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Abstract

Extracts from various morphological parts AAnona muricataLinn. (Annonaceae) are widely used
medicinally in many parts of the world for the mgement, control and/or treatment of a plethora wihan
ailments, including diabetes mellitus (DM). The gt study was undertaken to investigate the plesgibtective
effects of A. muricataleaf aqueous extract (AME) in rat experimentalapgggms of DM. The animals used were
broadly divided into four (A, B, C and D) experimahgroups. Group A rats served as ‘control’ ansnahd
received distilled water in quantities equivalemttie administered volumes of AME and referencgslrgolutions
intraperitoneally. Diabetes mellitus was induced @moups B and C rats by intraperitoneal injectioofs
streptozotocin (STZ, 70 mg Ry Group C rats were additionally treated with ANIDO mg kg day’, p.o.) as from
day 3 post STZ injection, for four consecutive waeeBroup D rats received AME (100 mg’kday* p.o.) only for
four weeks. Post-euthanization, hepatic tissue® w&cised and processed biochemically for antaoxigenzymes
and lipid profiles, such as catalase (CAT), reactixygen species (ROS), glutathione (GSH), supdeogtismutase
(SOD), glutathione peroxidase (GSH-Px), thiobarixitacid reactive substances (TBARS), triglyceridfE&), total
cholesterol (TC), high density lipoprotein (HDL) datow density lipoprotein (LDL), respectively. Ttezent of
Groups B and C rats with STZ (70 mg’g p.) resulted in hyperglycaemia, hypoinsulinagmand increased
TBARS, ROS, TC, TG and LDL levels. STZ treatmergoatignificantly decreased (p<0.05) CAT, GSH, SOD,
GSH-Px activities, and HDL levels. AME-treated GpsuC and D rats showed significant decrease (pxQrD5
elevated blood glucose, ROS, TBARS, TC, TG and LBurthermore, AME treatment significantly increased
(p<0.05) antioxidant enzymes’ activities, as wsllsarum insulin levels. The findings of this laliorg animal study
suggest thafA. muricataextract has a protective, beneficial effect onatieptissues subjected to STZ-induced
oxidative stress, possibly by decreasing lipid giglation and indirectly enhancing production of ulis and
endogenous antioxidants.
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Introduction

Diabetes mellitus (DM) is one of the commonest enide and metabolic disorders of the'2&ntury, and
a major threat to healthcare worldwide. Numeroupegrmental and clinical observations have indicatieat
hyperglycaemia may directly or indirectly contributo excessive formation of free radicals (CerieR603).
Diabetes is also known to involve oxidative strasd changes in lipid metabolism (Scoppola et a)120The liver
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is the main effector organ for maintaining plasrhegse levels within narrow limits. Herrman et @999) reported
that streptozotocin (STZ) progressively decreadesl tolume of hepatocytes and their nuclei, as altresf
cytoplasmic changes, and that a basal insulin levellso necessary to maintain the state of agtjcegaf the
endoplasmic reticulum-bound polysomes for secrepoogein synthesis. In insulin-deficient animalssd of rough
endoplasmic reticulum reduces amino acid incorpmmainto protein, and a decrease in rough endoptasm
reticulum-bound ribosomes (Lenk et al; 1992). A¢ dame time, hyperglycaemia can generate a redoalamce
inside the cells, especially in the liver (Gallduag 1993). An ideal antidiabetic drug should,réfere, possess both
hypoglycaemic and antioxidant properties, withaut adverse effect.

Increase in free radical-mediated toxicity is wdbcumented in STZ-treated diabetic rats. Increased
formation of free radicals in diabetes mellitus ¢e@na risk factor for the disease, and it occura assult of two
processes: (i) decreased activity of the body aitémt systems, and (ii) auto-oxidation of reduciagcharides and
formation of adducts with proteins. Antioxidant éés in the blood and tissues are important fadtorsensitivity of
individual tissues to oxidative stress (Durackal@99). Antioxidants have been classified accordmtheir mode
of action, and Bonnefont-Rousselot et al., (200Gjeentiated them into three main groups, namelyi)
antioxidants that prevent the formation of new teac oxygen species (ROS) such as caeruloplasmin,
metallothioniene, albumin, myoglobin, ferritin atrensferrin, (i) scavenging antioxidants which mm ROS once
formed, thus preventing radical chain reactionkes¢ include reduced glutathione (GSH), vitaminigmin C,a-
carotene, uric acid and bilirubin, and (iii) enzymetioxidants that function by catalyzing the oxida of other
molecules. This group includes superoxide dismut&@D) that produces hydrogen peroxide from supdeox
radicals, glutathione reductase (GSH-R), glutathiperoxidase (GSH-Px) and catalase (CAT) which mgose
hydrogen peroxide. Type 2 diabetes mellitus (T2DM}p been associated with an increased risk forloj@ng
premature atherosclerosis due to increase in tagiges and low-density lipoprotein levels, andrdase in high-
density lipoprotein levels.

