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Abstrac t 
Background: Increased generation of free radicals 
from protein glycation has been associated with 
compromised integrity of erythrocytes in diabetes. 
Musa sapient urn has been reported to possess anti-
diabetic properties and this study investigated the 
effect of methanol extract of Musa sapientum on 
protein glycation and erythrocyte integrity. 
Methods: Forty-two male Wistar rats (180-200g) 
were randomly grouped into seven: 1 (control), 2 
(diabetic untreated) , 3 (normal extract- t reated 
(250mg/kg)), 4 (normal mctformin-trcatcd (150mg/ 
kg)), 5 (diabetic extract- t reated (250mg/kg)), 6 
(diabetic mctformin-trcatcd (150mg/kg)), 7 (diabetic 
insulin-treated (1 IU/kg)). Diabetes was induccd with 
single intraperitoneal injection of 120mg/kg alloxan. 
Animals were treated for 14 days and blood (3mis) 
was collcctcd from retro-orbital plexus to determine 
scrum fructosaminc level, erythrocyte superoxide 
dismutasc (SOD) and glutathione peroxidase (GPx) 
activities. Glycated haemoglobin (HbAlc ) level was 
estimated using a conversion formula. Animals were 
sacrificed thereafter by cervical dislocation and 
pancreatic tissues were excised and stained with 
hacmatoxylin and cosin for histological study. 
Statistical significance at P< 0.05 was analyzed by 
one-way ANOVAand Newman-Kai ls ' post-hoc test. 
Results: Diabetic rats treated with extract, metformin 
and insulin had s ignif icant reduct ion in scrum 
fructosaminc level by 62.64%, 74.63% and 56.05 % 
respectively while HbAlc level reduced by 45.06%, 
50.62% and 40 .57% respectively. Activities of 
erythrocyte SOD and GPx were increased in the 
extract-treated group. Histological studies showed 
regeneration of islet cells in the diabetic extract-
treated rat which was comparable to normal. 
Conclusion: The extract inhibited protein glycation, 
regenerated the islet cells and improved erythrocyte 
antioxidant status in diabetic rats. 
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Resume 
Contexte: La generation augmcntcc de radicaux librcs 
provenant de la glycation des protcincs a etc associc 
avee Pintcgritc compromise des erythrocytes dans lc 
diabetc. Musa sapientum a etc rcfcrc a posscdcr des 
proprietcs ant id iabet ics ct ccttc etude a invcstigucc 
relict de P cxtrait dc methanol de Musa sapientum sur 
la glycation des Protcines ct dc r in tcgr i t c des 
erythrocytes. 
Methodes: Quarantc-dcux rats Wistar (180-200g) ont 
etc rcgroupes au hasard en groupc dc sept: 1 (tcmoin), 
2 (diabetiqucs non-traitc), 3 (traitc avee cxtrait normale 
(250mg / kg)), 4 (traitc avee mctforminc normale (150 
trig / kg)), 5 (traitc avee c x t r a i t d i a b c t i q u c ( 2 5 0 mg / 
kg)), 6 (traitc avee mctforminc diabctiquc (150 mg / 
kg)), 7 (traitc avee insulinc diabctiquc (I UI / kg)). Lc 
diabetc etait induit avee unc injection intra-pcritoncalc 
dc 120 mg / kg d'alloxanc. Lcs animaux ctaicnt traitcs 
pendants 14 jours ct lc sang (3 ml) etait rccucilli 
provenant du plexus rctro-orbitairc pour determiner lc 
niveau scriquc dc fructosaminc, dismutasc supcr-oxydc 
crythrocytairc (SOD) et la glutathion des activitcs 
pcroxydasc (GPx). Lc niveau d'hcmoglobinc glyqucc 
(HbAlc) etait cstimc cn utilisant unc formulc dc 
conversion. Lcs animaux ctaicnt sacrifics aprcs ccla 
par dislocation ccrvicalc et lcs tissus pancrcatiqucs 
ctaicnt cxcisccs ct colonics avee hcmatoxylinc ct cosine 
pour P etude histologiquc. La signification statistiquc a 
p <0,05 a etc analyse par unc voic ANOVA ct lc test 
post-hoc dc Ncwman-Keuls. 
Resu/tats: Lcs rats diabetiqucs traitcs avee P extra it, la 
mctforminc ct Pinsulinc avaicnt reduction significative 
du niveau dc fructosaminc scriquc par 62,64%, 74,63% 
ct 56,05% rcspcctivcmcnt, tandis que lc niveau HbAlc 
rcduit par 45,06%, 50,62% ct 40,57% rcspcctivcmcnt. 
Lcs activitcs des SOD erythrocytes et GPx ctaicnt 
augmcntcs dans lc groupc traitc avee Pcxtrait. Lcs 
etudes hislologiqucs ont montrc regeneration des tlots 
dc ccllulcs chez lcs rats Traitcs avee cxtrait diabctiquc 
ccqui etait comparable a la normale. 
Conclusion: L*cxtrait a inhibc la glyaition des protcines, 
rcgdncrc lcs tlots dc ccllulcs ct a amcliorc lc statut 
d 'drythrocytcs antioxydant Chez lcs rats diabetiqucs. 
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Mols-clcs: Diahele, glycalion des I roteincs, 
sapientum, SOD erytlirocy,(,''vet 

