic acid which is an 

unstable intermediate. Chromic acetate produced is measured colorimc~ricall!~ a1 570 LO 

610 nm. 'I'lie presence of dichromatc in the mixture does no1 atTect the colorimetric 

determination of chroinic acetate, becausc dicliromate does not absorb in tlie 570 to 61 0 

nni region. The catalase preparation is allowed to split hydrogen perouidc for dil'f'crcnt 

pcriods of time. I'lie reaction was stopped at dii'ferciit time intervals by tlic addition ol' 
t 

dichro~natelacctic acid mixture; and the remaining H202 is determincd by measuring 

chromic acetate calorimetrically. 

2.6.3.2 Reagents 

(a)  5% Potassium dichromatc (K2CTr2O7): K2C'r2O7 (5 g) \\a:, d i s s o I \ ~ ~ I  i l l  

distilled water and made LIP to I00 ml. 

(b) 0.2 M H202: This was preparcd hy adding 22.68 ml ol'30'Y0 1 1 7 0 1  (8 82 h4) to 

distilled water and made LIP to 100 ml. 

(c) Dichromatelacetate acid: 'I'liis \vas preparcd by mixing 5'h solution 01' 

K2Cr207 with glacial acetic acid in a 1 :3 volume ratio. 

(d) 0.1 M Phosphate buffer, pH 7.0: Ijisodiiun hydrogen tctr~~oxophospliatc ( V )  

dodecaliydrate (Na2HP04. 1 2H20) (3.58 g) and 1.19 g of Sodiiuni dihydrogcn 

tetraoxophosphate (v) diliydrate (NaH2P04.2H20) was dissolved in distilled 

water and made up to 100 ml with distilled water. I h c  pl 1 was aci.justcd to 7.0. 

2.6.3.3 PREPARATION OF STANDARD HYDROGEN PEROXIDE (HzOz) 

CURVE 

To prepare this curve, different concentrations of 1-I2O2 ranging from I0 to 100 

micromoics were pipetted into test tubes. Ijicliromatelacctic acid (3- ml) was added to 

each tube. On adding the dicliroinatclacetic acid, an ~~nstablc  blue PI-ccipitatc ol' 

perchromic acid h a s  instantaneously produced. Heating for 10 minutes in a boiling water 



bath changed the colour of the solution to stable green due to the i'omlation of' clirom~c 

acetate. After cooling at room teliiperat~~rc, the volumes oi'tlic sample\ \+crc niailc lo 3 

1111 with distilled uater and the optical density measured at 570 lim. The c u n e  was gottcn 

by plotting absorbance on the vertical axis against colicelitration of' H202  OII the 

Iiori/ontal axis. 

2.6.3.4 Procedure 

I'lie supernatant fractions were properly diluted (50 times for the liver ami 20 

times for the Iiicl~iey). 1-f202 solution (4 n i l  ol'0.2 M )  was addcd to ' 1111 of' pliosphatc 

buffer. Properly diluted fractions ( 1  .O  ml) wcrc addcd to the I l~O~Ibul ' l 'c~~ mixture anti tlic 

mixture was gently mixed at room temperature. One millilitre ( I  .O  ~ n l )  portion ol' (lie 
b 

reaction ~iiixti~re was withdrawn and blown into 2 ml dichroinatelacetic acid reagent at 

one minutc inter~~al  and the steady absorbance reading talien at 570 nm. 

2.6.3.5 Calculation 

l'lie ino~iomolecular velocity constant. K,  for the decomposition 01' 11) drogcn 

peroxide by catalase was deter~iiined by using the equation Sor a first-order reaction: 

Wliere So is tlic initial H202  co~icentrati~n m d  S is the concentration 01' 1I2O at a 

particular time interval given as t (minutes). 'l'lic values of K are plotted against t. and tlic 

velocity constant of catalase K[o] at O minute deter~nined by extrapolation (that is, tlic 

interval on the icrlical axis). l'hc catalasc contents of the samplcs \\ere c~pscsscc~  in 

terms ol'catalase feiahiglteit or Kat.l-". 



2.6.4 1)ETEKMINATION OF SIJPITKOXI1)E DISMUTASE (SOD) ACTIVI I 1  

[EC 1.15.1.11 

2.6.4.1 Principle 

I his determination was carried out as was described bq I ridov~ch (1089) I lie 

ability of superoxide dismutase to inhibit the autoxidation of adrcnalinc was lhc basis ol' 

the SOD assa). Superoxide generated by the xanthinc oxidase reaction 1s sho\\n to cause 

the oxidation 01' adrenaline to adsochrome. 'The yield of adrcnochrome produced per 

superoxidc introduced increase with increasing pll (Valerino and McC'ormack, 197 1 ) and 

also with increasing concentration of adrenaline. These led to the proposal that 

autoxidation of adrenaline proceeds by at least two distinct pathways: one 01' which is a 

free radical chain reaction involving superoxidc radical and hencc could be inhibited b~ 
@ 

SOD. 

2.6.4.2 Reagents 

a) 0.05 M Phosphate buffer; pH 7.8: I'his was prepared by d ~ s s o l ~ ~ n g  

6.97 g of K21-IP04 and 1.36 of KH2P0,1 in distilled ~ a t c r  and m d i n g  

LIP to 1000 ml with distilled watcr. fhe pfI was acqustcd to 7 8 

b) 0.059% Adrenaline solution: It consists of 0 01 g 01' adrenaline 

dissol\ed in 17 1n1 ofdislilled water. 

2.6.4.3 Procedure 

l 'he post mitochondria1 fractions were properly diluted (20 t~mcs  li)r the likcr ancl 

10 times I'or the k~dney). A volume 01'0.2 1111 ol'cnch diluted sample L ~ L I ~  added to 2.5 ml 

+ of 0.05 M phosphate buffer. l'he mixture was ecli~ilibl-atcd in the spcctrophotomctc~ 

before adding adrenaline solut io~~.  1l1c reaction started with the addi~ion of 0.31111 01' 

freshl! prepared adrenaline solution to the mixture followed by cluicl\ mixing bq 

invers~on of the cuvette. 'The reference cuvcttc ~hcrclbrc contained 3.5 ml bul'l21-. anci 0 . 7  

ml of adrenaline. The increase in absorbancc \\as taken at 480 nm for 150 scconcls at ? O  

seconds interval. 



where A. = Absorbance after 30 seconds 

A; = Absorbance after 150 seconds 

One of SOD activity was given as the amount of SOD necessary to causc 50% 

inhibition of thc oxidation of adrenaline. 

2.6.5 DETERMINATION OF G L I I T A T H I O ~  S-TRANSFEIIASE ((;ST) 

ACTIVITY IEC 2.5.1.18] 

2.6.5.1 Principle 

The GS'T activity of the tissue fractions was determined according to the method 

of Habig 0 1  (11. (I 974) and as reported and mod~lied b> Rajurltar c j /  c r l .  (300;) It ~ n ~ o l ~ c s  

the formation of a cornplex b j  the en~ymatic col1.jugation ol' GSH uith tllc a ro~wt i c  

substrate. 1 -Chloro-2,4-dinitriben~el1e. I hc coimplex fori-ned absorbs at ;40 nm. 



2.6.5.2 Reagents 

('hloro-2,4-dinitrobenzene (CDNH) was dissolved in I ml ol' absolurc 

ethanol in simple ratio to required volume. 

(b) 0.1 M Phosphate buffer, pH 6.5: ?'his was prepared b l  dissolving 4.96 g 

oi' K2HP04 and 9.73 g ol 1<1 111'0, in distilled water. 'l'hc pl I mas aclji~stccl 

(c) 0.1 M Reduced Glutathionc: 30.37 mg oi'glutathionc Mas dissolved in I 

ml of 0.1 M phosphate bufTer. pH 6.5; in simple ratio to the required 

volume 

# 

2.6.5.3 Procedure 

1 -~:hloro-2,4-dinitrobenzene (0.15 ml) was added to 2.79 inl of the buffer. The 

mixture was incubated at 3 7 ' ~  for 15 minutes. Alter incubation, the reaction was started 

by adding 0.03 ml of diluted tissue fraction (20 times for the liver. 10 times l i ~ r  thc 

kidney). I ' l x  absorbance was read at 30 second intervals for 3 minutes. I'hc ~ncubatccl 

reaction mixture ui t l~out  the tissue fraction was used as the blank In cach case. I'hc 

readings were taken immediately after incubation. 'l'he enzyme activity was calculated 

with an extinction coefficient o f 9 . 6  mM1cm !i)r C'DNR and u a s  cxprcsscd in pMlniin ,~ t  

25"~ '  and the spccilic elizymc activity mas c\prcssccl in pMlminlmg p o ~ c i n .  

2.6.5.4 Calculation 

= pMlminlmg Protein 



2.6.6 DETERR~IINATION OF HEPATIC' H'EXOI<INASE (KC' 2.7. I . I  ) ACTIVITY 

2.6.6.1 Principle 

The hepatic hexoltinase activity was determined according to tlie mcthod ol' 

Lapcir and Rodnick (2001) as reported by Ugocliultw~~ and Babady (2003). This method 

is based on the fact that tlie primary reaction ofglycolysis. 

Hexoltinase 
Glucosc + A1'P Glucose  6-phosphate + ADI' is coupled to the lirst 

reaction of the pentose phosphate pathwa! : 

G-6-PDhasc Glucosc 0-phosphate 0- t'liosphogl~rco~iolacctonc 

NADP NAIII'I I 

r ?  l h e  sate of glucose utilization (hexoltinasc activitj) is then monitored at 3 7 " ~ '  h! 

following tlie appearance of NADPH at 340 nin fur 3 minutes at 30 seconds interval. 

2.6.6.2 Reagents 

(a) I-loinogcnisiiig buffer; pI-I 7.5 as 2.4.3.2.1 (3). 

(b )  Reaction mixture components. 

(i) 50 mM Tris-HC1: 'I'ris-HC1 (7.88 g) was dissolvcci in 1 litsc ol' 

distilled water. 

( i i )  0.8 mM EDTA: Ilthylc~ie diiunine tetraacetate (0.00207 g )  uas 

dissolved in 10 ml of distilled water. 

( i i i )  7.5 mm MgC12: Magnesium chloride (0.1425 g) was dissolved in 200 

ml of'water. 

' (iv) 1.5 mM KCl: Potassium chloride (0.0022 g) was dissolvcci in 20 ml 0 1 '  

distilled water. 

