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Abstract

This study was designed to determine the effefctaathanolic extracts ofnnona muricata (Linn) on the
blood glucose level of streptozotocin-induced dimb®/istar rats. Thirty adult Wistar rats were randy assigned
into three groups (A, B and C) of ten rats eaclouprA was the control, Group B was untreated hyigeegnic
group and group C wak. muricata-treated group. Hyperglycemia was induced in grddipsid C by a single intra-
peritoneal injection of 80mg/kg streptozotocin diged in 0.1M citrate buffer. The control group was
intraperitoneally injected with equivalent volumiecdrate buffer and all the animals were monitofedfour weeks.
Daily intra peritoneal injection of 100mg/kly muricata was administered to group C rats for two weeks téied
animals were monitored for another two weeks. Ta @btained were analyzed with descriptive andrenttial
statistics. The result showed a mean body weig06f+7.74g, 173.293.13g and 197 5.62g respectively for the
control, untreated diabetic ard muricata-treated diabetic group, and a mean blood glucoseentration of 3.78 +
0.190 mmol/L, 21.64 2.229mmol/L and 4.22 8.151mmol/L for the control, untreated diabetid areated diabetic
groups respectively. A significant difference exibetween the blood glucose concentrations ofetdeand untreated
hyperglycemic groups of rat¥he result of this study demonstrated tAatnuricata possesses anti-hyperglycemic
activities.
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Introduction

Diabetes mellitus, characterized by hyperglycerisiaa genetically and clinically heterogeneous grotip
disorders with common feature of glucose intoleea(d/HO, 1994). Based on WHO recommendation, diabete
mellitus is classified into four major subtypespeyl (insulin dependent diabetes mellitus, IDDM}pd Il (non-
insulin dependent diabetes mellitus, NIDDM) othgedfic types and gestational diabetes mellitusDND or
Juvenile-onset diabetes results from a cellulariated autoimmune destruction of tifecells of the pancreas
(Atkinson and Maclaren, 1994, Takes#ti al, 2002). However, NIDDM or adult-onset diabetes ltssfrom the
development of insulin resistance and the affeated/iduals usually have insulin deficiency (De Rro et al.
1997). In modern medicine, the beneficial effedtstandard medications on glycemic levels are wellumented;
the preventive activity of medications against firegressive nature of diabetes and its complicatimas the
modest but not always effective. Insulin therapipmafs glycemic control in type 1 diabetes, yetstertcomings
such as ineffectiveness on oral administration,rtskbelf life, the requirement of constant refrigeon, fatal
hypoglycemia in event of excess dosage, reluctahgatients to take insulin injection and abovetladl resistance
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due to prolonged administration limits its usagagkiswanath et al., 2005). Similarly, treatmentygfe 2 diabetes
patients with sulfonylureas and biguanides is asimessociated with side effects (Grandhipuram g2@06). Hence,
search for a drug with low cost, more potential amithout adverse side effect is being pursued ivess
laboratories around the world.

The bark, roots and leaves Arfinona muricata has been reported to be used as anti-diabetbe iRdruvian
Amazon (Vasquez, 1990). This investigation is tfeeeedesigned to confirm the effects of methanekitracts ofA.
muricata leaves on glycemic control in streptozotocin-inetlidiabetic Wistar rats.