In t roduc t ion , . , 
Diabetes is a metabolic disorder that mod.I.es a 
number of physiologically important mammal,an 
proteins such as scrum proteins [ I ], haemoglobin 
[2], membrane proteins [3] and protein in the eyes 
[4], Diabc tcs - induccd g lyca t ion ol p ro t e in s 
subsequently causes an increase in the generation of 
free radicals a fleeting body cells, including red blood 
cells (RBCs) [5]. It is believed that the underlying 
causes of complications associated with diabetes are 
hyperglycemia and consequent protein glycation 
which culminates in increased production of free 
radicals [6, 7]. Oycdcji et al. [5] reported that 
associated modifications of RBC membrane proteins 
as a result of hyperglycemia consequently reduce 
erythrocyte survival, antioxidant activities and 
increase lipid peroxidation. Endogenous enzymatic 
and non-enzymatic antioxidants such as glutathione, 
c a t a l a s e , g lu t a th ione p e r o x i d a s e , supe rox ide 
dismutasc, vitamin A, C and E, melatonin, coenzyme 
Q, glutathione reductase and others help mop up 
generated free radicals thus protecting the cells from 
damage [8,9, 10]. Exogenous agents and plants have 
well been reported to possess anti-diabetic and 
antioxidant properties that help up-rcgulate the 
activities of endogenous antioxidants. Experimental 
animals treated with Garcinia kola root and Musa 
sapientum leaf e x t r a c t s respec t ive ly showed 
s ign i f i c an t reduc t ion in l ipid pe rox ides and 
significant increase in the activities of antioxidant 
enzymes in diabetes [11, 12). 

Musa sapientum is an herbaceous plant of 
Musaccac family, commonly known as "banana'. The 
anti-diabetic potential [13, 14) and thcanli-ulccrativc 
properties [ 15] of various parts of the plant have also 
been demonstrated. The extract of Musa sapientum 
leaves has been reported to contain saponins , 
antioxidant properties [12] but there is dearth of 
information on its poss ib le e f fec t s on protein 
glycation and erythrocyte antioxidant status. This 
study therefore seeks to investigate the possible 
effect of methanol extract of Musa sapientum leaves 
on protein glycation and erythrocyte antioxidant 
status in diabetes. 

Materials and methods 
Collection and preparation of plant extract 
ITCSII leaves of Musa sapientum were collected and 
air-dried at room temperature. Dried Musa sapientum 
leaves were grounded to powder using an electronic 
mill (Binatone) and subjected to extraction processes 
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using n-hcxanc (for 72 hours), then ethyl acetate and 
finally methanol for 72 hours with constant daily 
stirring. The methanol filtrate was collected using 
Whatman no. 1 filter paper and evaporated to dryness 
under reduced pressure using rotary evaporator. The 
dried extract was stored in dry sterilized containers 
at 4°C until use. The aqueous solution was prepared 
by dissolving l l . 25g of extract in lOOmls of water 
and labeled as MEMSL (Methanol Extract of Musa 
sapientum Leaves). The dose of MEMSL used was 
250mg/kg body weight. 

Pin tochemical screening 
The methanol extract of the leaves o f M sapientum 
was sc reened for the p re sence of pheno l i c 
c o m p o u n d s , f l avono ids , t ann ins , t e r p e n o i d s 
according to the method of Trcasc and Evans [16]; 
Sofowora, [17] and Khandclwal [18]. 

Estimation of total phenols 
The amount of total phenols in the plant leaves was 
estimated using the method of Singleton et al. [ 19] 
which is based on the reaction of phenols with 
phosphomolybdic acid in Folin-Ciocaltcau reagent 
to produce a blue-coloured complex in alkaline 
medium measured spcctrophotometrically at 765nm. 