Annona muricataLinn. (Annonaceae) is commonly known as ‘Soursop’Graviola’. Because of the
‘custard-like texture’ of its edible fruit\nnona muricatéhas been grouped with the ‘Custard-Apple’ plaritthe
Annonaceae family. It is a deciduous, terresteatct tree of 5-8 metres in height, with an opeandish canopy.
Although a native of AmericaAnnona muricatahas now naturalized and become established in nrapjcal
countries of the world. The plant has been usedgimadly in many tropical African countries for amray of human
ailments, especially for parasitic infections araheer. It has also been used in some African hertzdicine
systems for its sedative and antispasmodic praserth tropical Africa, including Nigeria, the ptais generally
used as antiparasitic, antispasmodic, astringetigancer, sedative, hypotensive, insecticide,igide, vermifuge,
and for coughs, fevers, pain and skin diseasest(&iat Breyer-Brandwijk, 1962). The stem-bark andtsof the
plant are commonly used as remedies for diarrhdgsentery and intestinal worms (Watt and BreyemBreijk,
1962). The fruit pulp of the plant is also usedrgating fevers. The unripe fruit of the plant &rengent, and is used
in the treatment of intestinal atony and for scufWatt and Breyer-Brandwijk, 1962). In India, tr@ot-bark and
leaf of the plant are used as anthelmintic andphhagistic agents, while its flowers and fruit poai®e used as
remedies for catarrh (Watt and Breyer-Brandwijk6 20

Several chemical compounds have been isolated frarious morphological parts (roots, stem-barks,
leaves, fruits, and seeds)Afinona muricata.inn. Some of the reported phytochemicals isolaed characterized
from various parts of the plant include: annonaseauoetogenins, lactones and isoquinoline alkaldiaisnins,
coumarins, procyanidins, flavonoids, pentacyclipémoid saponins; p-coumaric acid, stearic acidristiy acid,
stepharine, reticuline, ellagic acid; phytoster@sitosterol, stigmasterol), sugars, alcohols, aldeh, organic and
inorganic acids, metals, inorganic salts, vitamBisand C; stepharine, reticuline, gamma-amino baotwacid
(GABA); annonacin, annocatalin, annomonicin, annpait, annomuricatin, corossolone, epomuricenin,
gigantetrocin, javoricin, muricine, muricinine, neapentocin, muricoreacin, montanacin, montecrjstiuracin,
muricatalin, muricin, murisolin, robustocin, solamand so on (Watt and Breyer-Brandwijk, 1962; TDRG02).

There are several reasons why medicinal plantsIdhbe subjected to scientific scrutiny. First and
foremost, many herbal remedies have recognizalepeutic effects (Bailey and Day 1989); but thegyralso
have toxic side-effect (Keen et al; 1994). Receritigre has been a renewed interest in the uskf products as
antidiabetic agents. The antidiabetic effects ohynaditional herbal drugs (phytomedicines) mayaseribed to
their flavonoid and other chemical constituents aihimay also inhibit certain enzymes and possesexidnt
activities. A. muricatahas a long history of usage in herbal medicineghim tropical areas of South and North
America, as well as in West Africa, especially ire$tern Nigeria. Although all the morphological past the plant
have been claimed to be useful in traditional madicno scientific studies have been carried owdtablish the
hypolipidaemic and antioxidant effects of the plarterefore, the present study was undertakenviestigate the
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hypoglycemic, hypolipidemic and antioxidant propstof A. muricataleaf aqueous extract in rat experimental
paradigm

Materials and Methods
Ethical consideration

Experimental protocols and procedures used insthidy were approved by the Animal Ethics Committee
of the University of KwaZulu-Natal, Durban 4000,U8lo Africa; and conform to th&uide to the Care and Use of
Animals in Research and TeachinfPublished by the Ethics Committee of the Uniwgrsif Durban-Westville,
Durban 4000, South Africa].

Animals

This study was carried out in healthy, male anddienBalb C miceNlus domestic)sweighing 20-25 g;
and healthy, young adult, Wistar raRaftus norvegicysof both sexes weighing 250-300 g. The animalsewer
housed under standard laboratory conditions ot ligtmperature and humidity. The animals were givea access
to food (standard rat pellets) and drinking tap evad libitum The rats were randomly divided into four
experimental groups of 10 rats each: Group A (thstiwater-treated ‘control’), Group B (STZ-treaeGroup C
(STZ-+ A. muricataleaf extract-treated), and Group B. (muricataleaf extract-treated) rats. All the animals were
fasted for 16 hrs, but still allowed free accesslriaking tap water, before the commencement ofeqreriments.
The mice were used for acute toxicity testing @f thude plant’s extract, while the rats were usedypoglycaemic
and hypolipidaemic evaluations of the plant’s esttra

Plant material

Fresh leaves #hnona muricatgLinn.) (family: Annonaceae) (locally known as ‘i8sop” or “Graviola”
in English, and “Abo” in Yoruba language of Westéigeria) were collected in lle-Ife, Western Nigerbetween
April and May, 2006. The leaves were identifiedtbg Taxonomist/Curator of the Department of BotaDlgafemi
Awolowo University, lle-Ife, Nigeria, as those Ahnona muricatd.inn. (family: Annonaceae). A voucher specimen
(S/N. SA003) of the plant has been deposited irHidbarium of the University’'s Botany Department.