(v) 2.5 mM ATP: Adenosine triphosphate (0.025 g) was dissolved in 200 

in1 of distilled water. 



(vi) 0.7 IU.ml Glucose 6-phosphatc dchydrogenase (G-&I'D): G-0-1'11 

(0.038 nig) was dissolved In 10 nil of the homogenis~ng buffer 

(vii) 0.4 mM P-NADP, pH 7.4: (3-NADP (2.97 mg) was dissolved in I0 ml 

of distilled water. 

(viii) 10 mM D-Glucose: Glucose (0.1802 g )  01' glucosc was dissolved In 

100 1111 of distilled water. 

2.6.6.3 Procedure 

Liver tissues (0.5 g) were homogcn~scd with len tinics their w~lgl i t  in volumc 01' 

the holnogenising buffer. The homogenates were centrifuged at 20.000 rpm l'or 15 

minutes at 4 " ~  and the supernatants used for the enzyme assay. A VOILIIIIC 01'0.1 nil each 
+ 

of the reaction mixture components was pipctted into a cuvette containing 0.04 ml 01' G- 

6-I'D. Next. 20 111 of tlie diluted liver liomogcnatc: (1.20 in lionioge~i~singig bul'l'cr) \+as 

added to tlie cuvette at 37°C'. The reaction was initialed by adding 0.1 ml 01' 10 nlM 

glucose. ?'he enzyme activity (cliange in absorbance) Mas nxas~u-ed by lblloming lhc 

appearance of NADPH at 340 nin lor 3 minutes at 30 second interval. 

Since NADPH c,, = 620.0 

C'oncenlrul ion l 'l'in~e 
Specific Enzyme ,4c/ivi/j~ = -- 

~ng Pr olein in 20 p I 

2.6.7 1)ETEIIMINATION OF HEPATIC GLIICOKINASII: (EC 2.7.1.3) 

ACTIVITY 

2.6.7.1 Principle 

l'lte hepatic glucoltinase activity \{as dctermi~~ed according to the method ol 

Newgad  el rrl. ( 1  9 8 3 )  as modified and reported hy Ugocliul<~vu and Rabadq (2003). I hc 



2.6.7.2 Reagents 

(a) Homogenising buffer (2 ) ;  pli 7.3 as in 3.4.3.3 

( b j  Reaction mixture components 

(i) 100 mM TrisJHCI: 'l'risIHC1 (3.1 52 g) was dissolved in 100 ml 01' 

water and the pFl adjusted with drops of1 ICI. 

(ii) 7.5 mM MgCI2: h 

distilled water. 

[ i i i )  5 mM ATY: A'I'I' 

distilled water. 

/Ig('I2 (0.1425 g) was dissol\cd in 200 ml ol 

b 
(0.025 g) of A l l '  was dissol\wi i n  100 ml ol' 

(iv) 1 mM NAD: NAI) (0:00?32 g) was dissolved in 5 ml ol'distillcii 

water. 

(v) 5.5 I .U.  Glucose 6-phosphate dehydrogenase (G-6-PD): ti-0-1'1) 

(0.0304 mg) was dissolved in 10 ml ofhomogenising bi~I'lkr. 

(vi) 10 mM D-Glucosc: ( ~ I L I C O S C  (0.1803 g )  was dissolved in 100 1111 01'  

distilled water. 

2.6.7.3 Procedure 

1,iver tissueb (0.5 g) wcrc homogc~liscd in nine volumes ol' the l iomogcn~s~~ly  
* 

buffer. After ccntrili~gation at 12,000 rpm So1 20 minutes at 4 "~ ' .  the supernalants \\cl c 

used to mcasilse the enzyme a d \  ity. 

'l'hc reaction mixture conlained a final volume of 1 1111 with 0.3 1111 01' G-6-1'11, 10 

111 of lhc diluted ( 1 : 10) liver hornoge~mte and 0.1 1111 of 10 mM 1)-glucose 'I'lic blank 

cuvettc was devoid of glucose and 6-6-1'1). ' I  he production of  NAIII 1 \$as rnonito~.cd at 

340 nm. 



2.6.7.4 Calculation 

2.6.8 DETERMINATION OF HEPATIC. PHOSPHOFKUCITOI<INi\Sli: (I'FK) 

(EC 2.7.1.1 1) ACTIVITY 

2.6.11.1 Principle 

'l'l~is assay was based o n  the fact that the rate dekrmining reaction ol'glycolysis is 

catal ysed by phospl1ofructoki11i1~e (PFK): 

I'F I< b 
Fructosc 6-phosphate ,Fructose- l ,(,-bisphoyd~ate was coupled lo 

the reduction oSNAD lo NADI I .  

C 
'The enzyme activity was mcasured according 10 the mcthoJ 01' C'astano ( I /  (11 

(1979) n~adified by Ugochukwu and Babadq (2003) at 0.25 mM fri~ctosc O-pho\phatc 

and the activity was determined as Vnmx. 

2.6.8.2 Reagents 

(a) Homogenising buffer; pl-1 8.5 as in 2.4.3 .3 (4)  

(b) Reaction mixture components 

. ( i )  70 mM TridHCl: This was prepared by dissolving 1.576 g oJ' I'ris in  300 

1111 of water. 

(ii) 100 mM KCI: KC1 (0.0745 g) was dissolved in 100 1111 ofdislillcd ua tw  

(iii) 5 mM MgC12: MgCI2 (0.0047 g) was dissolved 111 10 1111 01' distillcd 

water. 

(iv) 1.5 mM ATP: ATP (0.0076 g)  u a s  dissolvcd in I0 ml oJ'cli\tilIcd iaatcl 

(v) 1 mM NAD: 

(vi) 5 mM Pi: Disodium hydrogc~i phosphate (0.0094 g) was dissolvcd in 

100ml of distilled water. 

(vii) 0.1 mM AMP: Adenosine monophosphale (0.365 m g )  was dlsso1~t.d in 

I00 ~ n l  of distilled mates. 



(viii) I mM NH4CI: NIII('I (0.001 g )  was dissol\ed in 70 1111 ol'dis~illecl 

water. 

(ix) 5 mM Fructose 6-phosphate: F-6-P (0.024 g) was dissolved in 20 ml 01' 

distilled water 

( ix)  1 Unit of Phosphoglucose isomcrase: 

2.6.8.3 Procedure 

Liver tissues (0.3 g) were homogenised in 10 volumes (w:v) of the homogenising 

buffcr. I'he hornogenates were centrifuged at 20,000 rpin for 15 minutes at 4 " ~ .  

Sipernatant (50 p1) was used for the enzyn~e assay. Thc supernatant and all the 

fraction mixture components in a iiiial volume of 1 ml were incubated at 3 7 " ~ '  and ~ h c  

changc in absorbance (appearance oj'NADH) Mas Sollowed at 340 11111 li)r -3 minutcs ,it 30 
+ 

second intervals. 

e 2.6.8.4 Calculation 

NAD1-1;40 = 6220 

2.6.9 DETERMINATION OF HEPATIC GLYCOGEN CONTENT 

2.6.9.1 Principlc 

Glycogen content was determined as described by Ong and Khoo (2000). I his 

method is based on  the fact that hot concentrated I < 0 H  digests the glycogcn containcti ill 

thc liver tissues. The glycogen is thcn dcterluincd coloriimctrically as glucose using 

anthronc reagent. 

2.6.9.2 Reagents 

(a )  30'%, KOH: KOFI (30 g )  mas dissolved i n  100 ~ n l  of cl~~tilled watcr and 

. refrigerated. 

(b) Anthrone reagent: This was prepared by dissolving 1 g of anthronc in  
' 500 ~ n l  of concentrated H2S04. 

(c)  Stock Glucose solution (1 mglml). 



2.6.9.3 Procedure 

I,i\er tissues (0.5 g) were homogcnised in  10 ml ~olunics  (\v:v) ol'ice-cold 30'56 
1 

KO11 dnd boiled at 1 0 0 " ~  fhr 30 minutes. 

I'hc ho~nogenates were precipitated with 5 volumes ol' 95"O ethanol. Ilic 

precipitate was washed with another 5 volunles oSctIiano1 and then tcsolubil~scd in water 

One millilitre ( 1  nil) of the resolubilised samples \vere pipettcd into separate test 

tubes and 5 ml of freshly prepared anthrone reagent was introduced into cnch tube I he 

contents were mixed properlj, covercd and immediately boiled Sor 20 minutci. Alics 70 

minutes the colour developed, the tubcs were cooled and the absorbancc read at 025 nni 

2.6.9.1 PREI'AKATION OF THE GLllCOSE STANDARD CURVE 
# 

Serial dilutions of the stock glucose soli~tion were made with distilled water I:ivc 

millilitrcs (5 ml) of li-cshly prepared anthrone reagent wcre added to 1 1111 O I ' C ~ I C I I  dilucnt 

The mixture was tliorougllly mixed. covered and boiled for 20 ~ n i n ~ ~ t c s  a l h  which thc * 

absorbance was read at 625 11111. The graph 01' absorbance against glucose concentration 

was later plotted (Appendix 14). 

2.7 MlSTOl'ATHOLOGIC EXAMINATION 

(A.) Fixation and Washing: 

Formalin (10%) was used as the fixative and for the purpose o r  preservation A 

thin section of the tissue (about 1 to 2 cln i n  diameter) was trimmed uith a shxp  r3/0r 

blade. I'hc: small pieces ol'tlie tissue were placcd in the 10% formal~n, thc containel ua.s 

< shalwl gently se\ era1 times to make sure that the fluid Ilad reached all surl'aces and thc 

specimens were not sticking to the bottonl and this mas allowed to stand for 24 11o~11.s. to 
,- 

allou proper fixings. I he fixed -tissues were  asl lied with running water for 24 hours to 

free them from cxcess fixatives. 



(B.) Dehydration: 

All water was removed liom the tissuc bcrore embedding the tissue in paral'lin. 

'The dehydration was achieved by immersing the thin sections of the tissue in automn~ic 

tissue processor containing 12 jars. 

The first three (3)  jars contained 70, 90 and 95% alcohol respectively. This was 

done lo  remove the water contcnt in the tissues. The absolute alcohol reduccd the 

sl~rinlting that occurred in the tissuc. The lime allowed for each stcp \ws  30 mini~tcs. A 

second change of' absolute alcollol was included to ensure complete scmoval of' w ~ t c r .  
,- > l his was achieved in the second three (3) Jars ol' t l ~ c  automatic tissue P~OLXSSOI.. 'l'his is 

called ;I well-reiining step. 