Animals 
Forty-two healthy male Wistar rats weighing (180-
200g) and having blood glucose (70-90mg/dL) were 
maintained on s t andard rat pellet (Vila feeds, 
Nigeria), and water ad libitum at a photo-periodicity 
of 12 hours light and 12 hours night in the animal 
house of the Faculty of Basic Medical Sciences. The 
animals were acclimatized to laboratory conditions for 
two weeks before the start of the experiment. All 
experiments were performed in accordance with the 
public health policy on Humane Care and Use of 
Laboratory Animals of National Institute of Health [20]. 

Induction / determination of diabetes 
Diabetes was induced by a single intra-pcritoncal 
(/'/;) injection of a l loxan monohydra tc (Sigma 
Aid rich, Germany) (120mg/kg body weight) [21] 
after 18h fasting. Blood glucose levels from tail vein 
were monitored al 12h interval for three days alter 
alloxan injection. Diabetes was confirmed 72 hours 
a f te r a l loxan injection using AccuChck Active 
glucomctcr (Roche Diagonistics, Germany). Animals 
with constant fasting blood glucose (FBG) values 
above 250mg/dL )22) were recruited for the study. 

Expei 7 men (a I pi ocedui v 
The animals were divided into seven groups of six 
rats each. 
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C r o u p I; Normal untreated (NU) rats with free 
access lo water and food 
Group 2: Diabetic untreated (DU) rats with free 
access to water and food 
Group 3: Normal rats treated orally with MEMSL 
(250 mg/kg) daily for 14 days (NMEMSL) 
Group 4: Normal rals treated orally with metformin 
(150mg/kg/day) daily for 14days (NMETF) 
Group 5: Diabetic rats treated orally with MEMSL 
(250 mg/kg) daily for I4days (DMEMSL) 
Group 6: Diabetic rats treated orally with metformin 
(150mg/kg/day) daily for I4days (DMETF) 
Group 7: Diabetic rats treated with HU/kg (/.///.) 
insulin for 14 days (DINSL) 
The blood glucose and body weight of the animals 
were monitored throughout the study. 

Biochemical assay 
After 14 days of treatment, 3mls of blood was 
collected through retro-orbital plexus under mild 
ether anaesthesia into plain and heparinized scrum 
bottles (1.5ml each). The blood samples in the plain 
bottles were allowed to clot for one hour and 
ccntrifugcd at 3500 rpm for lOminutcs. Scrum was 
carefully aspirated into clcan sterile plain bottles and 
kept frozen at (-20°C) for biochemical assay while 
heparinized whole blood was used immediately for 
antioxidant enzyme analysis. 

Estimation of serum fructosaminc 
Scrum was allowed to dc-frcczc at room temperature 
and assayed for fructosaminc level using quantitative 
colorimeric fructosaminc kit (Fortress Diagonistics, 
UK). 

Estimation of glycated haemoglobin (I lb A lc) 
Estimation of glycated haemoglobin (HbAlc) was 
done using the prediction formula of Cohen et al. 
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123J for calculating the HbAlc level from available 
data of fructosaminc level. 
% HbA = 0.017 X Fructosaminc (pM) +1.61 

lc 

Estimation of antioxidant enzymes 
I leparinized blood sample was ccntrifugcd ill 3500 rpm 
for lOminutcs to separate red blood cclls (RBCs). A 
volume of 0.5ml of RBCs from ccntrifugcd heparinized 
blood sample was washed four times with 5ml of normal 
saline before being subjected lo biochcmical assay. 
Determination of the erythrocyte SOD and GPx activity 
in the RBCs was done using test kits (Fortress 
Diagonistics, UK). Assay for SOD was performed 
according to the principle of Wooliams, et al. [24]. This 
method involved generation of superoxide radicals by 
xanthine and xanthine oxidase to react with 2-(4-
iodophcnyl)-3-(4-nitophcnol)-5-phcnyItctrazolium 
chloridc, while GPx assay was done based on the 
principles of Pippcngcr, et al. [25]. 

/listopatliological Studies 
The animals were sacriftccd by ccrvical dislocation 
and an incision was made in abdomino-pclvic region 
to excise the pancrcas fixed in 10% formalin. The 
fixed pancrcat ic t issues were evaluated for 
histopathology using Hematoxylin and Eosin 
staining procedures of Culling [26]. 

