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ABSTRACT

Phytochemical investigations of the aqueous etharmttract of Balanites aegyptiaca kernel (BE) edéal the
presence of 9 natural flavonol compounds which vigwkated and identified asisorhamnetin 3-rutinoside (1), 3-
robinobioside (2), 3-O-glucoside (3), 3-O-galactsi(4), 3,7-diglucoside (5), quercetin 3-glucosif®, 3-
rutinoside (7) beside two aglycones quercetin (8 sorhamnetin (9). Elucidation of their chemistductures was
determined by different spectroscopic methods whitexh to the chemical and physical methods of gsial This
extract was assessed for its biological activityatioxan diabetic rats. Oral administration of (B&) a dose of 50
mg/kg b. wt showed significant antihyperglycemia amtilipid peroxidative effects as well as incredsthe
activities of enzymatic antioxidants and levels rafn enzymatic antioxidants. We also noticed tha th
antihyperglycemic effect of plant drug (BE) was pamble to that of the reference drug glibenclamide
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INTRODUCTION

Diabetes mellitus is considered as one of thelfagling causes of death in the world [1]. In Eg¥jabetes affects
approximately 57 million people by the year 2028]2So it has been an increased interest in vari@ataral
products isolated from plants as a source of ati@tic compounds including polyphenolics especitidlyonoids
[4,5,6,7]. One among the promising plant is tBalanites aegyptiacdL.) del which belongs to the family
Balanitaceae. It is spiny shrub or tree up to I@ath widely distributed in dry land areas of Ai@and South Asia
[8,9]. Previous phytochemical studies proved thatléaves contained saponin, furanocoumarine amiibid
[10,11]. The mesocarp of its fruit contains proteingars, organic acids, other constituents likat®oside and 3-
rhamnogalactoside of isorhamnetin[12], diosgenB],[it also contain a mixture of 22R and 22S epBrar26-(O-
B-D-glucopyranosyl)-3-[4-O-(B-D-glucopyranosyl)-2-O«-L-rhamnopyranosyIB-D-lucopyranosyloxy]-22,26-
dihydroxyfurost-5-ene. Its kernel contained theopylranosyl derivative of above saponin present @saooarp [14]
while nine saponins have been reported from keraké ofB. aegyptiac415]. The leaves and fruit kernels Bf
aegyptiacal. were found to contain six diosgenin glucosidesuding di-, tri-, and tetraglucosides [16]. hark
contain furanocoumarin bergapten and dihydrofuran@rin D- marmesin [17, 18]. It also contains bstasterol,
bergapten, marmesin, and beta-sitosterol glucddi@l0,21,22,23] balanitin-1,-2, and -3; balanitifer example
possesses a yamogenin aglycone with a branchedsgliand rhamnose side chain [2dmost all the parts oB.
aegyptiaceplant are traditionally used in several folk medés. It has potent wound-healing activity and gqmss
potent antioxidant activity by inhibiting lipid pxidation, bleaching DPPH (2,2-diphenyl-1-picrylnggyl) radical,
and protecting against oxidant injury to fibroblaslls [25]. The aqueous extract @&. aegyptiacaalso has
molluscicidal agent to juvenile and adBltlinus globosusindBulinus truncate§26]. Seed is used as expectorant,
antibacterial, antifungal, febrifuge [27] and azalfve, treatment of hemorrhoid, stomach achesdme, yellow
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fever, syphilis, and epilepsy [28]. It also usedaathelmintic and purgative. The seed oil is ugettéat tumors and
wounds [29]. The plant acts as antioxidant [88H the Balanitin-7 which isolated from aqueousasttof B.
aegyptiacaseed is reported as anthelmintic agent [31]. IypEgn folk medicine, water extrabtlanite fruit have
been reported as hypoglycemic [32,33]. It also riggbthat it inhibitEscherichia coligrowth in rats [34], it have
antidiabetic effect in streptozotocin-induced ditabenice[35]. The fruits are used as an oral hypoglycen@itghd
an antidiabetic; an aqueous extract of the fruismearp is used in Sudanese folk medicine in thatrirent of
jaundice [37pnd in food preparations and herbal medicine, éslhe Africa and some developing Countries [38]
it used as tooth brush [39] and treat dysenterycamdtipation. Fruit is used in whooping coughpatsleucoderma
and other skin diseases, A fruit is used to tiigat disease and as a purgative, and sucked lyoschildren as a
confectionary in some countries [40,41 is reported that whole and extracted pul@ofegyptiacdruits reported
a hypocholesterolemic effect when tested on adblha rats [42]. Bark is used as spasmolytic [48f an the
treatment of syphilis, round worm infections, arsdaafish poison. The aqueous leaf extract and siapdsolated
from its kernel cakes have antibacterial acti{##,45]. It is reported that bark aqueous extrdcBoaegyptiaca
used in treatment of both AIDS and Leukemia. Al adaministration of the aqueous extract (30% wilkeg at 100
ml every 8 hours for 30 days) for the treatmentitf patients have shown excellent results. The saa®given to
patients with leukemia and a good increase in lgtt@nd a normal blood differential reading afiee month was
noted [46] . The acetone and methanolic extractterh bark of plant has reported an antivenin #gtj47] . The
ethanol and petroleum ether extracts showed aggraati-inflammatory and analgesic effects compegawith the
standard drugs, indomethacin and diclofenac sodiespectively. It also indicated that the ethanehtract ofB.
aegyptiacaexhibited more significant activity than petrolewther in the treatment of pain and inflammatio8][4
Root extracts have proved ‘slightly effective’ agstiexperimental malarfd9,50] In Kenya, a root infusion is used
as an emeti51]. The ethanol and methanolic extract of leasfeB. aegyptiacaas diuretic effect [52]. Its aqueous
and organic extracts were reported to have anBbatteffect againsSalmonella typhisolated from blood clot
culture using the disc diffusion meth{fB]. The present study has been designed to esdtet natural flavanoid
compounds and evaluate the antihyperglycemic effedtthe aqueous ethanolic kernel extractBaflanites
aegyptiacaBE) in streptozotocin induced diabetic rats.