# 

(C.) Clearing: 
, > 

Solutions of xylene were used lor clearing the lissue sections. l his step \%as 

achieved in the third jar of the automatic tissue processor. 'This is because the alcohol 

(ethanol) bsed for dehydration would not dissolve or mix with molten parafiin. the lissuc 

was immerse i n  vylcne solution which was mixible with both alcohol a l c l  paraf'lin bclorc 

infiltration could lake place. 

Clcaring removes opacity from dcliydraled tissue, ~ ~ ~ a k i n g  thcm transparent. A 

period of 15 nlinutes was allowed to elapse before the tissuc was rcmoved horn thc 

solution fu r  inliltration with paraflin. 

(D.) Infiltration with Paraffin: 

*' I'araffin wax \vitll a melting point of 50 - 5 2 " ~  (range) was used to iniiltratc thc 

tissue. The tissue was transferred directly fi-om the clearer to a water bath containing 
- - - - -  

melted p~lrafliii-ATteT TO=%@ rnim~tcsi~tcitbrttim~il~tlteIillst-l~~l-c, the- t issuc~vas~lix~i~ 

renioced to a fi-esh dish of paraffin contained in the fourth three jars of' the automatic 

tissue processor for a similar length of time. 

(E.) Embedding (Blocks) with Paraffin: 

As soon as the tissue was thoroughly infiltrated with paraf'lin. i t  (paraflin) mas 

ready to be enlbedded. The paraffin was allowcd to solidii) around and within the li\suc 



'I lie tissue was thcn placed i n  a small conluiner dread) lillcd with mcltcd p~l~il 'lin and 

\vas cooled rq~idly with ~fiatcr to cmbed the tissue sections. 

(F.) Paraffin Sectioning: 

Ilic embedded bloclts were trimmed into squares and mixed i n  tlic microtomc 

knjvc, Sor sectioning after uliicli thc scctio~is wcrc floated on a watel- bath 

( )  Mounting: 

( j la~ ing  slides were thorougl-zly clcaned and a thin smear of albumen lixative lvas 

made o n  the slidcs. The albumenised slidc \\/as used to collect the recl~~ircd scct~on li.om 

the rcxl of the riblwn in the watcr. The scct~oii. o n  the glass slidc was l\cpt moist bcl i )~c 
b 

staining. 

(H.)  Staining with Haematosylin: 

fhc slidcs wele passed tl iro~~gh a xcrics 01' jars containing alcohols ol 'dccrcasi~~g 

strength and various staining solutions in the Sollow~ng order: 

'Table 2.0: Staining Order for Histopathological Examination 

1 3 minutes 

1 2 minutes 

j_-- - - - - 

i 3 L~~gi> l  Solution 3 ~iiinutcs 

1 Scott Solution 



'I'lie counterstaining oS the tissue yilh eosin was followed in thc order ( 1  - 0 )  as 

stated below (Table 2.10): 

3 1 Absolute Alcohol 

4 Absolute Alcohol - Sylcnc ( 1  : 1 )  

-- .. . - -.~~~. . .. . 

6 Mounting Medium: 'l'lie section was 
# 

glass was added oil the glass slide t 

1 dip 

3 minutes 

Microscopic Observation of Slidc 

The slides prepared were mounted on pholomicroscope, one alicr [hc ollicr and 

were thcn viewed at different inagnification power of the microscope. Photograph ol'cach 

of thc slides was taken. ' h e  results obtained arc as shown. 

2.8 STATISTICAL ANALYSIS 

The results were analysed for statistical hignificance by ANOVA, and b a s  f'urlhcl- 

sub.jected to Fischer LSD post hoc test using the SPSS Genstat Release (Windows 98) 

software package version 1 1 .  All data wcrc expressed as mean i SD. n=4.  I)~l'l>rcncc\ 

between means were considered significant at 1'<0.05. 



(S1,A. SIIA and SI,I<)  is shown in 'l'ablc 3.1. .l'hc [able shows that thc bioactivc 

co rnpo i~~ ids  that arc. i i )u~id  in all include Iln~onoids. alltaloicls. rcsins. saponins. tannins.  

protciills. ca~.bohqclralcs. reducing sugar. $ 1 )  cosidcx. ~ [ ~ r o i c l s .  tcrpc~loids. 1111s a ~ ~ d  oils and 

acidic snbstances 

I'ahlc ;. I : I'l~v~ocliemical analysis ol'SL,A. SDi\ and SL1: 
SDA -- I 

- 

L. lab onoid\ I I I 1 
I 

.- - - - 
I t t  

I I 

Saponln\ 
- - - -. .- -- -- - 

I 1 
I annln\ 

- - - 
++t  

- - _1 

A c ~ d l c  \ubstances i 
I 
I 1 - . . . L_-.r-_- I : - - - - - - -  - , 

+ Present ~n small concentrat~on 
+ + Present ~n moderately h~gh concentrat~on 
+++ Present ~n very hlgh concentration 
- Absent 
++++ Abundantly present 



3.3.2 SUB ACUTE TOXICITY SrTIJl)lliS till SI.A, SIIA AN11 SLli 

I<csults of sub-acute toxicity stutlics 01' tlie three extracts to establish their sakt!, 

1~o171c.s arc sho\\n i n  'l'able 3.3. At thc cnil oi' :O d q s  ol'tlic s tudy  pcrioci. no stal~sticdl\  
+ 

signilic,~nr ii~fli.~cnccs ~ c r c  sccn in t Lc nic'in Mll3(',1ntl l<i3(' coimts. I Ih. I I ( '  I . MC'V. 

MC'H. wrum AS']' actibity and A1,'l' x t i \  i t )  '15 comparcd to tlie normal control. It Mas 

obsc~vcd l h a ~  (lie mean GBC: c o i ~ n h  o S  the ~ ~ O L I ~ S  that received 750 mgikg SL,A and 5 0 0  

mg/l\g SIIA wcrc signiiicantly louer than thc normal control. 'l'lic groi~p Lhilt ~ C C C I J C C I  

250 ms/l\g oI' SIIA showed 'I signilicanll~ loucr (1'.0.05) serum AS I . ~ c t ~ ~ i t \  than 

'I'ablc 7.3: Sub-acutc toxicity sti~dies (I3eccling tlac extracts to normal rats l i)r 7 0  d q s  



''; Sig~~i l icant  change ohscrved ( 1 ' 4  0 5 )  





a Fig. 3 .  I : Ilose-rcsponse relationship of S1A or1 l i ~ s ~ i n g  blood g1~1cosc levcl in alloxan- 
induccd diabetic rats 



3.7 KIJFE<:I O F  21 D A Y S  OF II17l'I:A'I'EI) O R A L  ADMINISrI'I<A'I'I()N ()F 

'I'HE EXTIIACTS ON ALLOXAN-I)IAIJE'I'I(' SI) RATS 

I 11~1 o ~ e ~ a l l  changes in f-a\ting blood ylucosc concentr,rtion I'rom the lis\t CLIJ  

(Day I )  to the last da)  (Iluy 21) 111 the nolnlal and i i ~ a b e t ~ c  tscL~tcd ~ . i ~ t s  i ~ i i ~ ~ .  I . C I X ; I L C ~  

' r d r n ~ n ~ \ t ~ a t ~ o n  ol'thc ctil'lb~ent extract5 ( t \ t ~ c c  c I J I )  ) L I ~ C  ~ h o w n  in Appcnci~\ 1 I hcrc \\,L\ 

,I s ign~licant (1'- 0 05) increase in 1;13(iL ol' each ol'the groups trcatcd ui th  the ex t~ac t \  

within the lirst onc \\eel< of treatment. C'on~~nucit dally ad~mrnrstration ol ~ h c  cxtracls 

S l A  ,~nd  S1)A li)s 21 days caused u s i g n ~ l i c a n ~  ledilction (1'- 0.05) In [he blood glucose 





I'ablc 3.5: I~i'f'cct 01'2 1 -day treatment with tlic extracts on fasting blood glucose (1 ' [3( i i  
Icvcl:, 01 diabetic rals 



Diabetic Diabetic SLA Diabetic SLE Diabetic SDA Diabetic Normal control 
control Glibenchmide 

Group 

Fig. 3.2: Fasting blood glucose concentration on day 0 in normal control and diabetic 
rats. 



Diabetic Diabetic SLA Diabetic SLE Diabetic SDA Diabetic Normal control 
control Glibenclamide 

Group 

Fig. 3.3: Fasting blood glucose concentration at day 21 in normal control and diabetic 

rats. 



I'ablc 3.6: Absorbance of Standard I3o\,incl Serum Albumin (13SA) 



Diabetic Diabetic SLA Diabetic SLE Dibetic SDA Diabetic Normal control 
control Glienclamide 

Group 

Fig. 3.4: Protein concentration in liver homogenate of normal control and diabetic rats. 



Dihrbetii Diabetic SLA Diabetic SLE Diabetic SDA Diabetic Normal control 
control Gbenclamide 

Group 

Fig. 3.5: Protein concentration in the kidney of normal control and diabetic rats. 



ENZYMES OF (;LlJC'OSE ME'l7AB0I.ISM 

l h c  act i~i l ics  of hepatic hcxokinase (11K) .  glucoltinasc (GI<) ,lnd 



Diabetic 
control 

Diabetic SLA Diabek SLE Dibelic SDA Diabetic Normal control 
Gliinclamide 

Group 

Fig. 3.6: Effect of extracts on hexokinase activity in the liver of normal control 
and diabetic rats. 



Diabetic Diabetic SLA Diabetic SLE Diabetic SDA Diabetic Normal control 
control Glibenclamide 

Group 

Fig. 3.7: Effect of extracts on glucokinase activity in the liver of normal control 
and diabetic rats. 



Diabetic Diabetic SLA Diabetic SLE Diabetic SDA 
control 

Group 

Diabetic Normal control 
Glibenclamide 

Fig. 3.8: Effect of extracts on phosphofructokinase activity in the liver of normal 
control and diabetic rats. 