Statistical analysis 
Results were expressed as Mean ± SEM and analyzed 
using one-way analysis of variance (ANOVA) and the 
Ncwman-Kculs post-hoc test for test of significance at 
(P<0.05) (Graphpad Prism 5.01, USA) 

Results 
Phytochcmical screening of MEMSL showed 
presence of phenolic compounds, flavonoids and 
tannins while terpenoids were found to be absent 
(Table 1). 

Tabic 1: Phytochcmical screening ofmcthanol ic cxtract o f Musa sapientum leaves (MEMSL) 

Phytochcmicals Test Presence 

1. Phenolic compounds 

2. Flavonoids 

3. Tannins 
4. Terpenoids 

a. Fcrricchloridc test 
b. Lead acetate test 
a. Sodium Hydroxide test 
b. Cone. H,SOj test 
Extract + Distilled H , 0 + 10% FcCl, 
Extract + ethanol + acctic anhydride 
+ H;SO4 

Total phenolic con tent of MEMSL was estimated according to the method of Singleton ct al. [19] to be 2.48 ± 0.00 
mgG AE. rngGA E - milligramme Gallic Acid Equivalent. Result expressed per unit gramme of extract. Value expressed 
in mean ± standard deviation 



264 !•;() A (tcwoyc and HO A dele 

T a b l e 2 : Efleet 

Exper imenta l 
G r o u p s 

, r , , PX (met of Musa sapientum leaves , m e t f o r m i n a n d insul in on blood g lucose 
:cls o f m e t h n n o l K - c x , , t 

1 ( N o r m a l Untreated) 
2 (Diabe t i c unt rea ted) 
3 (Norma l M E M S L - l r c a t c d ) 
4 (Norma l Mc t fo rmin - t r ea t cd ) 
5 (Diabe t ic M E M S L - t r e a t c d ) 
6 (Diabet ic M c t f o r m i n - t r e a t c d ) 
7 (Diabet ic Insu l in - t rea ted) 

Blood G l u c o s e ( m g / d L ) 
72 h o u r s a f t e r a l l o x a n Values af ter 14days % Reduc t ion 
inject ion of t r ea tment 

90 .4 ± 3 . 2 3 
3 9 7 . 4 ± 2 4 . 9 1 
87 .6 ± 0 . 2 4 
94 .4 ± 0 .9S 
3 6 0 . 8 ± 3 0 . 3 3 
3 7 5 . 0 ± 19.00 
2 8 7 . 2 ± 10.82 

73 .6 ± 1.03 
4 7 4 . 2 ± 13.93 
75.2 ± 1.66 
8 2 . 6 ± 3 . 7 5 
194 ± 4 4 . 6 7 
192.6 ± 4 2 . 0 3 
135.8 ± 13.17 

18.58* 
-19 .33 
14.16* 
12.50* 

4 6 . 2 3 * 
4 8 . 6 4 * 
52 .72* 

Values are mean ± SLUM: n=6. 
(P < 0.05) 

' Significantly different fmm Group 2 (Diabetic untreated) 

Administration of MEMSL, metformin and 
insulin on diabctic groups significantly (p < 0.05) 
rcduccd blood glucosc level by 46.23%, 48.64% and 
52.72% rcspcctivcly compared to diabctic untreated 
group (tabic 2) 

Diabctic animals treated with MEMSL, 
metformin and insulin showed significant reduction 
(P < 0.05) of 62 .64%, 74 .73% and 56 .05% 
rcspcctivcly in scrum fructosaminc level compared 
to diabtic untreat (figure 1)". 
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Fig.l: Scrum fructosamine level in control and treated animals. 
Values are mean ± SUM, n=6. *compared with NU (P < 
0.05),'compared with DU (P < 0.05), "compared with DM inl-
and DINSL (P < 0.05). NU: Normal Untreated. l)U: Diabctic 
Untreated. NMEMSL: Normal MEMSL-lrcatcd. NMLTI . 
Normal Mctformin-treatcd DMEMSL: Diabctic MEMSL-
trealcd. DMETF: Diabctic Met form in-treated. DINSL: Diabetic 
Insulin-treated 

Glycated haemoglobin (MbAle) level in diabetic-
MEMSL treated, diabetic metformin treated and 

/ ^ <r 
G r o u p s 

Fig.2: Glycated Haemoglobin level (HbAle ) in control and 
treated animals 
Values are mean ± SLM, n=6.'compared with NU (P < 
0.05),'compared with DU (P < 0.05)."compared with DMETP 
and DINSL (P < 0.05). NU: Normal Untreated. DU: Diabctic 
Untreated. NMEMSL: Normal MEMSL-treatcd. NMETF: 
Normal Metlormin-treated. DMEMSL: Diabctic MEMSL-
irealcd. DM ETI7: Diabetic MetIbrmin-treated DINSL: Diabctic 
Insulin-lrealcd 

diabetic insulin treated was significantly reduced {P 
< 0.05) compared to diabctic untreated (Fig.2). 