Preparation of Annona muricatdeaf aqueous extract

A. muricatafresh leaves were air-dried at room temperature Klogram (1 kg) of the air-dried leaves of
the plant was milled into fine powder in a Wariraramercial blender. The powdered leaf was maceiatdistilled
water and extracted twice, on each occasion wihl#tre of distilled water at room temperature && h (with
occasional shaking). The combined aqueous extoghbles were concentrated to dryness under redpiessure at
60+1°C in a rotary evaporator. The resulting aqueousekivas freeze-dried, finally yielding 36.23 ¢ (j.3.62%
yield) of a light green, powdery crude aqueous tedfact ofA. muricata(AME). Without any further purification,
the crude aqueous extract thus obtained was reditig and subsequently used in this study. Aliguootions of the
crude plant extract residue were weighed and disddh distilled water for use on each day of ocypegiments.

Acute toxicity testing

The median lethal dose (IsB) of A. muricataleaf aqueous extract (AME) was determined in misiagia
modified method of Lorke (Lorke, 1983). Mice fastiedt 16 h were randomly divided into groups of dighice
each. Stepwise, graded doses of AME (25, 50, 100, 200, 800, 1600 and 3200 mg’kgwere separately
administered intraperitoneally (i. p.) to the mineeach of the ‘test’ groups. Each of the miceha ftontrol’ group
was treated with distilled water (3 ml kg.p.) only. The mice in both the ‘test’ and ‘casitrgroups were then
allowed free access to food and drinking tap wated observed over a period of 48 h for signs ofeatoxicity.
The number of deaths (caused by the extract in gamlp) within this period of time was noted andorgled. Log
dose-response plots were subsequently constructetthd plant’s extract, from which the Efof the plant’s leaf
agueous extract was determined.
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Induction of experimental diabetes

Diabetes mellitus was induced (in Groups B andeSt'trats) by intraperitoneal injections of STZ (1@
kg?), freshly dissolved in 0.1 mol'icitrate buffer (pH 6.3) (Rossini et al., 1978)aBetic state was confirmed by
measuring basal blood glucose concentrations 72em 8TZ injection. Diabetes was allowed to devekompl
stabilize in these STZ-treated rats over a peribd-@ days. The ‘test’ compound [i.eAnnona muricataleaf
aqueous extract (AME, 100 mgkgay" p.0.)] was administered orally by intragastrialmation to fasted Groups C
and D rats. In Group C rats, administration of ANEDO mg kg") commenced as from thé3lay post STZ
injection, and continued for the next 4 consecutieeks.

Biochemical assays
Blood Glucose and serum insulin estimations

Blood samples were obtained by repeated needletymenof the tail tip veins. Blood samples were
obtained 1 day before STZ treatment, and subselguameach other day after induction of diabeteditus. Blood
glucose concentrations were determined by mearBagér Glucometer Elifeand compatible blood glucose test
strips. Fasted STZ-treated rats with blood gluaus®entrations18 mmol ! were considered to be diabetic, and
used in this study. Serum insulin concentrationsewdetermined by an enzyme-linked immunosorbenayass
(ELISA), using a commercial kit (Crystal Chem, Gigo, IL; USA).

Hexokinase (HXK) and glucokinase (GCK) activities

Frozen liver tissue (1 g) was homogenized°& #h a 9-ml cold buffer solution (pH 7.4) contaigiiNa-
HEPES, 50 mM; KCI, 100 mM; EDTA, 1 mM; Mg&l5 mM and dithiothreitol (DTE), 2.5 mM; using aagb-
Teflon Potter Homogenizer. The suspension formed wentrifuged at 12000 x g for 1 h &iC4 The clear
supernatant formed was used for the measuremehtXéf and GCK activities by the coupled enzyme assay
procedure of Davidson and Arion (1987). The incigvaimixture contained the following ingredients anfinal
volume of 1 ml: HEPES, 50 umol; KCI, 100 umol; MgCl.5 umol; and DTE, 2.5 umol; fatty acid free bavi
serum albumin, 10 mg; NADO0.5 umol; G-6-PD, 4 units; liver supernatant, i0@or HXK assay or 10 pL for total
HXK and GCK assays; and D-glucose, 0.5 pumol for Hxid 10 umol for total enzyme activities. Both ‘@ntrol’
and ‘test’ tubes were pre-incubated at Z&xfor 5 min. To the ‘control’ tubes, 0.2 ml ob@ was added, and to start
the reactions in the ‘test’ tubes, 0.2 ml of a #olu containing 0.5 umol of ATP was added. ‘Corittabes were
adjusted to zero absorbance in DU-7 spectrophoema¢t340 nm, and the increase in absorbance ittietétubes
at this wavelength was plotted against time pedabd5 min. The reaction was found to be linear withe. Total
enzyme activities (GCK + HXK) and HXK activities veecalculated in terms of mU thbf the liver supernatant.
One milliunit of the enzyme corresponds to the amiaf the enzyme producing 1 nmol of NADH per mimder
assay conditions at 25%1. Hexokinase activities were subtracted from titaltHXK + GCK activities to obtain
glucokinase activities. Protein content of the lil@mogenate was determined by using bicinchoranid (BCA)
protein assay reagent (Pierce Chemical Companyfewak IL, USA).