3.10 EFFECT O F  THE EXTRACTS ON HEPATIC GLYCOGEN CONTENT 

kigure 3.20 and Appendix 1 1  show the hepatic glycogcn conlenl in the non-  

diabetic and alloxan-induced diabetic rats aiicr 2 1 clays ol'repeatcd oral adminis~ration 01 '  

distilled water. SLA, SLE, SDA and glibcnclamiclc. 111 diabetic control animals. heparic 

glycogen con~ent decrcased significantl~ mhcn compared w i h  thc normal conlsol\ 

'I'rearmcnt with the extracts and glibcncl;~mitlc Icd to increase In thc glycogen contcnl 

with S1)A showing the highest increase. 
I 



Diabetic Diabetic SLA Diabetic SLE Diabetic SDA Diabetic Norm1 control 
control Glibenchide 

Group 

Fig. 3.9: Effect of extracts on glycogen content in the liver of normal control and 

diabetic rats. 



3.1 1 KFFEC'I O F  THE ROOT EXTIIAC'TS ON MDA LEVELS (1,Il'II) 

1'1~liOXIl)A'I'ION LEVEL) 

I'igures 3 10 and 3.17 slio\+ the c\tcnt ol'lipicl pcro\~clation in tlic l i \ c ~  allel l,idnc! 

01' rats treated u.itll the extracts and glihcncl;~iiiide ('l'ablc 21 in Appendix 6 ) .  I:or tlie liver 

Ilactio~ls. a signilicantly elevatccl (I'c-0.05) levcl ol' MIIA was ol~scrved in diabetic 

coiitrol ~ x t s .  :"\so the groups treateel witli S l A  and SI-1~1 showed clcvatccl M1I.A Ic\.cl 

wlie~l colnp;~cd \\,it11 tlic diabetic c o ~ t r o l  rals. In the group administescd Sll.:\ ancl 

glibenclamidc. signilicmt reduction (1'--..0.05) ol' tllc MIIA Ic\.cl relnti\,c to the diabetic 

control gshups was ohsesved. 'Ihe SDA I - C ~ L I ~ I I C ~ ~  10 iiorii~al. 

I'or tlie kidney samples. the diabetic control group showed a signilicant (1 ' 4 .05 )  

incrcasc in thc MLIA Ic\lel u.Iic11 compasccl \\it11 the nosmal control group. I'rcatmcnt 
6 

witli SlI.i\ or glihcnclamide elicited remai.liablc dcci-case in tlic MI):\ Icvcls while tlic 

I ? ~ O L I P S  trc;~tcd with S1,A and S1.,1-i sliowccl no sisnilicant dillcrcncc het\vccn the nosmal 
L, 

and thc diabetic control gsoup. 
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Fig. 3.10: Effect of extracts on MDA levels in the liver of normal control and 
diabetic rats 
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Fig. 3.1 1 : Effect of extracts on MDA levels in the kidney of normal control and 
diabetic rats. 



I'FFECI' O F  T H E  EXTRACTS O N  REDUCED (;LIJ'I'ATHIONE 

('ONCEIV'I'H ATION 

'l'hc lcvcls of rcduced glutathione ((is!]) in Ihc liver and kidney ol' tscarecl 

diabetic rats arc shown in F'ig111.c~ 3.18 u ~ d  3.10 and also represented in Appendix 22. In 

bolh organs. 111cl.c was a signilicant dccrcasc (1'4.05) i n  the GS11 concentration 0 1 '  

cliabc~ic con~rol groups when compared will1 the normal conlsol group. 'l'rcatmcnl will1 

tlic cstracts raised 111c concentralion 01' (iSI I .  (ilibcnclamide trcatnlcnl also cnusccl n 

signilicmr increasc in the Cis1 1 lcvcl when conip;irctl \.\:ill1 die diabetic conwol. Whilc 

glibcnclumide caused significant (Pci0.05) elevation in (iSI.-I concentration. treatment 

will1 ~ I I C  ~ C S ~ C ' C I ~ V C '  C S ~ ~ ; I C ~ S  produced cl'li.c~s nol signilicanlly dil'lkrcnt li.0111 tlic 11o1.11i;il 

controls. ' 
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Fig. 3.12: Effect of extracts on GSH concentration in the liver of normal control 
and diabetic rats. 
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Fig. 3.13: Effect of extracts on GSH levels in the kidney of normal control and 
diabetic rats. 



3.13 EFFECT O F  THE EXTRACTS O N  C'A'I'AIASI;. A('1'IVI'I'J' 

' I  lie activities ol' catalasc in  Ilic li\w and kidney o f  diabetic tscatccl xni~ni~ls nsc 

slio\\ n in 1:igures 3.20 and 3.2 1 .  In both organs. i t  \\us obsesvcd tliat caralasc xtivil!. i n  

Ilic clialxtic con~rol aniliials \\:IS signilic~irly 11iglicr (I'<0.05) rhan those ol' the norn~nl 

control groi~ps. 'l'lie activity ol'catala& in r l~c cliabc~ic rsen~cd animals \vcrc signilicun~l! 

lower (1'-0.05) rhan thal of the diabclic control animals but compared well with ~har  ol' 

the normal conlrol. 'l'hese res~dts are also rcprcsented in Appcndix 23. 
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Fig. 3.14: Effect of extracts on catalase activity in the liver of normal control and 
diabetic rats. 
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Fig. 3.15: Effect of extracts on catalase activity in the kidney of normal control 
and diabetic rats. 



3.14 m w c r  O F  THE EXI-IIACTS ON SUI~FXOXII)IC I ) I S I M ~ I ~ I X S E  (SOI)) 

ACTIVITY 

Iigures 3.22 and 3.23 (Appendix 24) show the activities of SOD in the liver uncl 

Itidney ol' various treated diabetic groups of 1x1s. I'he SOD activity in the liver 01 '  the 

diabcric control animals incrcnsccl signilicanlly (1 '4 .05)  compa~-ccl nit11 thc normal 

control grbi~p.  l'reatment with the extracts and glibcncla~nidc lowcrcd thc incrcasc in 

SOD activity with the least activity SIIOWII in thc group that was treated with SDA. 

111 the kidneys, the SOD activity also increased significantly (P<0.05) in the 

diabetic control gl-oi~p relativc to t l ~ c  normal colltrol animals. SDA and S1 .A SIIOLVCCI 11011- 

significant decrcascs ( IW.05)  in the activity 01' SO11 comparccl will1 thc diabclic control 

animals. S1,E incrcxed the activity 01' SOI) whilc there was no dill'erencc bctwecn thc 
' b  

glibenclamide trealed group and the cliabctic control group. 
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Fig. 3.16: Effect of extracts on SOD activity in the liver of normal control and 
diabetic rats. 
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Fig. 3.17: Effect of extracts on SOD activity in the kidney of normal control and 
diabetic rats. 



3.15 KEFECT OF T H E  EXTIIACTS ON C;L,UTilTI-IIONK S-TIIANSFEIIASE 

ACTIVI'IY 

1,'igur.e~ 3.24 and 3.25 show that in both lives and the kidney. the dif'crent exiracts 

significantly reduced (P<0.05) diabetic induced increase in GST activity. For Ihc liver 

and I<iclnc>., 11wc was also a signilican~ ~ ~ ~ ' ~ ' C S C I I C C  ( I '~0.05)  ~ C ) ~ W C C I I  LIIC GS'I' i~cti\/itics ol' 

h e  diabclic conlrol animals and Ihc normal control animals. l 'hc  sau values arc. 

represcntcd in Appendix 25. 



3.15 KEFEC'T' O F  THE EXTIIAC'I'S O N  GLlJTATMIONI;, S-TIIAWSFERASE 

ACTIVI'I'Y 

I:igul-es 3.24 and 3.25 show that in both lives and the kidney. the diffcsenl e s~sac l s  

significantly seduced ( P 4 . 0 5 )  diabetic ind~~cccl  increase in (;ST activity. For thc livcr 

and Iticlnq. thcrc was also a signilicant dil'lkscncc (I'c0.05) bc t \~ccn  thc ( i S  I act i \ /~tic\  01'  

tlic tliabctic conlsol animals ;uncl lhc normal contsol animals. I 'hc KIM valucb iuc 

represcntccl in Appendix 25. 
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Fig. 3.18: Effect of extracts on GST activity in the liver of normal control and 
diabetic rats 
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Fig. 3.19: Effect of extracts on GST activity in the kidney of normal control and 
diabetic rats. 



3.16 EFFECTS O F  THE EXTRACTS O N  SERUIM LllJID PROFILE OF 

IIIEATED DIABETIC AND NON-DIABETIC RATS 

Scsum triglyceside concentrations (I-ig. 3.6) and lotal cholesterol levels (I:ig. 3.7) 

\Yere signilicantl~ seduced (1'4.05) \vliilc a signiliciuit increase in I ID1.-cholesterol 

(I'<0.05) (1:ig. 3.0) was ~.ecorded i n  all tlic cstracl trcated rats \\/lien comparcd will1 tlic 

diabctic control rats. I-lowever, serum I , L > I ,  (Fig. 3.8) concentration was significantly 

locvcr (I'4).05) in diabetic control rats con~pwxl  with the trcated diabctic and norni:11 

control rats. The daily administration of glibc~lCln~i~idc (51ng/l<g twice a day) Sor 2 1 cia! \ 

to allosan-diabclic rab  ca11sed a significant clccrcasc i n  the serum triglycericie and total 

cliolestcrol levcls (I'C0.05) when compared nil11 llic diabelic control group rats. however. 
? - 
I his trcattnelit did not increase the I-IDL-cliolcslerol. 

1 



I 

3.16 EFFEC'I'S O F  THE EXTRAC'I'S O N  SERUM LIPID I'ROFIL,P: OF 

TREATED DIABETIC AND NON-DIABETIC HATS 

Scruln triglyccride concentrations (Fig. 3.6) and iota1 cliolcslcrol Icvcls (1-ig. 3.7)  

were signiiicantl! I - ~ ~ L I C C ' ~  (1'<0.05) while a signilicant incrcasc in 1 I I ) I  -cholcstcrol 

(1'<0.05) (1:ig. 3.9)  was recorded in all the cutsact lrcatcd rats when compu~cd \\/it11 llic 

dlabelic con~rol rats. However, senlm I,DL (Fig. 3.8) concentralion was significanlly 

lowcr (I'4>.05) in diabetic control rats compared \\~illi [he treated diribctic and noslnal 

conirol rals. 7'lic daily adminisll-alion ol'glibcni.lamidc (Smglkg twice a da))  fi)s 2 1 da! \ 

LO allosan-diabetic rats caused a significant dccreasc in thc serium triglycericlc and Iota1 

choleslcsol levels (W0.05) when compared c\.illi lhc tliabclic con1roI group rats. liowcvcr. 