The superoxide disnuitasc (SOD) activities in 
RBCs of diabetic groups treated with MEMSL. 
metformin and insulin increased significantly (P < 0.05) 
when compared with diabetic untreated (Figure 3). Also, 
the glutathione peroxidase (GPx) activities in the RBCs 
of all diabetic treated groups increased significantly 
compared to diabetic untreated (figure 4). 
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Groups 

F i g . 3 : Ac t iv i ty of s u p e r o x i d e d i s m u t a s c ( S O D ) in t h e 
erythrocytes of normal and treated animals 
Values are mean ± SEM, n=6, 'compared with NU (P < 
0.05).'compared with DU (P < 0.05), 'compared with DMETF 
(P < 0.05). NU: Normal Untreated. DU: Diabetic Untreated. 
N M E M S L : N o r m a l M E M S L - t r c a t c d . N M E T F : N o r m a l 
Met fo rmin- t rca ted . D M E M S L : Diabet ic M E M S L - t r c a t c d . 
DMETF: Diabetic Met form in-treated. DINSL: Diabetic Insulin-
treated 

't 

/ S / f 
Fig. 4 : Act ivi ty of g lu t a th ione pe rox idase ( G P x ) in the 
erythrocytes of normal and treated animals 
Values are mean ± SEM. n-6, *compared with NU (P 
<0.05).1 compared with DU(P< 0.05),'compared with DMETF 
and DINSL (P < 0.05). NU: Normal Untreated. DU: Diabetic 
Untreated. N M E M S L : Normal MEMSL-t rea ted . N M E T F : 
Normal Met form in-treated. D M E M S L : Diabetic M E M S L -
treated. DMETF: Diabetic Met form in-treated. DINSL: Diabetic 
Insulin-treated » 

Histological observation of the pancrcatic tissues of 
d iabe t i c g roup t rea ted wi th M E M S L showed 
restoration of the cyto-architccturc and granulation 
of the islet cells (Plate 5) and this is comaprablc to 
normal (Plate I). 

11 istological observat ion 

* 

Plate 1 (Normal untreated) 
Prominent and well circumscribed islet cells (1) and well de-
fined exocrine acinar cells (A) 
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Plate 2 (Diabetic untreated) 
The secretory acinar cells arc present (A) necrotic islet cells 
(1) that appeared degenerated with lesion around the islet cells 
indicated with arrows 
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Plate 3 (Diabetic MEMSL-trcated) 
Shows normal architecture of the acinar cclls (A) and islet 
cclls (I) that are clearly defined and prominent with marked 
vascular congestion indicated with arrows 

I 11 f 
^ m, / 

• t 
Plate 4 (Diabctic Mctformin-trcatcd: Prcscncc of severe infil-
tration of connective tissue by inflammatory cells (indicated with 
box ). necrotic acinar cclls indicated with arrows and few 
normal islet cclls (I) 

Plate 5 (Diabetic insulin-treated): 
Normal acinar cclls (A) and islet cclls (1) with moderate vascu-
lar congestion and haemorrhage indicated with arrows 

Plates 1-5: Photomicrographs (x 400) of pancreas of normal 
and treated groupsA 
Staining: Hacmatoxylin and Eosin 
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Discussion 
Regula t ion of blood glucose level within 
physiological limit is important for survival of cclls 
while increased blood glucose level 
(hyperglycemia) can initiate dilTcrcnt physiological 
and biochemical disturbance that disrupt cellular 
ac t iv i t ies [2, 27] . It has been reported that 
hypcrglycacmia accelerates non-enzymatic glycation 
of proteins as well as production of free radicals [7, 
27]. Sacks [28] and American Association of Clinical 
Chemistry [29] reported that scrum fructosamine and 
H b A l c levels arc good indicators of protein 
glycation. Thcanti-diabctic activity of MEMSL and 
the increase in body weight observed in the extract 
treated group in this study agrees with earlier report 
of Adcwoyc and Igc [12], Elcazu and Okafor [30] 
and Kim et al. [31]. 