EXPERIMENTAL SECTION

Plant material: Seeds oBalanites aegyptiacavere collected from the tree growing at Giza ZodEmypt and it
were botanically authenticated and deposited irDibygartment of hormones, National Research Ce@Gaio.

General methods:

'H (500 MHz) and™C (125 MHz) NMR: Jeol spectrometer (Kyoto, Japam)DMSO-@; UV: Shimadzu
spectrophotometer model UV-240 (Kyoto, Japan); &oige 6S (Riedel, De Haen), Cellulose (Merck) and
Sephadex LH-20 (Pharmacia); paper chromatograp@y. (Whatman No. 1 and preparative (PPC) on 3 Migepa
using the following solvent systems: (1) BAW (n-Bd@cOH/H,0, 6:1:2); (2) HO; (3) 15 % AcOH (AcOH/KO,
15:85), (4) 6% AcOH (AcOH/KD, 06:94) and (5) Forestal (AcOH/ Conc. HCHQH 30:3:10), NADH (nicotine
amide adenine dinucleotide), NADHP [nicotine anmédienine dinucleotide phosphate (Reduced)].

Extraction and isolation:

500 g ofBalanites aegyptiacaeeds kernel were dried, powdered and then soak&800 ml of 95% ethanol over
night. After filtration, the residue obtained wagam resuspended in equal volume of 95% ethano#&8hrs and
filtered again. The above two filtrates were mixedl the solvent was evaporated in a rotavapoud-&C under
reduced pressure. A light greenish yellow matesiahined was stored at 8@ until used. A known volume of the
residual extract is suspended in distilled watat aas orally administered to the animals duringdRperimental
period. The TDPC of the extract using the sahwystems (1) and (3), respectively, revealed thegnce of many
components of polyphenolic nature. The concentratthnolic extract (113 g) was chromatographed on a
polyamide column; elution being performed with wakallowed by water-ethanol mixtures to give siadtions
which were further purified on subcolumns of SeghatdH-20 and/or PPC to give rise to 9 pure compsuiidhe
two Compoundgl, 70 mg and(2, 88 mg)) were isolated from fractidn(eluted with HO) and fraction | (eluted
with 20% EtOH), respectively, and purified usingpBadex LH-20 column using EtOH8 (decreasing polarity)
for elution. Applying the third fraction (40% EtOH)n Sephadex LH-20 column and eluted by 50% ethamol
obtain the two pure natural compoun8s38 mg;4, 47mg). From the fourth fraction (60% EtOH), comapds 6,

40 mg ands, 37 mg) were separated in a pure form by PPC u#8g EtOH as eluent. The compouh@62mg),
was separated from fraction 5 and purified on PBi@dguthe solvent system BAW for elution. Finallpettwo
aglycones8 (50 mg),9 (41 mg) were obtained from fractidfl using ethanol as eluent and purified on a cellulose
column eluted with ethanol. Their chemical struethave been established by conventional methodsearhical
and physical analysis and confirmed'blyand**C NMR spectroscopy.
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Drugs and chemicals:-
Streptozotocin was purchased from Sigma Aldrichr@ibels, Cairo.