Annona muricata is a plant which belongs to the famiyinonaceae (Taylor, 1996). It is a medicinal plant
that has been used as a natural remedy for a yaofetillnesses. Several studies by different redeens
demonstrated that the bark as well as the leave@sihti-hypertensive, vasodilator, anti-spasmodico@th muscle
relaxant) and cardio depressant (slowing of hea€) ractivities in animals (Feng, 1962). Researchad re-verified
A. muricata leaf's hypotensive properties in rats (Carbajahlet1991). Other properties and action®\ofnuricata
documented by traditional uses include its usengiscancerous, (Oberlies et al., 1995; Tormo et2003), anti-
diabetes (Vasquez, 1990); anti-bacterial, (Takahetshl, 2006); anti-fungal (Heinrich et al1992); anti-malarial,
anti-mutagenic (cellular protector), emetic (indugemiting), anti-convulsant (N'gouemo, 1997), sédst
insecticidal and uterine stimulant. It is also éedid to be a digestive stimulant, antiviral catdigic (tones, balances
and strengthens the heart), febrifuge (cures feweryiness (balances/calms the nerves), vermifexgeels worms),
pediculocide (Kkills lice), and as an analgesic. rRact al. (1998) confirmed the anti-viral activity of ethdico
extracts ofA. muricata againstHerpes simplex virus. Extracts ofA. muricata have been shown to have anti-parasitic
(Bories et al., 1991), anti-rheumatic, astringéds Santos and Sant’Ana, 2000), anti-leishmamal eytotoxic
effects (Jaramillo et al2000; Liaw et.al. 2002A. muricata has also been shown to be effective against rdutr
resistant (MDR) cancer cell lines (Oberlies et B97; Liaw et al., 2002). Extracts Af muricata were also shown
to be effective against the cancer cell line Ukg8dmilloet al., 2000), and hematoma cell linesuvitro (Chen et al.
2000). Extracts were also shown to be lethal toftégh water molluskBiomphalaria glabrata, which act as a host
for the parasitic worngchistosoma mansoni (dos Santos and Sant’Ana, 2000; Luna et al., 2006)

Materials and M ethods
Plant M aterial

Annona muricata leaves were collected from Mowe, Ogun State, NgariFebruary 2006. The plant was
identified by Dr. Folorunso of the Department oft&@wy, Obafemi Awolowo University, lle Ife and a \aher
specimen (IFE5) was deposited in the HerbariunmeMepartment

Preparation of Extracts

A. muricata leaves were air dried at room temperature for feeeks. The air-dried leaves were powdered
in a warring blender (Christy and Norris — 47368gknd) at the Department of Pharmacognosy Obafemiowo
University, lle Ife. A 600g of the powdered leafles was soaked in 5 litres of 70% methanol fohd@s at room
temperature. The mixture was filtered and thedfiirwas evaporated at°60using a vacuum rotary evaporator (RE
100B, Bibby Sterilin, United Kingdom). The wet résée was freeze-dried using a vacuum freeze driéB3F
Armfield, England) and was stored until ready te.us

Care and Management of Animals

Thirty healthy adult Wistar rats (Rattus norvegjcakboth sexes, weighing between 1509 and 250@ wer
used for the experiment. The rats were bred inathienal holding of department of Anatomy and Ceilbl&gy
Obafemi Awolowo University lle Ife, were maintained standard rat pellets (Ladokun feeds, Ibadagei), and
were given watead libitum. The animals were randomly assigned into threeggd?, B, and C of ten rats each.
Group A was the control, non-diabetic group of rgteup B was the experimentally induced diabetaug without
A. muricata treatment while group C was the experimentallyucetl diabetic group treated with methanolic extract
of A. muricata. There was a pre-experimental period of four wakking which the body weight and blood glucose
level were monitored in the animals before the cemeement of the experiment. The rats receive hunsane
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according to the criteria outlined in the “Guide the Care and Use of Laboratory Animals” prepabgdthe
National Academy of Sciences and published by tatdNal Institutes of Health.

Acutetoxicity test

Forty adult male Wistar rats (150 — 200g) were oanly assigned into six groups (T1, T2, T3, T4, Tela
T6) of eight animals in each group. T1 was treat@t distilled water and is considered as contiidie other five
groups were treated with methanolic extractAofnuricata given intraperitoneally in increasing dosage of 28,
100, 200, and 400mg/kg body weight. The extract eiasolved in distilled water and the average vaunjected
was 0.3ml. The control group was given equivalestime of distilled water used in dissolving theragt. All the
rats were returned to their cages and given freesacto food and water. The mortality in each ceae assessed 24
hours, 48 hours and 72 hours after administratfoextract. The percentage mortality in each gro#s walculated
and plotted against the lggf the extract dose. Regression line was fittedneyhod of least squares and confidence
limits for the lethal dose (L§) values were calculated by method of Abdel-Batrgle(1997)