However, the stimulatory clTcct of insulin on 
body weight as observed in this study agrees with 
the report of Pinhciro et al. [32]. Metformin did not 
stimulate any weight gain in the diabctic group 
studied and this is supported by the report of Colay 
[33]. According to Sacks [28], effective reduction 
of blood glucose by 60mg/dL in diabetics will result 
in 75^tmol change in fructosamine and 2% change 
in HbAlc . The reduction in protein glycation 
observed in this study may well be the effect of the 
phytochcmicals present in the plant ex t rac t . 
Flavonoids, phenols, saponins and tannins present 
in the plant extract have been reported to possess 
anti-diabetic and anti-glycation activities [34-36]. 

Studies have also reported that metformin 
reduces protein glycation through deactivation of 
mcthylglyoxal to D-lactatc and/or direct inhibition 
of glycation process [37, 38] while insulin acts by 
reducing blood g lucose level and enhancing 
cndocytotic uptake of glycated products [39, 40]. It 
is also possible that the mechanism of reducing 
protein glycation by the extract is similar to that 
utilized by metformin and insulin. Diabetes induces 
generation of free radicals and could overwhelm the 
activities of antioxidant enzymes that protect against 
complications |7, 8, 10]. 

In this study the SOD and GPx activities were 
stimulated in the erythrocytes of diabetic extract 
treated group. This could possibly be that the 
phytochcmica ls scavenged the generated tree 
radicals thereby enhancing the activity of the 
an t ioxidant enzymes [41, 42). According to 
Memisogullari et al. [43] and Balajce and Dalian 
[44], metformin up-rcgulatcs the activities ol 
antioxidant enzymes in erythrocytes ol diabetic 
patients and rats. Similar result was observed in the 
diabctic metformin treated and diabetic insulin 
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treated groups which showed lip-regulation in the 8. 
activities of SOD and GPx in the erythrocytes. 

Evidence from animal model of diabetes 
indicated low glucose utilization and clearance due 
to necrosis of the islet cells [45 J which was reported 9. 
to a fleet the integrity of the islet cells and its 
functions in glucose homeostasis. Similar report was 
made in the histology of the pancreatic tissue where 
the integrity of the islet cells was distorted. However 
the pancreas of diabolic group treated with MEMSL 10. 
showed regeneration of islets and this was supported 
by Coskun et al. [46J and Adcycmi et al. [9] who 
reported that phytochcmical contents of plant extract 
cause proliferation and regeneration of islet cells in 
diabetic rats. 11. 

Conclusion 
The extract inhibited protein glycation, regenerated 
the islet cells and improved erythrocyte antioxidant 
status in diabetic rats. The present study revealed 12. 
that methanol extract of Musa sapientum leaves 
possesses the potentials that could be of great benefit 
in the management of diabetes and its complications. 

13. 
References 
1. Rondeau P. and Bourdon E. The glycation of 

albumin: s tructural and functional impacts. 
Biochcmic. 2010, 93(201l):645-658 14. 

2. Mosca I. F., Goodall I., HoshinoT., etal. Global 
s t a n d a r d i z a t i o n of g lyca ted hemoglobin 
measurement: the position of the I FCC Working 
Group. Clin Chcm Lab Med. 2007, 45(8): 1077-
1080. 15. 

3. Zclmanovitz T., Gcrchman F., Amcly P. S. et al. 
Review: diabetic nephropathy. Diabctology & 
Metabolic Syndrome. 2009,1(10): 1-17 

4. Rohilla A., Kumar R., Rohilla S. and Kushnoor, 16. 
A. Diabc t i c Re t i nopa thy : Or ig in and 
Complications. Euro. J. Exp. Bio. 2012, 2 17. 
(1 ):88-94 

5. Oycdcji S. O., Yakubu M. T. and Afolayan A. J. 
Antidiabetic activities of aqueous leaves extract 18. 
of Lconotislconurus in strcptozotocin induced 
diabctic rats. J Med Plant Res. 2011, 5: 119-125 19. 

6. Arun G. S. and Ramcsh K. G. Improvement of 
insulin sens i t i v i ty by pc r indopr i l 
i n spon tancous ly hype r t ens ive and 
strcptozotocin-induccd diabctic rats. Indian J. 
Pharmacol. 2002, 34: 156-164. 20. 

7. Rolo A.P. and Palmcira C.M. Diabetes and 
mitochondrial function: role of hypcrglycacmia 
and oxidative stress. Toxicol Appl Pharmacol. 
2006, 212:167-178. 