Experimental animals:-

Albino wistar male rats weighing 120-150g were used the present study. The animals were obtaimech f
Central animal house, National Research Centrea & were maintained in the central animal housie 12 h
light and 12 h dark cycles. Standard pellets weseduas a basal diet during the experiment. Theraoahd
experimental animals were provided food and drigkiraterad libitum

Induction of diabetes mellitus:

Diabetes mellitus was induced in wistar rats byglsinintraperitoneal injection of streptozotocin if&fkg)
dissolved in 0.1M-citrate buffer (pH 4.5) after ovight fasting for 12 H54]. The diabetes was assessed by
determining the blood glucose concentration witihhours after injection of streptozotocin. Thes raith blood
glucose level above 400 mg/dl were selected foexperimental studies.

Experimental design:

In the experiment a total number of 24 rats (1®elie rats, 6 normal rats) were used. The rats wdisided into 4
groups of six each.

Group I: Control rats

Group II: Diabetic control (streptozotocin 50mghkgwt)

Group llI: Diabetic rats orally receiving (BE) (50g/kg b. wt)

Group IV: Diabetic rats orally receiving glibenclata (600 ng/kg b. wt)

After the experimental period, all animals wererd@ed by cervical dislocation and biochemical dits were
conducted on blood, plasma, erythrocytes, erytheooyembranes and liver of control and experimeaahals in
each group.

Biochemical studies:-

According to Eskandeet al the blood glucose level was determ[B&] using o-toluidine reagent. Hexokinase
activity was assayed according to Brandstetial method[56]. The method is based on the phosphorylation of
glucose by the enzyme hexokinase (tissue homogeaadethe residual glucose in the supernatant weesmined

by the method of Sasakt al[55]. Glucose-6-phosphatase was assayed accomlitige tmethod of Koida and Oda
[57]. The method is based on the estimation ofganic phosphorus liberated from the glucose-6-phatgppresent

in the incubation mixture (glucose-6-phosphatesugshomogenate and malic acid buffer). The libdraterganic
phosphorus was estimated by the method of Fiske Quigtharow[58]. TBARS (thiobarbituric acid reactive
substances) in plasma was assayed by the methaof59]. Plasma was deproteinised with 10% phosyigstic
acid and the precipitate was treated with thiokiarlzi acid at 90°C for 1 hour. After cooling, 5.0 of n-butanol
was added and the mixture was shaken vigoroushcanttifuged at 1000g for 15 minutes. The pink oolimrmed
gives a measure of TBARS which its presence inheogtytes and erythrocyte membranes were assayeddaug

to the method of Donnan [60]. The erythrocytes anghrocyte membranes were deproteinized with 10CA T
(trichloroacetic acid) and then treated with TBAigbarbituric acid). The above mixture was heatea iboiling
water bath for 15 minutes. It was cooled at roomgerature and pink color that developed was medsair835nm.
The activity of glutathione peroxidase was estimatecording to the method of Rotruek al[61]. The enzyme
preparation was allowed to react with@d in the presence of reduced glutathione for a fipdciime period, and
then the remaining reduced glutathione content agaayed by the method of Beutler and KeJ6]. Superoxide
dismutase (SOD) activity was assayed by the metiid¢hkkaret al[63]. The assay of superoxide dismutase was
based on the inhibition of formation of NADH-pheirtez methosulphate nitroblue tetrazolium formazame Tolour
formed at the end of the reaction wadracted into butanol layer and measured at 52@eatalase activity was
assayed using the method of Sinha [64]. The meithddsed on the utilization of,8, by the enzyme. The color
developed was read at 620nm. Reduced glutathiosenvesmsured according to the method of Beutler agiteK
[62]. The technique involved in protein precipitatiby m- phosphoric acid and spectrophotometric assay 2