'l'his trcutment did 1101 increase the I-ID1,-cholcstcrol. 
# 
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Fig. 3.20: Triglyceride concentrations of diabetic rats and normal control rats after 21 day 
treatment with the extracts. 



Total Cholesterol Conc. (mmoVL) 



u, .  '!! , b k b  i?: 1.-,. "b. - ..- .,.. ,..i . ,.. :< .. . S d  .. .. . 

** .-. . . . . .  ! .. ". 
* ". .., .. . ) . . ' i t : .  

..-I. 
. . 

.,,. . .- -,- .. . . 1.z:. .= .... I 
. . . . . - . 

.I .. . I . . '  

,.:;3. ......, 
.;;t:;i" : .. . ,. .. ,- :.:-: 
j-:!:;; . . .: . . .. ,. . . ... 

-,.I& ..-.... 
' " - n u .  

.. . . ... - 
I I--- 

.. . - 

Diabetic Diabetic SLA Diabetic SLE Diabetic SDA Diabetic Normal control 
control Glibenclamide 

Group 

Fig. 3.22: Effect of extracts on low density lipoprotein (LDL) concentration of normal 
control and diabetic rats. 
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Fig. 3.22: Effect of extracts on low density lipoprotein (LDL) concentration of normal 
control and diabetic rats. 
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Fig. 3.23: Effect of extracts on high density lipoprotein (HDL) concet 
control and diabetic rats. 



3.17 EFFECT O F  T H E  E X T I U C T S  (SLA, SLE AND SDA)  O N  TMF: 

HAEMATOLOCICAL PAKAMkC'I'ERS O F  TREATED DIAl3ETIC' RATS 

+ 7 lie haemtological parameters of' tho difErent diabetic animal groups treated 

\vitIi tlic extracts and glibenclamldc arc shou n' i n  1:igures 3.10. 3.1 1 .  3.12 and 3.13 (ot 

I"tblc 10) and Appcndlx 4. I'hesc \\ere insignilicant (1):O 05) decscaxs In 11ic 

liaemoglobin and haematocrit contents 01' thc diabctic control gsoi~p 01' animals when 

comparccl with those in the norrnal cohtrol group. 'I'rcatment with thc extracts as well as 

glibencl:~micle il~creased tlicsc parametcss. No signilicant clil'f'cscncc (1)-0.05) \\as 

recorclctl in lhc scci blood cell (RHC') count ol'all the groups. 1 lo\\cvcr. thc white blood 

cell (WHC') coirnts 01' tlie groups lliat rccciveti SL,A. SI,1< and glibcnclamicie slio\\ui 

significant increases (1Wl.05) when compared with tlie cliabetic control group. whilc tlie 

groi~p that received SDA showed no dil'fescnce f.om tlie normal control. 



Diabetic Dibetic SLA Dibetic SLE Dietic 
control 

Group 

Fig. 3.24: Effect of extracts on packed cell volume (PC 
rats. 
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Fig. 3.25: Effect of extracts on haemogl 
and diabetic rats 
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Fig. 3.26: Effect of extracts on white b 
diabetic rats. 
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Fig. 3.27: Effect of extracts on red blood cell (RBC) cour 
rats. 



3.18 1CIiFICC"I' O F  T H E  I X I ' I A ' T S  I 1 1 1 N L 1 1 1  0 T H E  

ACTIVITIES OF SERUM A'LANINE AMlNOTIIANSFEHASI< (AI'T) AND 

ASPALITATE AMINOTIIANSFICIIASI;, (/\SIT) 

The activities of  ALT and AST' in the scra of the animals are shown in Figures 

3.14 a d  3.15 (Appendix 5 ) .  'l'here was no signilicunt dilli.sence ( P N . 0 5 )  in the activit!* 

of AS'I' in the scra of' thc animals treated ~ . i t h  thc extracts L L I I C ~  C O ~ I I P ~ I ~ C ~  LO 111111 oJ' L I I C  

diabetic control animals and the nosn~al control unirnds. I-lowc\/cs. tlic ani~iials that 

received SI,E and glibenclamide showccl slighl increases in AS'I' activity. 'fhc act isity ol' 

AL1' in die scra ol'thc diabetic control animds was signilicantly increased (1'4.05) \vhcn 

compi~scci with the nornwl conlrol animals. I w t m c n t  with SI>A signilicanlly (1'-:O.Oi) 

reduccd h1.T activity while tlir otlicr cxrlucts s!~owcil very slight incrcascs in A1. I '  

activitj, wlicn comparcd with the diabelic contsol i~nimals. 
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control 

Fig. 3.28: Effect of extracts on aspartate aminott 
diabetic rats. 
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Fig. 3.29: Effect of extracts on alanine aminotransfi 
diabetic rats. 



inflammatory changes. Liver scctions ol' non-tliabc~ic. un~rcaled rals \\#ere clcvoicl ol' 

lesions and sliowcd the normal histologic ikatures with the hepatocytcs. radiating l'rom 

the ccntra'l vein of' a lobulc lo the periplicr! (portal arca) containing the bile duct\ 

lymphatics and blood vessels (I'laLc 3.1 ). 

1,iver sections of diabetic. untreatccl rals were mildly to moderately 

liyperurimic/liaemorrliagic \vitIi mild liaeriiosidemin deposits in the centrilobular areas 
, - 

and ~ h c  periporlal arcas. lherc \yere moderate areas 01' licpalocyles dcgcncration and 

necrosis in the ccnlrilobular and pcriportal areas. with rnassi\/c inllamma~ory csirtlatcs 

consisting of mononuclear leucocytcs a ~ ~ d  plasma cell in the arcas. I'11cl.c was also 
b 

1cupl'li.r cclls liy pcrlrotry and pro1 ireration: and biliary . 

I.iver scctions o l  diabetic animals trcatcd wit11 glibenclamiclc slwwcd L~ariablc 

dcgrccs ol ' l iypcracmia/liacmo~~rhi~gc: but the Ii! p a l o c ~  tcs in both ccn~rilobular and 13otIi1l 

areas only slio\?icd very mild dcgenc~~ation/~iccrosis: anel without injiltration 01' 

inflamnialory cclls (Plate 3.3). 

0 1 '  the otlier groups of diabctic rats trcatcd with the different e x t r a c k  only liver 

necrosis. and with mild infiltration ol'inllanirna~ory cclls into tlic porlal arca (I'latc 3.4). 
,. . 1 .  1.1. t .  8. . In tlic subacutc tosicity stuclic 

diabetic 111s trcated with the diflkre~ 

degenera~ion arid necrosis w i ~ h  a: 

histopalliologic lesion was more se 

sho\wcl n i inu~e non-spec i fic hepato 

s l i o w d  niild to moderate hepatoc~ 

diabetic Sl)A ~rcatcci rats slio\ved a 

500 m g k g  trealcd rats showing w 

mononuclear leucocytes infiltration. 

was biliary epithelial cell proliferatit 



showcct very mild hcpntic clegenerati\le and nc 

ol'rhe purtal arcas (I'larc 3.7). 

Kidnc!; sections 01' i~ntrcated. non-diabetic rat 

the mammalian Iciclney with clearly discerniblt 

(Plate 3.S). Kiclncy sccrions ol' cliabcric. i ~ t ~ t r t  

necrosis 01' tubular epithelial cells and intlan 

plasma cclls) inliltration of the interstitial ~1x1 

Kidnt.! of diabctic rats treated with glibcncla~ 

but with little or no degeneration and ~lccro:  

mononuclcar leucocyte infiltration. 

K i d n ~ y  sections 01' rats treated with the difl'e 

die1 not she\,\; ~ h c  typical histological Scat 

associated with diabetes. 'l'he different estrac 

produced variable degrees of nephrotosicitl 

a j y c a ~ ~ ~ l  to have been dose-clepenclent in the c 

was associated ni t11  Ihcdly diffuse. but nl 

interstices and the pcri-glomeri~lar spaces (I'la~ 



Plate 3.1 : Liver section o f  non-diabetic, untreated rat showing normal histologic features 
o f  the liver. Note central vein (CV) and hepatocytes radiating to the portal area 
containing bile duct (Bd) and hepatic portal vein (HPV). 

H&E Stain: x 200 



Plate 3.2: Liver section of diabetic, untreated rat showing mononuclear leucocytes around 
the central vein (CV) in the portal area; focal area of periportal hepatocytes necrosis (N) 
and widespread lobular hepatocyte degeneration and necrosis (arrows). 

H&E Stain: x 200 



Plate 3.3: Liver section of diabetic rat treated with Glibenclarnide (5mgkg b.w.) showing 
focally diffuse areas of lobula hepatocytes degeneration and necrosis (N) but without 
mononuclear cells unfiltration of the portal areas (P). 

H&E Stain: x 200 



R HPV 

Plate 3.4: Liver section of diabetic rats treated with SDA (150mgkg) showing lobular 
foci of hepatocytes degeneratiodnecrosis (N), and mild mononuclear leukocytes 
infiltration of the portal area (arrow). Note Hepatic Portal Vein (HPV) and Bile Duct 
(BD). 

H&E Stain: x 400 



Plate 3.5: Liver section of non-diabetic rat treated with SLA (250mgkg) in subacute 
toxicity study showing tiny foci of hepatocytes degeneration and necrosis (N). Note 
absence of mononuclear leukocytes and Hepatic Portal Vein (HPV) and Bile Duct (BD). 

H&E Stain x 400 



Plate 3.6: Liver section of non-diabetic rats treated with SDA (500mgkg) in subacute 
toxicity study showing wide area of hepatocytes necrosis (N) and severe mononuclear 
leukocytes (MNL) of the portal area. Note: Bile Duct (l3.D). 

H&E Stain: x 200 



Plate 3.7: Liver section of nondiabetic rat treated with SDA (125mgkg) in subacute 
toxicity study showing mild paulobular hepatocytes degeneration (arrows). Note Central 
Vein (CV) and Portal Area (PA) of a lobule. 

H&E Stain: x 200 



Plate 3.8: Kidney section of nondiabetic, untreated rat showing Renal Corpuscles 
(arrow), Proximal tubules (Pt) and Distal tubules (Dt) with normal histologic features. 