267 

Scalbcrt A., Manach C., Morand C., Rcmcsy C. 
and Jimenez L. Dietary polyphenols and the 
prevention of diseases. Cril Rev Food Sci Nutr. 
2005,45(4):287-306. 
Adcycmi, D. O., Komolafc O.A., AdcwoleO.S., 
et al. Histomorphological and morphometric 
studies of the pancreatic islet cells of diabctic 
rats treated with extracts of Annona muricata. 
Folia Morphol. 2010, 69 (2): 92-100 
Hisalkar P. J., Patnc A. B., Fawadc M. M. and 
Karnik A. C. Evaluation of plasma superoxide 
dismutasc and glutathione peroxidase in type 2 
diabctic patients. Biology and Medicine. 2012, 
4(20): 65-72 
Alii Smith Y. R., Adanlawo I. G. and Oni O. S. 
Hypoglycemic clTcct of saponin from the root 
of Garcina kola (Bitter Kola) on alloxan-induccd 
diabctic rats. J Drug Delivery and Therapeutics. 
2012, 2(6): 
Adcwoyc E.O. and Igc A.O. Antidiabetic property 
of methanol extract of Musa sapientum leaves in 
alloxan diabctic rats. Niger J Physiol Sci. 2013,28 
(1) . 
Pari L. and Umamahcswari J. Antihypcrglycaemic 
activity of Musa sapientum flowers: effect on lipid 
peroxidation in alloxan diabctic rats.Phytothcr. Res. 
2000,14,136-138. 
Adcwoyc E. O., Taiwo V. O. and Olayioye F. A. 
Anti-oxidant and anti-hypcrglycacmic activities 
of Musa sapientum root extracts in alloxan 
induced diabctic rats. Afr J Med Med Sci. 2009, 
38, 109-117. 
Prabha P., Karpagam T., Varalakshmi B. and 
Packiavathy A. S. C. Indigenous anti-ulcer 
activity of Musa sapientum on peptic ulcer. 
Pharmacognosy Res. 2011, 3, 232-238. 
Trcasc G. E. and Evans W. C. Pharmacognosy. 
15th Ed. Saunders. 2002, pp 214-393 
Sofowora, E. A.Medicinal plants and traditional 
medicine in Africa. 2nd Ed. Nigeria: spectrum 
book Ltd. 2003. pp.63-78. 
Khandclwal, K. R. Practical Pharmacognosy. 12,h 

Ed Punc: Niraliprakashan.2004, 149-160. 
Singleton V.L., Orthofcr R. and Lamucla-
Ravcntos R. M. Analysis of total phenols and 
other oxidation substrates and antioxidants by 
means of Folin-Ciocaltcu reagents. Methods 
Enzym. 1999, 299:152-178. 
National Institutes of Health, NII I. "Animals in 
Research", Public health Scrvicc Policy on 
Humane Care and Use of Laboratory Animals, 
Health Research Extension Act of 1985, Public 
Law 99-158, reprinted 2002. 



26S 
/.;() Adcwoyc 

21. Szkudelski, T. The m e c h a n i s m ° f a " d 

;.i Beta cclls ol tne rat 
streptozotocm ™t.on B

 5 ( ) : ^ ^ 
pancreas. Physiology Rcs* ~ . . . . w , 

22. Federiuk I. F. Casey H. 
M. D and Ward W. K. Induct ion o y p c - l 
Diabetes Mclliius in laboratory animals by use 
of alloxan: route of administrat ion, pi tfal ls , and 
insulin treatment. Comparative Medicine. 2004, 
54: 252-257 

23. Cohen R. M„ Holmes Y. R.. ChemierT. C. and 
Joiner C. U. Discordance between I IbA 1 c and 
fructosamine: evidence for a glycosylation gap 
and its relation to diabetic nephropathy. Diabetes 
Carc.2003, 26(1): 163-167 

24. Wooliam J. A., Wiener G., Anderson D. A. and 
McMurray C. H. Selenium concentration in the 
blood, wool and glutathione peroxidase activity 
in the blood of three breeds of sheep. Res Vet 
Sci. 1983,34(3): 365-366. 

25. Pippenger C. E., Browne R. W. and Armstrong 
D. Regulator}' antioxidant enzymes. Meth Molec 
Biol. 1998, 108:299-311 

26. Culling C.F.A. Handbook of histopathological 
and histochemical techniques, 3rd edi t ion, 
Butterworth and Co. 1974, pp 212, 248. 

27. Melpomeni P., Uribarri J. and Vlassara H. 
Glucose, Advanced glycation end products, and 
diabetes complications: What is new and what 
works. Clin Diabetes. 2003, 21(4): 186-187. 