Catalase activity (CAT)

The activity of catalase (CAT) was measured by gisis perioxidatic function according to the methafd
Johansson and Borg (1988). 50 pL potassium phosdhsfer (250 mM, pH 7.0) was incubated with 50 pL
methanol and 10 pL hydrogen peroxide (0.27%). Baetion was initiated by addition of 100 puL of emeysample
with continuous shaking at room temperature (2821After 20 minutes, the reaction was terminatgcddition of
50 pL of 7.8 M potassium hydroxide. 100 pL of pudp@-Amino-3-hydrazino-5-mercapto-1,2,4-triazodd,.2 mM
in 480 mM HCI) was immediately added, and the mixtwas again incubated for 10 minutes at 26+With
continuous shaking. Potassium peroxidate (50 pd 5.2 mM solution) was added to obtain a colowadpound.
The absorbance was read at 550 nm in a spectrapbteéo Results are expressed as micromoles of fdetmgde
produced m{ protein.

Reactive oxygen species (ROS)

The amount of ROS activity in the liver was meadung using 2°,7 -dichlorofluorescein diacetate (BCF
DA), which gets converted into highly fluorescen€P by cellular peroxides (including hydrogen ped®ji The
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assay was performed as described earlier by Sveti, €1999). Briefly, the liver tissue (10 mg) ssaomogenized in

1 ml of ice-cold 40 mM Tris-HCI buffer (pH 7.4), @rurther diluted to 0.25% with the same buffer ataced on

ice. The sample was divided into two equal fractidn one fraction, 40 puL of 1.25 mM DCF-DA in mettol was
added for ROS estimation. The other fraction tochi0 pL of methanol was added, served as a ‘dofaraissue
auto-fluorescence. All samples were incubated Somin in a 37C water-bath. Fluorescence was determined at 488
nm excitation and 525 nm emission, using a fluaaese plate reader (Tecan Spectra Fluor Plus, Geym@aasult

are expressed as nmol mimg* protein.

Reduced GSH and oxidized glutathione GSSG levels

Liver GSH and GSSG contents were measured as deddoy Hissin and Hilf (1973). To measure GSH
contents, 4 ml of the liver homogenate was preaipidt by adding 1 ml of a 25% metaphosphoric acid an
centrifuged at 10,000 x g (Ultracentrifuge, Hitgch@pan) for 30 min. Supernatant was diluted 2@gimwith the
same buffer, and 1Q€L of orthopthaldehyde (OPT) was added. In addittonGSSG assay, 0.5 ml supernatant was
incubated at room temperature with 200 of 0.04 mol L N-ethylmaleimide solution for 30 min, and to this
mixture, 4.3 ml of 0.1 mol £ NaOH was added. A 1Qf. sample of this mixture was taken for the measemof
GSSG, using the procedure described above for GShyaexcept that 0.1 mol*'INaOH was used as the diluent
instead of phosphate buffer. Samples were inculsteabm temperature for 15 min and fluorescence weasured
using spectrofluorometer (Tecan Spectra Fluor R&eymany) at 350 nm (F420 nm (k). The values obtained
were ascribed to the amount of glutathione in iber|

Superoxide dismutase activity (SOD)

Liver SOD activity was assayed by the method ofk&alet al., (1984). The reaction mixture contaifetl
ml of sodium pyrophosphate buffer (0.052 mM, pH),7®1 ml of phenazine methosulphate (PMS) (L&, 0.3
ml of nitro blue tetrazolium (NBT) (30QM). 0.2 ml of the supernatant obtained after cé&mgation (1500 x g, 10
min followed by 10,000 x g, 15 min) of 5% liver hogenate was added to reaction mixture. Enzymeiceaatas
initiated by adding 0.2 ml of NADH (780M), and stopped precisely after 1 min by adding llofrglacial acetic
acid. The amount of chromogen formed was measyreddording colour intensity at 560 nm. Resultsegressed
as units mg protein.

Glutathione peroxidase activity (GSH-Px)

Glutathione peroxidase (GSH-Px) activity was meadury NADPH oxidation, using a coupled reaction
system consisting of glutathione, glutathione redse, and cumene hydroperoxide (Tappel, 1978). OGf
enzyme sample was incubated for five minutes witb Inl stock solution (prepared in 50 mM Tris buffeH 7.6
with 0.1 mM EDTA) containing 0.25 mM GSH, 0.12 mMARPH and 1 unit glutathione reductase. The reaction
was initiated by adding 50 uL of cumene hydropedexil mg mif), and the rate of disappearance of NADPH with
time was determined by monitoring absorbance at8400ne unit of enzyme activity is defined as a@ngount of
enzyme that transforms 1 pmol of NADPH to NADP pemute. Results are expressed as units prgtein.