H&E Stain: x 200 



Plate 3.9: Kidney section of diabetic, untreated rat showing widespread degeneration of 
endothelial cells of the renal corpusules (arrow), Proximai tubule epithelia (Pt) cells and 
Distal tubule epithelial (Dt) cells. 

H&E Stain: x 200 



Plate 3.10: Kidney section non-diabetic rat treated with 500mglkg of SDA showing focal 
area of Proximal tubules (Pt) and Distal tubules (Dt) degeneration and necrosis. Note 
Renal Corpuscle (RC) with endothelial cells degeneration and mild mononuclear 
leukocytes aggregation around the Corpuscle (arrow). 
H&E Stain: x 200 



CHAPTER FOlJR 

D I S C I J S S ' I ~ N  

1)iahctes n~el l i tus which is aboul tlie I:istcst growing n~ctabolic disease  world^ ide is 

clia~-acterised by a reduced capacity801'tlie D-cells ol'thc pancreas to rclcasc sul'ticicnt 

insulin to induce tlie activity of g l~~cosc  metabolising enzymes. The &cells ma)' be 

destro)cd as in tlie type I diabeteh (II)I)M) or intact as in type 2 diahctcs (NII)I)M) 

(Panncersclvarn and Govindaswamy. 2002). With an increasing kno\vlcdgc 0 1 '  its 

n~i~l t i l~actor ia l  nature, t h e  i s  a need for sakr  and 11101-t' effective therapies. 

In this sti~d).. ~ l i c  three dil't'erent extracts (S1.A. SDA and S1.t:) possess p l ia~.~ i lxo lop i i :  

action and show varied potential as  a n t i l i y l ~ e r g l ~ ~ c i ~ c ~ i ~ i c  agcnls. I ' l i c  r c i ~ l ~ s  a l ~ o  
b 

provide a pharmacological basis l i)r the use ol' tlic plants in traditional medicine l i ~ r  

tlic ~ i ia~~agemcnt  of diabetes mellitus. Even t l i ~ i ~ g l i  the ethanol cx l rac~ slio\ved the 

Iiighcst yield percentage. al tlie dosc tested. i t  csliihitcd the least anti-Ii~perglq.caemic 

activit!'. 'l'liis may be as a resi~lt of'(lic l : ~ t  LhaL ethanol rnay h a w  rcactccl \\:it11 one or. 

111orc ol' l l ic active co~~.st i tucnt~ lo rcducc tlic i~ccivit! or due to clliariol lo\icit!. 

A t  the dose lested, tlie combined extract (SDA) exhibited better allti-Iiyperglycaemic 

activity than glibenclamide (5 mglltg) in both tlie acute and chronic situations. Studies 

carried 0111 to ;ICCCSS the sa1'Cty 01' tlicsc pl;uit extracts using mice I-c\calcd an oral 

I,L)iI, greater than 5 glltg. Since 5 g11;g is the masimu~n a l l o ~ a h l c  dose b! the 

Orgu~~isation lor Econoniic Co-operation and I lcvclopn~ent (OIK'11) (itrideline 433 

lor tlie testing ol'clicmicals (OEDC:, 2000). it was not q i~ i te  necessap administering 

I~ ig l icr  doses. 'I'hc ~.esult of a preli~ii inar! dose response stud), using S1.A inclicalcd 

that 250 riiglkg is tlic most el'tLctive dosc \l lowing a bipliasic elllkcl r a ~ ~ g i ~ ~ g  l x t \ \ . cc~ i  
r .  . 5 0  mglkg and 250 n~g lkg .  l 111s si~g+ests Illat beyond the pcalt dosc 01'250 ~nglkg.  tlic 

extract may no longer be sak.  

I'liarnlacological investigation ol'tlic,sc csLracts, indicated that SLA arid SI)A cai~sed 

s i y  i licant reductions in the I'asling blood glucose levels 01' allosar~ i i ~ i l i ~ c c d  diahctic 

rals nlier 3 I~OL I~S  arid persisted through 10 0 I~OIII.S. IH~wevcr. in ~ i ~ ) r ~ i ~ o g l y c a c ~ i i i ~  rats. 

the extracts clicitccl a slight b ~ ~ t  insignilicclnt increase in [asting blood glucose levels 



'l'lic cl'l'ect ol'stiir~dard oral liypoglycaemic agent (glibenclarnide) was ccmparcrl \vith 

the extracts: in [he rlornlsglycacn~ic rat.; 'glihcnclamidc produced a noticc:~hlc 

li!~pc)gl!.~caemic aclivilj,, signilicanl at both (lie 3'" anti 4'" hours ol 'ad~iiinist~~ation. In 

tlic diabetic rats, the effect of g l i b e ~ ~ l a r ~ ~ i d c  or) FBGI. compared M cll v, it11 that ol' the 

extracts (SI,A arid SUA) ,  but the cstracts sliowcd a slight initial incrcasc in  I:H(;I, 

bcli~rc tlic progressive and niarltcd reduction. 

(S/I\t~delsl<~, 200 I ) ,  causllig pernianeiit dcstruct~on of (3-cells 'l'l~e dosc 65 1ng1Lg ol' 
b 

allo\an used in  tlirs study, caused modcrate diabetes (Grover e /  u/., 2000). It has bccn 

rcp)rtcci tI1i1I ~ l i L > e ~ i ~ J a n ~ i d e  was not ~ c r ~  cf'l.cctive wlic~i complete deslructioil 01'  (3- 

cell\ 11~1s o c c u ~ ~ c d  arid Iicncc rnol-c cIlL.cti\~c 111 nioclcl-alclj diabetic  at\ Ilia11 I I I  \ c \crc  

(\ulplionyluren\) has been sliow~i to be b j  tlic \tiniirIation 01' insulin proclirctioi~ b\  ~ l i c  

~xsrtlual (j-cell5 of the pancrc'ls in  addition lo cnliancemcnt 01' glucosc utilisat~o~i 

(Mollcr, 200 l ) 

7 7  . 
1111s $uggests that thc extracts may havc a siniilar ~nccliariis~il 0 1 '  aclio~l wirlr 

2lihcnclamidc arid may in addition possess an i~isulinominictic el'l'cct on peripheral 

tissues (i.e. extrapancrcatic mechariism) either by promoting glucc~ue uptake and 

mctabolisin or ir~llibiting I~epatic gliiconcogc~icsis (I?jonicni v/ ( I / . .  2000). 'I'his 

postulal ion corrclalcs w it11 that ol' Farjou c,/ (11. ( I 987) on the W O I ' I ~  witli . I i . /c i r~ i . \ ic i  

[>ail) ad~niriistratiori of SLA and SDA (350 ~iiglkg) and glibenclamdc ( 5  rng/l\g) to 

lhc diabetic rats twicc daily for three (3)  cvceks resulted in 'I signilkant rcductron 



(54% (>I'M, and 53% respectively) i n  listing blood glucose levels. 'l'lic reduclion was 

considerably less (19%) with SI,E. 'I'licse observations suggest that lhc aclive 

principlc(s) may bc more Iiydrosoluble than solvensoluble. Repeated administration v f  

thehe extracts twice daily elicited an increase in the lilsling blood glucosc Icvclh ol'tlic 

cliahctic rats within tlio lirst weel, which subscclucnlly (week 3) dccrc~isccl 1117 lo Ilic 

tliil-d weel;. 'l'liis tinding may explain tlic i~sscrtiorrs 01'~radorncdicnl prirclilioncrs: that 

the combination thcrap~ demonstrates an  inilial rise in FHGL which goes down alicr 

sometime and tlien stabilises. In v i m  01' this; i~nlike the sulplionylureas. the onset of 

ac~ion  ol ' t l iee cstr-acls is slow and so the c s l ~ x t s  cnnnot be i~sccl li>r ~ h c  management 

ol'c~iicrgcncq silualions. 

processes. Protein ~lioditication is L I ~ L I ~ I I J  niorc cvidcli~ li.o~ii a b o u ~  the 12"' week ol 

Iiyperglycaemia (Wolffo/ r r l . .  199 I ). 

I l i~~hctcs  ~llcllilus is laowti to be associntcd \ \  ill1 21 ~.ecluccd capucit! 0 1  I I I C  / i - ~ c l l  0 1 '  

the pancreas Lo rcleax si~l'licic~it iiisulin lo induce Lhc activilq ol 'gli~co\c 111clah)li\i11g 

c n q m e s  in both lype I and type 2 diahcies niellitus ( I ' a n ~ l c c ~ . s c l \ ~ i ~ ~ ~  ar~d 

(;ovindas\\/amy. 2002). The results ol'tliis investigalion indicate [hat the activities of' 

Iiexokinase (EC' 2.7. I .2 ) ,  the lirst enzyme ol'glycolysis, glucoki~iasc (1-X' 2.7. I .i) and 

lhc rate-liniiti~lg cwyme  ol' glycol!sis ( I , ( '  2.7.1. I I ) were signilici~ntl! dcprcssod i l l  

u n t r c ~ e d  diabetic rats. 'l'hcse rcsiilts arc consistcnl with the ~ q x ) r t s  ol' cltlicr 

researchers l'or tlic activilies of tlexukinase and glucokinase (I-likino e l  ( I / . ,  1989: 

Grover e l  c ~ l . .  2000: Panneersel\/an and Gsvindaswamy. 2002; Mahmood c /  cd . ,  2003: 

Gi1p1;r 01 r11.. 1099: Stanley el  (11.. 3000) and pI~ospliolii~ctol;i~iase (Sochor cJ /  (11.. I90 I : 

Grover el (11.. 3000). 

'l'reatmenl ol' the diabetic rats with the c s l rx t s  SI,A and SIIA sho\vctl nn increased 

hcxol;inase, glucoki~iase and pli~sph0li-t1~toki11i1stl activities: while SLLE depressed tlic 

activities ol' glucol;inasc and I > I ~ o s ~ J I ~ o ~ ~ L I c I o I ~ ~ I ~ ~ ~ s ~  but irlcrcuscd 11csol;inac acrivi l~ 

~ ~ L I I . ~ ~ I C I - I I ~ O ~ C .  ~~cdi~ctx l  g luc~k i~ ia se  activil!. I;~voi~rs the release into llic ci~xulation 01'  



g l~~cosc  s),ntht.sised via gl~~coneogencsis. 'This suggests wh 

i~lcl.c:~sc llu,\ 01' glucose into the glycolytic p;~lli\vn!. in ;Ill attempt to r c d ~ ~ c e  high 

bloocl~glucose concentration. Reduction in these enzyme activities in diabetic animals 

has hecn repor~ed to gi\/c risc to o depletion ol' liver (1yncci.jian c/ ( I / . .  1988: Seoanc 0 /  

ul.. 1906) and m ~ ~ s c l c  glq,cogen (I-1il;ino c/ c r l . .  1989). 