Administration of Streptozotocin and Annona muricata

Diabetes mellitus was experimentally induced inugoB and C by a single intraperitoneal injectidn o
80mg/kg b.w. streptozotocin (Sigma, St. Louis, USWgsolved in 0.1M sodium citrate buffer pH 6.3.€Tt¢ontrol
(group A animals) were injected intraperitonealliyhnequivalent volume of the citrate buffer. Theésravere fasted
overnight before STZ administration. The blood gke level was monitored weekly in the animals tier next four
weeks. After four weeks of experimental-inductioh diabetes, group C rats were given daily intrapeeal
injection of 100mg/kg of extracts . muricata dissolved in distilled water for two weeks and #r@mals were
monitored for another four weeks.

Determination of Body Weight and Blood Glucose L evel

The body weights of the animals were measured usitap loader weighing balance. Blood sample was
obtained from the tail vein of the animals and ithiasting blood glucose level was determined in iimosing a
digital glucometer (Accu-chek® Advantage, Rochedbiastic, Germany). The animals were fasted forreogeof
16 hours before their blood glucose level was nreasu

Statistical Analysis

The data were analysed using descriptive and infiatestatistics. All values are presented as mean
standard error of mean (SEM) for ten rats in edcthe three group of rats. The significance of elifnce in the
means of all parameters reported for the threepgod animals was determined using paired samptiest t — test
and a p — value of < 0.05 (two tailed) was considexs significant.

Results
Effects of Annona muricata on the Weight:

Prior to STZ administration, there was no significgp < 0.05) difference in the average weightshef
three groups of experimental animals. By the endhef first week after diabetes mellitus was experitally
induced, the weights of Groups B and C animalssigmficantly (p < 0.05) reduced despite the inseei food and
fluid intake in these animals. This weight loss tommed for four week after STZ administration (FHigul).
However, the weight of animals in group C gradualigreased on treatment with extractsfoimuricata over the
period of five weeks as shown in Figure 1. At the ef the experiment, there was a significant (2G5) difference
in the weights of groups B and C animals while ¢hems no statistically significant (p < 0.05) diface between
weights of animals in groups A and C (Figure 1,&db)
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Figure 1: Weekly changes in the body weight of the ratsr&8fEZ andA. Muricata Administration

Figure 1 show that, in contrast to control rater¢hwas a significant (p < 0.05) weight loss amitreggroup B and C
rats, one week after STZ administration. Howeemuricata -treated rats showed sign of recovery in body weigh
gains four weeks after treatments (197.70.629g) compared to the diabetic control rats (293.5.13 g).

Effects of Annona Muricata on the Blood Glucose L evel

Prior to STZ administration, the fasting blood gise level did not differ significantly (p < 0.05¢tveen
the three groups of experimental animals. 24 hafirsr administration of STZ, the blood glucose lewas
significantly (p < 0.05) higher in groups B and @raals. The blood glucose level of animals in gr@&igradually
decreased on treatment with extract\ofmuricata over the period of five weeks (fig. 2). Controtséreated with
citrate buffer were euglycemic throughout the pirad experiment. At the end of the experiment, ¢heras a
significant (p < 0.05) reduction in the blood glsedevel of groups C rats compared to that of grBumts. In
addition, there exist no significant (p < 0.05)feliEnce between blood glucose level of rats in gsod and C (Fig.
2, Table 1) This shows that extractsfofmuricata demonstrate a potent antihyperglycemic activity.
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Figure 2: Weekly changes in the blood glucose level
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Table 1. Changesin the Body Weight and Blood Glucose Level of Control and Experimental Group of

Rats after STZ and Annona muricata Administration

Body Weight Blood glucose level

Group (9) (mmol/L)

Group A (initial) 207.65 9.37F 3.604+0.127
Group A + Citrate buffer 206.00 %74 3.78 +0.196
Group B (initial) 203.46 7.99 3.28 +0.18%
Group B + STZ 173.29 5.13 21.64 +2.229
Group C (initial) 201.00 7.26' 3.5740.12¢
Group C + STZ 170.60 5.23 24.74 +2.923
Group C + STZ 4A. muricata 197.70 +5.62 4.22 +0.15F