of the yellow derivative obtained by the reactidnsopernatant with 5, 5’-dithio-bis-2-nitrobenzaicid (DTNB).
Vitamin E was estimated by the method of Desai [6&$ed on the classical Emmerie Engle reaction. lipia
residue obtained using redistilled ethanol andgbetim ether was redissolved in absolute ethanothiBosolution,
ferric chloride, orthophosphoric acid and bathogmhroline reagents were added. Vitamin E presette lipid
residue reduces ferric ion to ferrous ions and form pink colored complex with bathophenanthroline
orthophosphoric acid. Absorption due to the pinknptex was measured at 536nm. Ascorbic acid leved wa
estimated by the method of Omagteal[66]. Copper to form dehydroascorbic acid and digkitaric acid oxidizes
ascorbic acid. These products when treated withdinitrophenylhydrazine (DNPH) form the derivatvhkis-2,4-
dinitrophenylhydrazone which undergoes rearrangémosiorm a product with an absorption maximum 20@&m.
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Statistical analysis
The data are expressed as mean + SE. Statistiogpartsons were performed by one-way analysis ofaxae,
followed by Student’s-test. The results were considered statisticatipificant if theP values were 0.05 or less.

RESULTSAND DISCUSSION

Diabetes have been treated with several medicinatpfor a long time, whereby the medicinal plexiracts were
found to improve the diabetic control and meanwhéiduce associated side effects than the syntbeds [67,68] .
Therefore, the search for more effective and safiéidiabetic agents has become an area of acteareh.

Flavonoids are well-known for their multi-directiain biological activities including anti-diabetic fiehcy
[69,70,71,72].

Phytochemical investigation of the ethanolic extraicBalanites aegyptiacaising column and preparative paper
chromatography resulted in 9 compounds: isorhamrgtutinoside (1), 3-robinobioside (2),Bglucoside (3), 3-
O-galactoside (4), 3,7-diglucoside (5), quercetigldzoside (6), 3-rutinoside (7) beside two aglysgaercetin (8)
and isorhamnetin (9). Figure 1. The structure afséh compounds was determined by their chromatoigraph
behaviors as well as spectroscopic analysis whetempoundsZ), (5) and ) were isolated from the fruits kernel
for the first time. Thus, their spectral data igressented as follow:

Isorhamnetin 3-robinobioside (2) UVirfax, nm) MeOH: 255, 268sh, 302sh, 358; +NaOMe: 2227, 416 +
NaOAc: 272, 318, 388; +NaOAc#BO;: 257, 268sh, 308sh, 361; + AKCPR68, 299 sh, 365, 407; + HCI : 268,
298sh, 358, 402H-NMR (500 MHz, DMSO): 8.08 (d,J = 2.5 Hz, H-2'), 7.55(dd]=8.5, 2.5 Hz, H6"), 6.83 (d,

= 8.5 Hz, H-5%), 6.55 (dJ= 2.5 Hz, H-8), 6.25 (dJ]=2.5 Hz, H-6), 3.73 (s, OMe-3"),

sugar moietys: 5.59 (d,J = 7.5 Hz, H-1"" of glucose), 4.4 (d, J = 2.5 Hz1H of rhamnose), 0.98 (d, J = 6 Hz,
rhamnose methyl proton§C-NMR (DMSO-d): aglycone moiety: (ppm) 156.4 (C—2); 133.3 (C80.3 (C-5);
98.5 (C-6); 163.4 (C-7); 93.5 (C-8); 157.3 (C-M411 (C-10); 120.4 (C-1"); 114.0 (C-2'); 149.1 (T:-347.4 (C-4Y;
114.9 (C-5"; 122.4 (C-6'); Sugar moieties: (pd@}1.7 (C-1"); 71.3 (C-2"); 68.4 (C-3"); 68.0 40; 73.7 (C-5");
65.8 (C-6"); 100.3 (C-1"); 68.2 (C-2"); 70@B-8"); 72.0 (C-4"); 68.3 (C-5"); 18.1 (C¥%"

Isorhamnetin 3,7-diglucoside (5)