Thiobarbituric acid reactive substances (TBARS)

The product of the reaction between malondialderfdiBA) and thiobarbituric acid reactive substances
(TBARS) was measured by a modified method of Ohkeatval., (1979). For each sample to be assayed tdibes
were set up containing 100, 150, 200 and 250 ptissfle homogenate, 100 pL of 8.1% SDS, 750 pL &6 20etic
acid, and 750 pL of 0.8% aqueous solution of TBAe Wolume was made up to 4 ml with distilled wateixed
thoroughly and heated at%@5for 60 minutes. After cooling, 4 ml of n-butarvehs added to each tube, the contents
mixed thoroughly, and then centrifuged at 3000 fpml0 minutes. The absorbance of the clear, ufpdutanol)
layer was measured using a Shimadzu (Japan) UV-§p8dtrophotometer at 532 nm. The concentratioklDA
was calculated by the absorbance coefficient of MIBY complex at 1.56 x Tocm* M™, and was expressed in
pumol TBARS ¢ tissue protein.
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Determination of serum cholesterol, lipoproteins ad triglyceride

Blood samples were collected from tail tip veingha# rats after 16 h of fasting, and transferrestéoilized
centrifuge tubes at room temperature. The bloochsssrwere centrifuged for 10 min at 4,000 x g ttaobserum.
The serum was stored in a freezer afdd later analysis of total cholesterol (TC) aniglyceride (TG), high- and
low-density lipoprotein (HDL and LDL)-cholesteroléliquots of serum were taken for determination tofal
cholesterol by enzymatic colorimetric assay mettoddAllain et al., (1974), and triglycerides detenad by
enzymatic glycerol phosphate oxidase/peroxidaséadedf Cheng et al., (1988). Autoanalyzer (Expielss, Ciba
Corning, USA) and Elitech kit were used. Serum hagnsity lipoprotein (HDL)-cholesterol was assay®d
precipitation of chylomicrons, while very low-detysiipoproteins (VLDL) and low-density lipoproteifsDL) were
determined with sodium phosphotungstic acid andrmasigm chloride (Rainwater et al; 1995). Centritigyaleft
only the HDL in the supernatant; their cholestarohtent was determined by the method of Virella¢optal.,
(1977). Estimation of low density lipoprotein (LDEholesterol was done by using empirical formuld&oédewald
et al., (1972) for samples with TG levels <4.5 mrdl [LDL-chol] = [Total chol] — [HDL-chol] — ([TG]/22);
where all concentrations are given in mmal L

Statistical analysis

The data obtained were expressed as means (xSEMpralyzed by using repeated measures of variance.
The differences between the means were analyzédtisglly with one-way analysis of variance (ANOYA5%
confidence interval), and the Bonferroni correctisas applied as post hoc test. Values of p<0.0& waken to
imply statistical significance.

Results
Acute toxicity testing

Intraperitoneal administrations of stepwise, gradedes ofAnnona muricatdeaf aqueous extract (AME,
25-100 mg kg) were found to be safe in mice. However, relagiveloderate to high doses of the plant’s extract
(>200 mg kg i. p.) were found to be toxic and/or lethal to irémals. The LB, value of the plant's extract was
calculated to be 155+20 mgkg. p. in mice. The relatively low L§ value of 155+20 mg Kkfobtained probably
suggests thadtnnonamuricataleaf aqueous extract is only moderately safe icemi

Effects of diabetes on body weight and serum insuli

Seventy-two hours after STZ admintsbrg all the rats treated with STZ displayed glsunga,
hyperglycemia, hypoinsulinemia and moderate bugm&cant (p>0.05) loss of body weight. At the lpagng of
this study, the baseline weights of all the ratsengmilar in all groups. At the end of the studyripd (60 days),
however, the diabetic animals presented with sicgnift (p<0.05) loss in body weight, as well asgn#ficant liver
weight loss. The initial and final body weights wehowever, not significantly different (p>0.05) time ‘control’
and AME-treated rat groups (Table 1).

Table 1: Changes in body and liver weights of ‘control’, Strgated, STZ- + AME-treated, and AME-treated rat
groups just before and after treatment.

Parameters/animal groups Body weights (g) Liver weights (g)

I aiti Final Initial Final
Control 237+13 242411 9.7610.2 9.82+0.3
STZ-treated 23310 217+14 9.27+0% 8.25+0.%
STZ- + AME-treated 23412 236k 9.56+0% 9.4620'8
AME-treated 239+20 242+30 9.87+0.9 9.90+0.3

Values are expressed as means (xSEM) of 10%&tgnificant differencep<0.05) between STZ-treated and
‘control’ groups” Significant differencef<0.05) between AME-treated and STZ-treated groups.
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Table 2: Changes in blood glucose concentrations and sersutin levels of ‘control’, STZ-treated, STZ- + A4
treated, and AME-treated rat groups during theyspetiod.