28 .Sacks , D. B. Haemoglobin var ian t s and 
haemoglobin A l e analysis: Problem solved? 
Clinical Chemistry. 2003,49(8): 1245-1247 

29. American Association of Clinical Chemistry 
2011. Family: Fructosamine [online]. Available 
from http://www.aac.org/fructosamine. Assessed 
on 23/09/2013 

30. Eleazu C. O. and Oka for P. N. Antioxidant effect 
of unripe plantain (Musa pardisicacac) on oxidative 
stress in alloxan-induccd diabetic rabbits. Int. J. 
Med. and Biomcd. Res. 2012, 3: 232-241 

31. Kim II.Y.. Lee J.M.. Yokozawa T., et al. 
Protective activity of flavonoid and flavonoid 
glycosides against glucose-mediated protein 
damage. Food Chcm.2011, 126:892-895. 

32. Pinhciro L. S., Dutra de Mclo A., Andreazzi A. 
E.. et al. Protocol of Insulin Therapy for 
Strcplozotocin-Diabetic Rats Based on a Study 
of Food Ingestion and Glycaemic Variation. 
Scand. J. Lab. Anim. Sci. 2011, 38 (2): 117-127 

33. Colay A. Metformin and body weight. Int. J. 
Obesity. 2008, 32:61-72 

34. Lou II., Han X., and Shen T. Dietary Polyphenols 
and Their Biological Significance Int. J. Mol. 
Sci.2007, 8:950-988 

and H() A dele 

35. Palanisamy U., Ling L., Manaharan T and 
Appleton D. Rapid isolation of gcraniin from 
Nephclium lappaccum rind waste and its anti-
hyperg lyccmic activity. Food Chcm.2011 
127:21-27 

36. Wu J., Hsieh C. L., Wang H. Y. and Chen II. Y. 
Inhibitory effect of guava (Psidium guajava L.) 
leaf extracts and its active compounds on the 
glycation process of protein. Food Cheni. 2009, 
113:78-84. 

37. Beisswengcr P. J., Howell S. K., Touchettc, A.D. 
et al. M e t f o r m i n R e d u c e s Sys temic 
Methy lg lyoxa l leve ls in type 2 d iabetes . 
Diabetes. 1999, 48:198-202 

38. Defronzo R. A., Ratner R.E., I Ian J., et al. Effects 
of Exenatidc (Exendin-4) on glycaemic control 
and weight over 30 weeks in mctfomiin-trcated 
patients with type 2 diabetes. Diabetes Care. 
2005, 28:1092-1100. 

39. Sano I L, Higashi T., Matsumoto K., et al. Insulin 
enhances mac rophage s c a v e n g e r receptor 
mediated endocyto t ic up take of advanced 
glycated end products. J. Biol Chcm.1998, 
273(15):8630-8637 

40. Gerstein H. C., Miller M. E., Byington R. P. et 
al. Action to Control Cardiovascular Risk in 
Diabetes Study Group. Effec ts of Intensive 
glucose lowering in type 2 diabetes. N. Engl J. 
Med. 2008, 358:2545-2559. 

41. Postescu I. D„ Tatomir C., Chcrcches G.. et 
al. Spectroscopic characterization of some 
grape extracts with potential role in tumour 
growth inhibition. Journal of Optoelectronics 
and Advanced Materials, 2007, 9: 564-567. 

42. Mahmoud A. M., Ahmed O. M., Abdel-Moncim 
A and Ashour M. B. Upregulation of PPARa 
mediates the an t id iabe t ic c f f cc t s of citrus 
flavonoids in high fat diet fed-streptozotocin 
induced type 2 diabetic rats. Int. J. Bioassays, 
2013,2:756-761 

43. Mcmisogullari R.,Turkeli M., Bakan EandAk^ay 
F. Effect of Metformin or Gliciazidc on Lipid 
Peroxidation and Antioxidant Levels in Patients 
with Diabetes Mcllitus. Turk. J. Med. Sci: 2008, 
38(6): 545-548. 

44. Balajce R. and Dhana Rajan D. M. S. In vivo 
Evaluation of synthet ic compound and its 
derivatives for type II Diabetes Mcllitus (T,DM). 
IJAPBC. 2013,2(4): 623-629. 

45. Lcnzcn S. The mechanisms of alloxan and 
strcptozotocin-induced diabetes. Diabctologia; 
2008,51 (2): 216-226. 

http://www.aac.org/fructosamine