I t  ha\ been prc\ ~ o L I \ I ~ ~  demonstrated that thu hepatic g l ~  cogcn contcnt in ~ ~ ~ i t r c a t c d  

dic~Octic 1.215 \+ / i t \  higher th;ili ill ~I.C;IICCI ;II~CI ~ ~ n t r c i ~ t e d  I~OII-diabetic rat\ ( \rldcr\on and 

and in addition is in agreement with tlic lindi1ig4 01' Wclihinda and kar~~nanayal\c. 

d t p s i t i o n  li-om glucose is impaired in  diabetic animals and in proportion to the 

l ' rcatm~'nt ol' the diabetic rats with the cstracts (SI14 and SLA) inliibitcd this 

depletion in glycogen content \bit11 SIIA almost r c t ~ ~ r n i ~ i g  it to normal \\.liilc the eftkct 

ol'SI.1: \,\as quite r~cgligiblc. 'l'liis is pcwibl j ;  d ~ ~ c  to either the s t in i i~ la l io~ l  ol' insulin 

~ .e lcux  t iom [I-cells ( L o l i t k x  and I<;Io. IOOO) or i ~ i s ~ ~ l i ~ l o ~ i i i ~ i i e t i c :  activit! ol ' tlic 
. . 

cstructs g ~ v l ~ i g  risc Lo direct peripheral glucose ~~ptal,l: or combination ol't l ic two. 

(C lio c.1 r r l .  2002: Ayidin c/ ( I / . ,  2001). Repeated treatment 01' the diahetic rat4 

sign~ticantlq reduced the M D A  concentrations while surprisingly S1,A and C L I ;  

\ligIiLly i n c r c a d  MIIA concentration In both organ\ 



Several studies with human and animal models i ~ s i ~ i g  'I'I3ARS (MDA) a s s a  have 

slio\\rl i11crc:rscd lipid peroxidation iri liver a ~ l d  I i id~ ic )  ri ic~nbru~ics ( f :c i l l c t -C 'o~~dq 01 

(11.. 1999; I<:~l;ltar ' 11  ol.. 1997 & 1998; O~I .OSOL.~,  2003) ol'diabctic rab. I.'~xe I-ndicals 

arc lbrrncd disproportio~ia[ely in diabclcs b j ,  gli~cosc osidaliori. glyca[ion ol 'prvtcir~s 

and the s~~bsec l~~e l i t  oxidative degradation ol' glycaled proleins (Martini P I  ril. ,  2003). 

l'liesc ~ w c t i v c  c o ~ i i p o ~ ~ ~ i d s  in lurn callsc l ipid peroxidalion. rcsul~ing in llic l i ) rmat io~i  

ol' hydroperox! I i t l y  acids and c~~dopcro\idcs \vliicll iricrcnsc thc l i )r~na[ion 0 1  

~iialon~dialdeliyde and tliromhosa1ieI3~ ( ' I ' ~ l 3 ~ ) .  'l'hc accum~~lal ion ol' '1'h132 and 'l'x,Z2 

call cairse platele~ aggregation and promote ~hro~nbosis (Susliil P I  ( 1 1 .  1008). Tlic 

sig~li l icant reduction in M D A  by SDA co i~ ld  lead to a decrease in oxidative stress in 

both the liver and the Itidncy. especially in ~11c lallcr and hence a possihlc dccclcl-alio~l 

i l l  ~ l l c  progression ol'diabelic con~pl ica[ io~l \  i11 the 1,iclncy. 
b 

N u m c r o ~ ~ \  \t~idies have dcmon$trL~lcd hll the r c d ~ ~ c c d  g l ~ ~ t ~ ~ l i ~ o n c  (GSII) 

concentration in both the diabetic I,~dnq ( I  cc ( I /  (11  . 2000: 0171-osova (11 . 2003) ;)lid 

I I ~ ~ I  ( I 1 g o c I i ~ ~ I , \ ~ ~ ~  and Bahdq,  2002) ,rrc lo~~r ic l  10 be \ i g ~ l ~ t i c a r ~ [ l j  ~cdnccd Ihr \  

s~~ggcsts that lhc decreased GSI I corlccntl-a~io~i 111aj. play a role in tlic clcvclop~ncnt ol 

tliahclic cornplications. In this study, lhcl-c was ;I significant incrcabc in CiSII 

conccnLralion in the diabetic rats treated \ v i l l i  the cxlracts compared to the diabctic 

control rats. 'l'liese increases could be onc 01' ~ l i c  hctors responsible li)r the r c d ~ ~ c c d  

o\idalivc S L I U ~  in the diabclic treated rats. 

I 'hc activily 0 1 '  glutathione S-transferasc (CiS'I') was highest in [lie organs l i um lhc 

diabelic animals. 'l'liis could be as a result of [lie induction of' enzyme synlhesis in 

dialxlics. Tlic high level o f  glulatliione S- l ra~~s l imsc activity in lhc cliahctic u o ~ ~ t r o l  

Species (ROS) scavenging enzyme$ (Ni~l,,lnc~ii ( I /  (11 . 1995, Nourn()/-/aclcli c J /  ( I /  . 
1007). l'roni tliesc results, the enry~ i ic \  \uperoxidc dismutase (S01)) m d  ca~al:r\c 

acl iv i~ ie$ ~ c r c  obser~cd to increase in [lie diabetic control rats compared to tlic 



norm;rl ralh ill both organs. I loucvcr. t~ .ca tn~c~ i l  hit11 SI>A and SI.,A sig~~ilicantl! ' 

reduced the catalase activity in [lie hepalocyles and in the Itidncy ~ i i l i  SI)A almosr 

normalizing [lie activity. S L I  showed a very insignificant cl'fcc[ OII the enzyme 

aclivities. 7'hcse results Ivere consistent with other studies tbr liver SOI) and kidney 

SO11 (Yacln\l cJ /  (11.. 1997:) as \veil as liver calalase ( I lgochul ;~n (11 (11.. 3003) aiicl 

liiclne!; ca~alasc (IJgocliuIt\vi~ anel C'obou~llc. 7!)03) .  

supcwside anions due to their rapid pl-odi~ctiori (('110 01 ( I / . ,  2002). I 'he increased 
b 

calalase ac l i v i t~  in tlic diabetic conlrol rats could be as a result ol ' high hydrogen 

pcro\idc (t1?O3) concentrations. since catala4c scavenges I 1 2 0 1  (IJgoclii~l\\cu OI (11 ,  

'l'lie decreased level ol'glutatliione that was rccor~led in the diabclic control animals 

could cclually be a compensalory mec1i:rnism by the animals to overcollie the cl'liclh 

ol'c)sidalivc s~rcss tliat migli l have rcsirl[ctl lixm clccrcased acri\!ir! o l 'cata l~~sc and 

S01).  Glurulliionc participates in widclj; clil'l'c~-ing mctaholic patl~~\:a)s ~111tl l ' u ~ ~ c l i o ~ l s  

as an  antioxidant lhrougli two distinct mcclinnisms (1:crnandez-Cllcca c.1 (11.  1097). 

1:irsl. glutatliione can transl'ttr hydrogen ions directly to oxidants w i t l io i~ t  l l ic 

inlcrvention o f  an enzyme thereby quenching the activity of the oxidant. Secondly, 

glulatliionc can dvnatc hydrogen aloms to assisl an enzyme that converts 

h!:dropcroxiclc lo waler: the g lu lat l i io~~e peroxidax, (1:crnandez-C'licca LII r l l . .  IcV17). 

In [his way, glutathione is involved in lhc quenching of dil'fcrent reactive oxygc~ i  

species: and therefore acts as a compensatory antioxidan[ to both SOD and calalasc. 

(;lutathionc depletion is a positive indicator ol'tissue degeneration anel die magniludc 

01'depIelion parallels the severity of lhc claliiagc (Anclcrwn. 2004). 

ILipids play a very vital role in the palhogenchis ol'diabctes mel l i t i r .  1,ipid proli lc 

\+li icli is altered in the serum 01' diabetic palients (Orchard. I900 and Ucttcriclegc. 

IOCM). appears lo bt' a signilicant risk lilclor in the dcvelopmcnl 01' j~~-cn-iatu~~o 



atlierosclcrosis and coronarq heart disease (Miriol-ov'i (.I ( 1 1 .  3000). 1111s critails CII~ 

increased tr~glyccridc and total c lwlc\ le~ol  conccntrat~ons. I lyperlrpiclucn~ia is LI 

recogqised consequence o f  diabetes ~i iel l i tus (Pushparaj e/ i l l., 2000; I'cpato e/ ol.. 

300.3; sllarlll'l 01 ~11.. 2000). 