Blood glucose concentrations (mmathL

Parameters/Days 0 10 20 30 40 50 60
Control 41+0.2 4.240 4.0#0.6  4.0+0.5 4.1+0.24.1+0.3  4.0+0.1
STZ-treated 4.2+0.6 18.8+0.2 20.2+0.4 21.4+0.3 21.2+0.} 22.1+0.8 21.9+0.2
STZ- + AME-treated 4.3+0.2 8.6#D.4 7.6+0.2 6.5+0.83 59+04 5308 5.2+0.6
AME-treated 4.0+0.1 3.9+0.5 3.9+0.3 3.840.9 3.9#0.2 D% 3.8+0.6
Serum insulin concentrationg ml™)

Control 12.7+#1.2 12199 12.9+41.3 12.9+1.7 13.01.2 3.131.0 12.9+1.8
STZ-treated 12.8+41.587+1.4 6.3+1.4 59+1.8 57+28 55+1.2 5.3+1.2
STZ- + AME-treated  13.2+1.7 11.3+1.210.6+1.f 10.9+1.f 11.5+1.23 11.0+0.8 12.2+1.4
AME-treated 12.4+41.3  12.7+1.52.9+1.0 13.3+1.6 13.5#1.2 13.5+1.13.9+1.5

Values are expressed as means (zSEM) of 10%‘a@Bignificant differencepd<0.05) between STZ-treated
and ‘control’ groups®® Significant differencep<0.05) between AME-treated and STZ-treated groups.
Values for ‘control’ group rats are presented @& mean values.

Table 3: Hepatic tissue CAT (umol rifgprotein), ROS (nmol mitmg™ protein), GSH (U @ protein), GSSG
(U g* protein), SOD (U m{ protein), GSH-Px (U m§protein), TBARS (nmol mg protein), HXK
and GCK (mU migprotein) of ‘control’, STZ-treated, STZ- +AME-treal, and AME-treated rats.

Parameters Control STated STZ-+ AME-treated ME-treated
Hepatic CAT 0.36+0.4 p. P 0.32+03 0.38+02
Hepatic ROS 0.13+0.1 BE 4 0.14+05 0.12+0%
Hepatic GSH 7.2241.3 B8 6.6+12 7.80+1%
Hepatic GSSG 53.1+1.6 7L.P 56.2+1% 52.7+12
Hepatic SOD 24.9+1.4 7.3 25.7+1° 25.8+1%
Hepatic GSH-Px 0.49+0.4 003 0.51+0%2 0.52+03
Hepatic TBARS 89+15 148 98+1% 86+10

Values are expressed as means (zSEM) of 10 ratgrpep.? Significant differencefg<0.05) when compared
with ‘control’ group rats”*® Significant differencep<0.05) in the same row when compared with STZ-éwat
group rats.
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Table 4: Serum lipid profiles of ‘control’ and AME-treatedts.

Caitrats AME-treated rats

Experimental
days HDL LDL TC TRIG HDL LDL TC TRIG

(mmot'L (mmol 1) (mmol 1) (mmol 1)
0 0.86+1.1 0.33+0.3 1.41 0.9+0.2 0.85+0.6 0.34+0.2 6#L.2 0.91#0.1
10 0.85+£1.2 0.54+0.2 1.8+1.6 0.9+0.3 08A 0.42+04 1.781.4 0.9+0.2
20 0.86+1.1 0.34+0.5 1.At1. 1.1+0.5 0.92+0.7 0.32+0.4 +148 0.8+0.5
30 0.87£1.0 0.43+0.4 1.8+1.7 1.0:0.4 00®B 0.431+0.1 1.7+1.0 0.8+0.2
40 0.87+£1.2 0.42+0.2 1.7+1. 0.9+0.3 0.92+0.4 0.31+04 #A3 0.8+0.2
50 0.88+1.3 0.55+0.3 1.8+1.3 0.8#0.5 004 0.44+0.2 1.7#1.2 0.7#0.5
60 0.89+1.0 0.64+0.4 1.%#1. 0.840.2 0.93+0.4 0.45+0.3 #LA 0.7+0.6

Values are expressed as means (+SEM) of 10 raigrpep. There was no significant differenpe@.05) among the
parameters determined for the ‘control’ and AMEatesl rats. Values for T-chol/HDL-chol in both ‘comit and
AME-treated rats were also not significantly diffet (2.01+1.2 vs 1.94+1.3, respectively).

Table 5: Serum lipid profiles of ‘control’, STZ-treated, 3% AME-treated, and AME-
treated rats.

STZ-tredtrats STZ- + AME-treated rats

Experimental
days HDL LDL TC  TRIG HDL LDL TC TRIG

(mmol*y (mmol 1) (mmolt) (mmol 1)
0 0.86+1.4  0.33%0.3 1.6t1 0.9+0.2 0.84+0.2 0.40+0.21.6+1.3 0.8+0.3
10 0.82+1.3 0.83+0.2 2.2+1.4 1.2+0.3 0.89+0.4 0.90+0.4 2.2+1.9 0.9+0.2
20 0.74+1% 1.23+0.8 2.7+1.8 1.6+08 0.92+0.3 0.77+0.4 2.1+1.5 0.9+0.4
30 0.63+1%3 1.66+0.4 3.2+1.7 2.0+04 1.05+t0.4 0.58+0.% 2.0+1.3 0.8%0.3
40 0.59+1%1 2.36+0.2 3.9+1.6 2.1+03 1.03+0.1 0.51+0°4 1.9+1.6 0.8+0.1
50 0.55+1%2 2.77+0.8 45+1.8 26105 1.02+0.5 0.46+0.2 1.8+1.5 0.7+0.4
60 0.52+1%3 3.11+0.4 4.9+1.9 2.8+0.8 1.02+0.2 0.46+(F3 1.8+1.7 0.7+0.2

Values are expressed as means (+SEM) of 10 ratgrpap.? Significant decreasg<€0.05) when compared with
‘control’ group rats”® Significant increasepk0.05) in the same column when compared with ‘@hgroup rats.
Value for T-chol/HDL-chol in STZ-treated rats wasshtl.5 when compared with the ‘control’ rats’ valof
2.14+1.7.