Values are given as mearSEM for ten rats in each group. a, b within colusignifies that means with different
letters differs significantly at P < 0.05 (two &l T-test) while means with the same letters daasdiffer

significantly at P <0.05. (two tailed T-test)
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Figure 2 shows that prior to the extract admint&ira there was no significant (p < 0.05) differenc
between the blood glucose levels of the control thedtwo diabetic groups of animals. The blood gigclevel of
the two diabetic groups of rats significantly (g0<05) increased twenty-four hours after STZ adniaf®on, and
there was no significant (p < 0.05) difference ledw the blood glucose levels of these two groupdiafetic rats
for a period of four weeks. After 4 weeks of treatrwith extracts oA. muricata, the blood glucose levels of the
treated diabetic rats does not differ significarfly< 0.05) from that of the control (4.220+151 and 3.78 ©.190
mmol/L, respectively). In contrast, the blood glucose lefg¢he untreated diabetic rat remained elevateslghout
the experimental period (21.64 2229 mmol/L). The blood glucose level of the cohtemained unchanged
throughout the period of the investigation.

Discussion

Streptozotocin-induced hyperglycemia in rats issidered a good model for the preliminary screemihg
agents active against type Il diabetes (lvorrd.etl889) and is widely used. Generally, destructid p-cells starts
three days after STZ administration and reachgseiék at three to four weeks in rats (AdeghateRuomkery, 2002).
Streptozotocin-induced diabetes in laboratory aténhas been widely used for research on diabetéstartong-
term complications. Control animals in these stsidiee usually injected with citrate buffer solutiétowever, STZ
is known to possess pharmacological effects othan its diabetogenic properties (Schein gt1#874), and extra
pancreatic actions of streptozotocin cannot beugberl. The presence of GLUT2 in liver and kidnegtmiexplain
the long-term complications seen with hepatic ahl tumors in rats treated with streptozotocinlgbent et al.,
1995). Because of the extra pancreatic effectsreptzotocin, it may be difficult to distinguisffect secondary to
diabetes from those secondary to streptozotosirse.

Diabetes mellitus is a chronic metabolic disordearacterized by a high blood glucose concentration
caused by insulin deficiency, often combined witisulin resistance. Diabetes mellitus is also mapuse of
disability and hospitalization and it results igrficant financial burden (Vats et al., 2002). 8y year 2010, the
total number of people worldwide with diabetes il is projected to reach 239 million. Region witeatest
interest are Asia and Africa, where diabetes ratesd rise to 2-3 folds than the present rates (decaa Diabetes
Association, 1997).

Many traditional plant treatments for diabetes el are used throughout the world (Marles and
Farnswort, 1995). Management of diabetes withoytsaahe effect is still a challenge to the medigaitem. This has
led to an increasing demand for natural producth asti-diabetic activity and fewer side effectsaa(feswara et al
1999). Many herbs and plant products have been shiovwave hypoglycemic action. Various morpholobjats
of Annona muricata have been reported to be useful as effective remaeainst diabetes, hypertension, headache,
dizziness, constipation, catarrh, liver problemeynalgia, rheumatism and arthritis pain (de Almeif93).

It has been suggested that bioactive compounds flamts sources having anti-hyperglycemic actisitie
might act by several mechanisms such as stimulatisiglin secretion, increasing repair or prolifevatof g-cells
and enhancing the effects of insulin and adrer{&ayed et al., 1998). The result of this presamsindicated that
there was a significant reduction in the blood gke concentration of diabetic rats Aymuricata treatment. The
present study also shows that daily intraperitoaéahinistration of 100mg/kg of extracts Afmuricata to diabetic
rats for 15 consecutive days caused a statistisailyificant increase in the body weight of diabethimals despite
the decrease in food and fluid intake observedchésé animals. This could be the result of improgbdemic
control produced by. muricata extracts.
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