In 1111s s t ~ d g ,  the extracts cigniticantlj rcducccl raised triglqccride and to1'11 cholesterol 

co~~ccntrations in treated diabetic rats \ .~l icn comparcd \bit11 the i~ntrcntcd diabetic 

group of  rats. Sir i i~lar obscrv;~ti~ns \verc rcp~)rted by Pusliparai 01 (11. (2000): 

I l~ochul,\sir (11 (11 (3003) and Momo (,I (11 (1000) 011 the I.C\PCLII\ e eI Iec~\  o l  

d j~ l ip idacmia .  'l'lie abnormal high concc~~trai ion ol'serum lipids in diabetes is mainly 

d~ rc  to the increase in the niobilisation 01' l l ltty acids l ium the peripheral depots, siricc 
+ 

i ~ ~ s u l i n  inhibits the hormone scnsi<ivc lipasc. 'l'lic c\;lracts might have rcducccl tlic 

t ~ ~ g l q c c r ~ d c s  ill the cliahetic animals b) c l c ~ l c a s ~ ~ r g  h e  scl.i~r~i IIOII-C~~CI ~l iccl Iat~! acid\ 

Kcs~rlts showing the el'fect 01' the extracts on 1,L)L-choleslcrol level revealed a 

sig~i i l icanl s~~pprcssion 01' L~,I)l,--cl~olcsIc~~ol I?! alloxan Lreut~nent. L l i ~ c l i  as llic 

dil'lkrcnt extracts elevated it. the elevation \\as s l ig l i~  and non-siz~li l icir~rl. I lie reason 

l'or this observation was not known or investigated. 

t i~rthcrmore, it w37 also observed that j ~ng le  e\tract t~eatmcnts (51 A and S1,l ) 

~licrcn\cd 1 1 1 > 1  cholc\ tcro l  level\ rclnt~\/c lo the cli'lhclic i~ntrcatccl g ~ o ~ r p  0 1  Ints. 11111 

the combinat~on therap>, SDA signil?c,lnll~ clc\/,ltccl the II1)l cIiolc\lcrol Icvcl c v c ~ ~  

nl?o\c the normal control level. [his i\ ol' lntclcst. srnce SDA r c r n a ~ l , h l ~  elevated 

IHDI -cholesterol, it signiticantlj decreased atherosgenicity (~ncreascd anti- 

atllerogenic index). SLIA therefore has the potential to prevent the hrmaticw o f  

atlicrosclero\is and coronar! heart disc<~\c \ \  h ~ c h  arc \econdary diabcl~c complication 

(I'ontbonne e /  r11.. 1989; Clio PI ( I / . ,  2002). 



c\lracts rncrcased lliese paramcltrs I lacriiC~lwr il or p a ~ k c d  cell volurnc (I'CV) can be 

used '15 a screening loo1 for anaemia. N o  sipniiicont dittcrencc was ~ecorcled in the ~.ctl 

hlootl cell (I<lK') coi1111 01 all the gr-oi~ps 

Since 1117, IY'V arid R13C rellect tlie tolal popi~l~ition or  I-ed blood cells 111  he blood. it 

implies that the extracts mnj  at'tt.ct incorporatinri ot'liaemoglobin into red blood cells 

and [lie morpliology/os~iiotic fragilitq of red blood cells produced. 

I lo\vevcr, the rncrcase in thew parameter-s sirggcsls 1 1 ~ 1 1  lhc c ~ t r a c l s  riia) iriiprovc llic 

population ot'rcd blood cells produced li.0111 tlic bone marrow (C'licel\c. 10C)S: Ycelc~ 

01 (11.. I 998). 

# 
Morcso. the \\liitc blood cell ( W L K  ) coirn1s 01 tlic g~oirps ~ l i , ~ t  I . ~ C C I L C C I  \ I  ,A. 51 1 L ~ ~ i d  

gl~hcnclamidc \lio\ved signilicant ~ncrc,lscs \+hen compared \\ 1111 the d ~ ~ b c t r c  control 

group. I lie y o ~ r p  h a t  received tlie con ib~n~~ t ron  therapy ( \ I > A )  compared well nib 

tlic normal control group. 'These findings \uggc\t that alloxan ma) hdve caused 

dcsrriiction or rrnpairecl produclron ol M Ii~tc blood cells. 11 Iias heel1 reported h ~ t  

grL~rnirlocyle -- macrophage colony \timi~lalrng lactor and rntcrleul\i~is 1 1  2. 1 I 4 u~id 

1 1  -5 regirlale tlie proliferation. dil'krentiation and rnaturat~on ol' commrttcd stern 

cells rcsponsrble for the production ol wlirtc blood cclls ((iariong, 200 1 :  (iuyton and 

11,111. 2000). A l l o u n  may have inter-1i.d \I itli either of these \tcp\ in lhc production 

ol WIK': thcrcby pretlihposing to inli.ctrori 5rncc 11ic c\lracls rmpro\ctl the s t ~ t u s  ol 

tlic w h ~ t e  blood cell counts, tlic) mu!/ p o s ~ s s  lhc potentral ol'causrng prop-cssrvc b~rt  

selective bone rndsrocv activation. 

'l'hc sub-acute toxicity studies using 2 5 0  riig/l\g ol' ~ l i c  cslracl \\crc carried O L I ~  li)r 30 
- - 

days lo Kslllcr K s c K  t1iF saTc ty l? rcTT i l~co l ' r hcs~  c,xtruc%. ' t hc~us r rh \  r c v ~ - t t l c c h c ~  

adverse et'i'ect on the haematological par.anictcrs which includi.WUC' and R1K' counts. 

I Ih. t l 'c t ,  MCV and MCI-I. l'lie extracts also showed no deleterious el'l'ec~ on the serum 

liver enzymes, AST and AL'T'. Thus, these plant extracts can be presumed to be fi-cc 

l'rom toxicological effect on these p:u-amclcr~s at the dose 250 riig/Iq ~rwl i l l  llic stid!. 



The activities 01' the serum enzymes: alaninc a~iiinotransferase (AL'I') and  aspartate 

a ~ ~ ~ i ~ l o t ~ ~ a n s l ' e r ~ ~ ~ c  (AS'I') wcrc elevated in l l ~ c  iliabelie aninlol group\ \vlleri comparui 

with the normal control animals. 'l'hc extract SI IA reduced the Icvcl\ 0 1 '  AS'I' a n d  

A l  . ' I  while SL.A reduced only AS'I' bul 1101 A I ,  I' in l l ic serum. A l ~ l i o i ~ g l l  Al.'I' and 

AS'I arc ma~dicrs ol'l~epatocellular injury, their s e r m  levels also are also clcvared in 

siluatio~lh o l '  i ~ l j u r>  to o l l w  organs like I\itlnc). I~car l  aml mnsclc (13ai1i. 300.3: 

Valcnlinc (.I r~ l . .  1990). l'licrcli)rc. lhc i~lc,r-c;~xd Icvcls 01'  A I , ' I '  and AS'I i 11 l l ic sc11i111 

o l ' h c  diabelic unrreakd animals co~r l i l  1x2 a rcsult ol ' l ivcr or kidney danlage: i ~ l c c  ~ h c  

animals were under oxidative stress lhal also alt'ected ~ h c  kidneys. 

known lo  IX)SKS a single (11- a ilivcrsc range ol'biological uctivilics 
# 

In si lmmaq, [he resulls o f  this s t i~dy h i ~ \ l ~  \how11 1ha1 roots oS,Vrrr~occ~/)l~~1/21\' / L I I I / O / I ~ I \  

capuci~y l o  reduce both l ipid levels and oxiclalivc stress. I ' hc  onscl o l  h>pogl>cucmic 

aclion i s  lalc as co~npared to thal seen \vith insulin or h e  sulli)nylureas and hcnce thc 

c x k ~ c t s  u/ i l l  be prel'crable in lank-lerm lrcalmenl or as a diabetic mainlcnancc 

e\lracl. is a beller option than SI,A since it not only \liowcd berrer gluco\c lowering 

aclivitj,. but a l m  elicited a more potent antioxidalive and anli-lipidemic ,~clivil ies. 
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APPENDICES 

Appe~idis 1 : Protein C'oncentratlon ( ~ n g / m l )  in thc Organs 

1 LIVER KIDNEY 

~ 

Normal Control j 2 9 . 9 0 k 3 .  1 7 tlh. 1 5 + 3  l N 

Appcndix 2 :  Effi-ct of'3-week repeated administration of the extracts on thc serum lipid 
proti le 01' diabetic rats" 

Group / Total 
/ Cholesterol 1 (mNlo1~1~) 1 Cholesterol Cholesterol 

Normal 

Control 
1.27*0.47" 0.8710.18" - -. 0.4310.06 - 0.6 -- I +0.4q - -- - - 

SLE-250 I .54+0.22" 1 .06+0.18"' 0.66+0.06 

Diabetic I .4110.63* 
Gl ibe~~la imide  
a valucs arc givcn as mean * S. 

- - - -  - - - - - - - - - - - - - - - - - 

[I, for n=4 
- - - - - - - - - - - -  - - - ~ 



Appei~dix 3: Effect O F  Lhe extracts 011 haeiiiatological paraincters 

-- 

Treatment 
Group - - - - 

Normal 
C'ontrol 
-. . .- -. 

Diabc.tic 
Control 

SLA-250 

Iliabctic 
glibenclymide 

-. -- 

Appendix 4: I:l'l'cct ol'the extracts o n  ~ h c  actl\ 11ics ol'thc I ) \  cr cii/ymc:, - AS I , ~ n d  111 I 

Appendix 5 :  Livcr peroxidation level (MLIA) ( ~ n o l  em-' x I 0.') 



Appendix 6: Effect of rcpeatcd administration ofthe extracls o n  GSI-I concentration 
(pgiml) 

- -- - - - - -- -- - - 

Group . - - - - - . --- 
Liver mean k SI) 

-- 

9.25t0.8 1 7 5410.0; I 
- I 1 Diahctic Control 

SLA-250 

Appendix 7: IXcct ofcatalase activity (I<at.l: x 10.') 

Appendix 8: Effect of catalase activity (SOD ~initsiing protein x I()-') 



Appendix 9: 1:fkct of repeated administration (2  1 days) of thc cutracts on the activities 01' 
the Iicpat~c ewymcs  ol'carholiydrate m e t a h o l ~ m  In d~abctic rat\" 

/ Group 
i 

Normal Control 
Diabetic Control 

- - 

mMol/min/mg 
protein) 
Hexoliinase x 10." 

-- - - - -- - - - - 
1 - -  -- 

~ n i ~ o l / i n / m  protein) I mMol/min/mg protein) 
/ Glucoliinase x 10-5 1 Phosphofrirctoliinasc x 10.' 

a v d i ~ c s  arc given as mean * S.D. for groups ol'4 animals cadi.  I l iabc~ic control \ \ a \  
compared \villi thc normal a i d  the diabctlc trcatcd group\: 

1'~,0,05 ' 

, 

Appcndis 1 0 :  Effcct  sadm ministration o f  21 days oi'thc extracts on  liver glycogen 
contcnt of'diabctic rats" 

P i v w  glycogen (mg/g 
28.05 * 0.85 

a values are given as mean * S.D. lor groups ol '4 animals cadi 



Appendix 1 1 : Protein (BSA) Standard C L I ~ V C  

4 6 8 

Protein conc. (mglml) 



2 4 6 8 

Protein conc. (mglmi) 

Appendix 1 1  : Protein (BSA) Standard C'LII-LC 



Appendix 13: Standard I l ydrogen Peroxidc ( H 2 0 2 )  C L I ~  e 



GSII C'oncentration (pg/ml) 

Appendix 13: Standaid C;lutathione (GSI 1 )  Curve 



0 100 200 300 400 500 600 
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Appendix 14: Standard Glucose Curve 
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