Blood glucose and serum insulin concentrations

The mean blood glucose concentratiors serum insulin levels of the STZ-treated aninsaks shown in
Table 2. In our ‘control’ set of experiments, peettment of the rats with distilled water alone dat significantly
modify (p>0.05) the animals’serum insulin and blogldcose concentrations. As shown in Table 2, itidacof
diabetes resulted in a significant increase inblbed glucose levels of the rats. There was a gilatise in the blood
glucose concentrations of the animals as from dé&yll@wing injection of STZ, and the values wergrsficantly
higher 0<0.05) than those of ‘control’ animals (Table 2yrthermore, high levels of blood glucose conceiunast
of the STZ-treated rats were persistently obsetlieslighout the study period (22.3+0.6 mmdi) LAME treatment
significantly reducedpg<0.05-0.001) the blood glucose concentrations ef AME-treated group C diabetic rats.
AME treatment also significant increased (p<0.@um insulin levels of the group C rats.
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Biochemical findings

Figure 1 shows the effect Af muricata aqueous leaf extract on hepatic hexokinase andokjnase
activities. In the STZ-treated diabetic rats, bdikxokinase and glucokinase activities significardigcreased
(p<0.05), but the levels returned to almost norrafier AME treatment.

Table 4 shows the effects Af muricataaqueous leaf extract on biochemical variablesTiB-Beated animals. There
was a clear evidence that STZ-induced hepatic yinjuas associated with free radical injury and otiigastress.
Oxidative stress was characterized by increasead [yeroxidation and/or altered non-enzymatic andyeratic
antioxidant systems. The effects of STZ and STZMEAtreatments on hepatic tissues’ ROS, GSH, SOIH-B8%
and TBARS are presented in Table 3. The hepatie»adant activities of CAT, GSH-Px, SOD and GSH
significantly decreased (p<0.05), while GSSG, R@8& BBARS significantly increased, in the STZ-trehtdiabetic
rats. The ‘control’ group of rats maintained optimalues of the antioxidants studied. AME treatmsignificantly
(p<0.05) decreased STZ-induced elevated GSSG, RAFBARS, and also significantly increased (p<0.8%¢-
induced reduced antioxidant enzyme activities. larmrhore, AME treatment restored the altered awmivitof
antioxidant enzymes like GSH-Px, SOD and GSH, TBA&#&ards their normal values in the liver.

Serum total cholesterol, triglycerides, HDL and LBholesterols, and (T-chol/HDL-chol) in the ‘contyd&5TZ-
treated, STZ + AME-treated, and AME-treated rate ahown in Tables 4 and 5. Serum total cholesterol,
triglycerides, LDL cholesterol and (T-chol/HDL-chalere significantly elevated (p<0.05) in STZ-teshiGroup B
diabetic rats as compared to ‘control’ Group A r&snilarly, HDL cholesterol was significantly reckd (p<0.05)
in STZ-treated group B diabetic rats (Table 5). ik lipid parameters examined were improved towamormal
values after AME treatment in Group C rats.

O HXK m GCK

OFRL N WbHMO O
\

Control STZ- STZ+A AME-

treated ME- treated
treated

Hexokinase/glucokinase
(mU'mg protein)

Experimental rat groups

Figure 1. Hepatic hexokinase and glucokinase activities antml’, STZ-treated, STZ- +AME-treated, and AME-
treated groups of rats. The figure shows proteatifects of AME on hepatic tissues, and reveals 8z
severely reduced the liver enzymes’ activitiesiabdtic rats.
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Discussion

Medicinal plants have been used for centuries enttbatment of diabetes mellitus. Therefore, weehav
investigated the effects &. muricataleaf aqueous extract on lipid profiles in serund &omarkers of oxidative
stress in hepatocytes of diabetic rats. In diabdétgsoinsulinaemia increases the activity of fattyl coenzyme-A
oxidase, which initiateg-oxidation of fatty acids, resulting in lipid perdation (Baynes, 1995). Also, protein
glycation and glucose auto-oxidation can lead o fhrmation of free radicals, and this, in turnn d¢aduce lipid
peroxidation (Baynes, 1991). Increased lipid petation impairs membrane functions by decreasing omane
fluidity and changing the activity of membrane-bduenzymes and receptors (Baynes, 1995). Oxidatiesssin
diabetes mellitus could cause disturbances atetved bf subcellular organelles, especially in tiwer, which is the
metabolic ‘power-house’ of the body. Evidence ofachondrial alterations in diabetic rats has beeticad for a
long time (Gerbitz et al., 1996). Mitochondrial dage can, in turn, generate a further oxidativesstieside the cell;
therefore, liver mitochondria from streptozotodieated rats are likely to generate increased legkleactive
oxygen species (Kristal et al., 1997). Along withpérglycaemia and abnormalities in serum lipidsbdies is
usually associated with microvascular and macradascomplications which are the major causes afoldy and
mortality in diabetic individuals (Virella-Lopes arVirella, 2003). Diabetes can be managed by eserdiet and
drugs. Hypoglycaemic drugs are either too expensivgpossess undesirable side-effects and/or comdieations.
Therefore, the search for more effective and sagpoglycaemic agents from plants and other natwaftces has
continued to be an area of interest for many reseas (Krishna et al., 2004).