UV (Amax, nm) MeOH: 254, 267sh, 370; +NaOMe: 274, 32485+ NaOAc: 271, 325, 395; +NaOAGHBD::
256, 273sh, 375; + AIGI 264, 300 sh, 365sh, 430; + HCI : 266, 271sh, B02§8, 427 H-NMR (500 MHz,
DMSO)é: 7.66 (d,J = 2.5 Hz, H-2"), 7.85(dd]=8.5, 2.5 Hz, H6"), 6.96 (d,= 8.5 Hz, H-5°), 6.78 (d]= 2.5 Hz, H-
8), 6.45 (dJ = 2.5 Hz, H-6), 3.6 (s, OMe-3"), sugar moiaty5.52 (d,J = 7.5 Hz, H-1"" of glucose at position 3),
5.3 (d, J = 7.5 Hz, H-1"" of sec glucose at posifiy, °C NMR (DMSO, 125 MHz): 157.1 (C-2), 133.3 (C-3),
177.6 (C-4), 160.7 (C-5), 98.7 (C-6), 161.80 (C94,5 (C-8), 155.9 (C-9), 105.4 (C-10), 121.8 (£-113.9 (C-2Y,
149.60 (C-3", 149.50 (C-4", 115.1 (C-5", 1222€(), 101.3 (C-1"), 74.3 (C-2"), 76.60 (C-37Rp.2 (C-4"), 77.3
(C-5"), 61.0 (C-6"), 100.3 (C-1"), 73.4 (C)276.7 (C-3"), 70.0 (C-4™), 77.2 (C-5"), B1C-6").

Quercetin 3-rutinoside (7) UVihax, nm) MeOH: 268, 267sh, 298sh, 361; +NaOMe: 323,415; + NaOAc:
272, 325, 390; +NaOAcABO;: 261, 297, 385; + AIGI 272, 303sh, 432; + HCI : 270, 298sh, 364sh, 40AMR
(500 MHz, DMSO) 7.6 (dd, J = 2.0, 8.0 Hz, H6),7.6 (d, J = 2.0 Hz, H-2"), 6.80 (d, J = 8.0 H#5"), 6.42 (d, J =
2.5 Hz, H-8), 6.22 (d, J = 2.0 Hz, H-6), 5.83 (¢ J.5 Hz, H-1"), 4.4 (d, J = 2.0 Hz, H-1"),8® (m, rutinose
protons); 0.98 (d, J = 6 Hz, Gléf rhamnosyl )*C NMR (DMSO, 125 MHz): 158.1 (C-2), 134.2 (C-3), 177.63
(C-4), 161.7 (C-5), 100.1 (C-6), 164.80 (C-7), 9608), 156.59 (C-9), 105.3 (C-10), 122.0 (C-13553 (C-2),
145.10 (C-3'), 148.47 (C-4"), 116.30 (C-5'), 122(206"), 101.72 (C-1"), 74.93 (C-2"), 76.40 (§;3F0.62 (C-4"),
75.372 (C-5"), 66.73 (C-6"), 100.5 (C-1"), ®(&-2"), 70.7 (C-3™), 72.0 (C-4"), 68.09 §C), 17.35 (C-6").

Antihyper glycemic activity:-

Ethanolic extract oBalanites aegyptiachas antihyperglycemic activity whereby, Table tvgh the level of blood
glucose in control and experimental animals in egrclup. The level of blood glucose was significgirticreased in
streptozotocin alone treated rats (Group 1l) aspamed to control animals (Group ). However, theeleof blood

glucose was returned to near normal concentratiod®betic rats treated with Balanites ethanol glifsenclamide.
“BE” showed comparable effect to that of glibencide
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Table 1 Blood Glucose level in control and experimental animalsin each group

Groups Blood Glucose (mg/dl)
Control 66.3+2.1
Diabetic control 267+2.7a
Diabetic + alc BE (300 mg/kg bw) 102 £8.5ab

Diabetic + glibenclamide (600 ng/kg bw) 110.0+ 7.2 abc
Values are given as mean +SD (n= 6 rats).
a- significantly different from control animals ap001
b- significantly different from diabetic control ¥p.001
c-as compared to diabetic +alc BE treated rats gp-significant

Table 2:

Indicates the activities of hexokinase and glug®gdrosphatase in the liver of control and experialeginimals in
each group. A significant decrease in hexokinagkiacrease in glucose-6-phosphatase activities wetieed in
the liver of diabetic animals as compared to cdranimals.

Oral administration of “BE” to diabetic animals ext’back the enzyme activities to near normal comagons.

Groups Hexokinase Glucose-6-phosphatase
(U*/mg protein) (U ** / mg protein)
Normal 0.27 £0.03 2.14 £ 0.03
Diabetic control 0.12 £ 0.02a 277+02a
Diabetic + alc BE(300mg/kg bw) 0.14 +0.06 b 3.2.4a%
Diabetic+glibenclamide(600ng/kg bw)  0.14 + 1.0 a*hc 3.4 + 2.1ab*c

Values are given as mean £SD (n= 6 rats)
a-significantly different from control animals ap€01, a*p<0.01,a*p<0.05
b-significantly different from diabetic control bp<001
c-significantly different from diabetic +alc “BE'treated rats cp<0.01, *cp<0.05
U*- Micromoles of glucose phosporylated/ h
U** - Micromoles Pi liberated/min

Table 3:

Table 3 shows the level of plasma, erythrocytes emythrocyte membranes TBARS in control and expenital
animals in each group. The levels of TBARS weraificantly increased in diabetic animals as comgadcecontrol
animals. The levels of TBARS were significantly uedd in diabetic animals treated with “BE”.

Levels of TBARS in plasma, erythrocytes and erythite membranes of control and experimental aninmaéach
group

Erythrocyte

Plasma Erythrocytes

Groups (nmol/ml) membranes. (nn%ol/mg)lH b)
(nmol/mg protein)

Normal 1.6+0.18 0.35+0.04 0.65 +0. 08

Diabetic control 2.8 +0.21a 0.84 £ 0.07a 0.99676.

Diabetic + alc BE (300mg/kgbw) 2.7 +1.1a*h 0.5P.85ab 0.79+0.05b

Diabetic+ glibenclamide (600ng/kg bw) 2.8 £ 0.24@h 0.66 + 0.03ab*c 0.84 £ 0. 06 a*p

Values are given as mean £SD (n=6rats) (69(kg bw)
a- significantly different from control animals ap<01, a*p<0.01, a*p<0.05
b-significantly different from diabetic control bp<001
c-significantly different from diabetic +alc “BEtreated rats *cp<0.05

Tables4 & 5:

It shows the levels of non-enzymatic antioxidaatsd activities of enzymatic antioxidants in plasmad
erythrocytes, respectively, in control and experitak animals in each group. The levels of non-eratign
antioxidants and activities of enzymatic antioxiawere decreased in diabetic animals as comparewritrol
animals. However, oral administration of “BE” atdase of 50mg/kg bw revert back the levels of nonyeratic
antioxidants and activities of enzymatic antioxitao near normal range in diabetic animals.

132



Nabila Helmy Shafik et al J. Chem. Pharm. Res,, 2016, 8(3):128-136

Table 4: Enzymatic antioxidants and non- enzymatic antioxidantsin the plasma of control and experimental animalsin each group

Groups GSHPx Vitamin C Vitamin E Reduced Glutathione
(U (mg/dl) (mg/dl) (mg/dl)
Control 122.6£11.5 2.1+0.10 1.42+0.07 27.4+2.3
Diabetic control 96.5 +10.8 a| 1.240.073 0.85+(06 16.5+1.8 a
Diabetic + alc BE (300 mg/kg bw) 128.3+ 8.5 atb .38.08 a*b 1.22+0.07 ab 22.4+2.1b
Diabetic +glibenclamide (600 mg/kg bw) 121.4+7.9cab 1.65+0.09 ab| 1.00+0.05 ab*c 21.3+15b

Values are given mean =SD (n=6 rats)
U*Micromoles of glutathione utilized / min
a-significantly different from control animals ap€01, a*p<0.05
b-significantly different from diabetic control bp<001
c-significantly different from diabetic +alc “BEtreated rats*cp<0.05

Table5: Enzymatic antioxidants and non- enzymatic antioxidantsin erythrocytes and erythrocyte membranes of control and
experimental animalsin each group

Vitamin E in
soD Catalase GSHPx erythrocyte Reduced
Groups (UaimgHb) | (Ub/mgHb) | (UcgHb) ”;f’&“t‘:tﬁg? gwagt/':j'l‘;“
(ng/mg protein
Control 5.52 +0.42 123.5+12.8 12.940.22 1.0790.0 32.5+1.3
Diabetic control 3.59 +0.29a 77.17+7.8a 6.2411a0 0.71+0.06 a 22.3t1.9a
Diabetic + alc BE 4.85+0. 32a*b 104.21+10.4b 9.98a*b 0.85+0.06 a*b 30.1+2.3 a*h
Diabetic+glibenclamide(600ng/kg bw| 4.55 +0.41a*p95.22+9.7a*hc| 8.7+ 0.72a*hg 0.79+0.04 abc 26.2+#F