In the present study, we noticed elevated serutislim STZ-treated diabetic rats. Lipids play ampartant
role in the pathogenesis of diabetes mellitus. [Evel of serum lipids is usually raised in diabetasd such an
elevation represents a risk factor for coronaryrhdseases (Mironava et al., 2000). However, i 8tudy, a
significant decrease in STZ-induced elevated LDG and TC; and an increase in STZ-induced reducedl HD
levels, were observed in AME-treated rats. Thetations could be beneficial in preventing diabetmplications
as well as in improving lipid metabolism in dialosti

The results of the present study also showed arase in the levels of ROS, GSSG and MDA; and a
decrease in GSH, CAT, GSH-Px and SOD contents phtietissues of STZ-treated diabetic rats. Comtirsu
treatment of Group C rats with AME caused significdecreases in the elevated blood glucose and BSSG and
MDA levels of the diabetic rats. A significant e&ion of hepatic activities of GSH-Px, CAT, SOD aB8H level
were also observed in the AME-treated diabetic. tafs thought that reactive oxygen free radicsld inactivate
and reduce hepatic CAT, SOD, and GSH-Px activitiHiis speculation is in agreement with the findirgfs
Wohaieb and Godin (Wohaieb and Godin, 1987). Funtbee, the decrease in hepatic GSH and increakepatic
GSSG, could be due to decreased synthesis, oraseuiedegradation of GSH by oxidative stress inedésh The
marked decrease in MDA, ROS and GSSG levels inht#patocytes of AME-treated rats probably suggdss t
AME exerts antioxidant activity that protects tlgsties from the destructive effects of lipid pedaxion (Nicola et
al., 1996).

Most of the glucokinase (GCK) in a mammal is foumdhe liver, and GCK provides approximately 95% of
hexokinase activity in hepatocytes. GCK plays apdrtant role in diabetes. It is involved in glucaggtake in the
pancreas and liver, which are defective in typeigbetes mellitus. Hypoglycaemia or hyperglycaemiay ralso
reduce or alter the functional efficiency of the Ks@nzyme molecule, resulting in increasing or dasieg
sensitivity of B-cell insulin response to glucose (Zelent et ab03). Because insulin is one of, if not the most
important, regulators of GCK synthesis, diabetealbfypes diminishes GCK synthesis and activitysbyariety of
mechanisms. Furthermore, it has been shown rectrdtyinsulin has a direct stimulatory effect ortanhondrial
protein synthesis in isolated rat hepatocytes (Memioal., 1995). In the present study, GCK actiwgs lower in
STZ-treated diabetic rats as compared with the tfoinrats. The decrease in hepatic GCK could refudm
hypoinsulinaemia, decreased synthesis, or increatsgradation of GCK by oxidative stress in diabetes
(Matschinsky and Magnuson, 2004). However, theitgbdf AME to significantly increase GCK activityf dhe
hepatocytes to optimal level would appear to suggesilin releasing ability of the plant’s extrantAME-treated
Group C rats.

The results of the present study also revealedjlayhsignificant decrease in serum insulin levdlSoZ-
treated diabetic rats. Single daily doses of AM@n#icantly reduced the blood glucose concentratiohdiabetic
rats, and caused a significant increase in sergulimlevels. The present data, therefore, shows tteatment of
diabetic rats with AME caused marked amelioratibtyperglycaemia, with pronounced increase in seinsulin
levels. Improvement in insulin action in diabetats after AME administration might be attributedite ability to
improve the physical state of plasma membrane firancrement of hepatic GSH levels, thereby intanfe with
the progression of lipid peroxidation.
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Although the exact mechanisms of action of AME be dlifferent biochemical variables examined in this
study could not be established, a number of eairiegstigators have shown that tannins and oth&ppenolic
compounds (e.g., coumarins), flavonoids, triterpérgaponins, and a host of other plant secondanahloétes
possess hypoglycaemic, hypolipidaemic, hypotensiaati-inflammatory, and other pharmacological and
biochemical properties in various experimental aimodels (Ojewole, 2005A. muricatais known to contain
ellagic acid, tannis, flavonoids, polyphenolic camapds, triterpenoidg}-sistosterol, and so on (Watt and Breyer-
Brandwijk, 1962; TDRG, 2002; Chang, 2001). It lerefore, not unreasonable to speculate that sditihe above
chemical constituents of the plant, especially¢bemarins, flavonoids and triterpenoids, are probadsponsible
for the altered biochemical variables in the heptiisues, as well as the antidiabetic propertdME, observed
with plant’s leaf aqueous extract in this study.

Conclusion

Based on our findings, we conclude that STZ treatrieeassociated with oxidative stress in hepagues,
and thatA. muricataleaf aqueous extract possesses antioxidant gctiiich is able to inhibit and/or prevent
hepatic oxidative damage produced by STZ treatment.
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