Values are given mean =SD (n=6 rats)
a-significantly different from control animals ap€01, a*p<0.01, a*p<0.05
b-significantly different from diabetic control bp<001
c-as compared to diabetic +alc BE treated rats gp-significant
Ua- The amount of enzyme required to inhibit 5098 N&luction,
Ub- Micromoles of KO, utilized/ min,
Uc- Micromoles of glutathione utilized / min

DISCUSSION

Diabetes mellitus is a life threatening metabolisodder and it is estimated that its annual inctdenate will
continue to increase in the future worldwide. Hgbgremia, the primary clinical manifestation of lokes mellitus,
is associated with the development of micro andrmaescular diabetic complicatiofig3]. In the present study,
TBARS levels were significantly increased and axtlants were decreased indiabetic rats. Reactiygaxspecies
induced oxidative damage has been implicated irpHieogenesis of several disorders including debetellitus
[74]. Streptozotocin damages pancreatic b—cellsiplysby generating excess reactive oxygen speeied, thus
widely used for the induction of experimental digsemellitus. Streptozotocin generated lipid petakbn and
DNA breaks in pancreatic islet cells have been detiated75]. Prakasanet al[76] have reported an elevated
lipid peroxidation and lowered antioxidants in ptezotocin induced diabetes mellitus. Measuremérmilasma
TBARS help to assess the extent of tissue darf¥ajeElevated plasma TBARS observed in the diabetts can
therefore be related to overproduction of lipid gpadation byproducts and diffusion from damaged goeatic
tissues. The major thological consequence offadéeal induced membrane lipid peroxidation inésidncreased
membrane rigidity, decreased cellular deformabhiligduced erythrocyte survival, and lipid fluidi#g8]. Huntet al
[79] reported that glucose oxidation in the pregeattransition metals result in excessive genenatiof reactive
oxygen species, which in turn affect biomembramacstire and function by mediating lipid peroxidatiprocess.
Enhanced TBARS and declined antioxidants obsemeld erythrocytes of diabetic rats can thereferatributed
to increased biomembrane lipid peroxidation proaass thereby contributing to alterations in antiaxits status.
Vitamin E is one of the most important free radisaiivenging chain-breaking antioxidant within bionbeane
[80]. Reduced glutathione, a major endogenous %dant, plays a crucial role in the antioxidant etefe [81].
Vitamin C, a major extra cellular non-enzymaticiaxitlant, has crucial role in scavenging severattige oxygen
species. Enzymatic antioxidants (SOD, CAT (catalaseyme), GSHPx (glutathione peroxidase defense
mechanism)), form the first line of antioxidant eleée mechanism to protect the organism from ROSatesd
oxidative damage [82]. Several studies have dematest lowered non-enzymatic antioxidant levels angdymatic
antioxidant activities in streptozotocin inducedalmbtic rats[83,84]. Our results lend credibility to these
observations. In the present study, orally adménést “BE” to diabetic rats at dose of 300 mg/kg fow45 days
showed significant antihyperglycemic and antiligidroxidative effects as well as improved antioxiddefense
mechanism. The antihyperglycemic activity of “BES probably due to stimulation of insulin secretifsam
remnant pancreatif-cells, which in turn enhance glucose utilization eripheral tissues of diabetic rats. The
observed increase in hexokinase activity and deergaglucose-6-phosphatase activity in diabetis treated with
“BE” suggest its stimulatory effects on glycolysisd inhibitory action on gluconeogenesis in diabetellitus. The
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observed increase in antioxidant status and deslifdBARS concentration in “BE” treated diabeticsauggests
its potent antilipid peroxidative and antioxidatiefects. Furthermore the plant drug was foundaas effective as
that of the reference drug glibenclamide.

Figure 1. The structure of the Compoundswhich areisolated from Balanites aegyptiaca

oo

(T P=glucoside

{1y BE=H, E; =mitnose (glicose —rthamnose) (2) B= mitinoside {ghicose —rhamnose)
{2y E=H.E;= 3robinoze {09kE=H

(3) E=H, R;=glucose (IR =R;=H

(4) E=H,R;=galactoze

(3y BE;=E glicose

(6) E=H, Rj=3thamnogalactoside
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