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ABSTRACT

Diabetes mellitus has remained one of the most camendocrine disorders in both developed and dpiredo
countries and the disease is increasing rapidlyniost parts of the world. The study investigatedsthie-chronic
toxicity and hypoglycemic effects of ethanol ledfaet of Alchornea cordifolia in streptozotocindinced diabetic
wistar rats. The animals were made diabetic by Isimgtraperitoneally injection of 60 mg/kg body wulei dose of
streptozotocin dissolved in 0.1 ml fresh cold ¢&rbuffer pH 4.5 into 16 h-fasted rats. Diabetitsravere randomly
assigned into the following groups: Group 1: Nafroontrol, Group 2: Diabetic untreated rats, whiroup 3 to
Group 4 received 200, 400 and 800mg/kg b w of Aifdia and glibenclamide 10mg/kg b w respectivaislly for
a period of 28 days. Blood glucose levels were ss&sk weekly. For the sub-chronic study, fiftees) ftesh
animals were divided into three groups of (n=5) ahdy treated with 200, 400 and 800mg/kg b w afoidifolia
leaf extract for four weeks. At the end of treattrearimals from each group were sacrificed and liged kidney
tissues exicised and subjected to routine histoldginvestigation. The result revealed a signifitardecreased
(p<0.05) blood glucose levels in the groups adnbémed with all doses of A. cordifolia, leaf extraghen compared
to diabetic control group. Premininary phytochentisareening of the extract revealed the presendéawbnoids,
saponin, tannins, cardiac glycosides, triterpenad aeducing sugars. The sgof the extract of A. cordifolia was
found to be safe up to 5000mg/kg b w. The sub-ahtoricity study of A. cordifolia on the liver atkédney tissues
showed that the extract did not cause any alteratiothe structure of the liver cells. There wagpotential toxicity
or damage to the cell structure of kidney of A.difalia treated groups. In conclusion, the reswtstained from
this study provide the scientific basis on uséisf plant in the management of diabetes mellitus.
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INTRODUCTION

Diabetes mellitus is the most prevalent metabglitdsome world-wide with an incidence varying betwdeto 8%
[1, 2]. The disease arises when insufficient imsii produced, or when the available insulin does fanction
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properly. Thus diabetes is characterized by hypeegimia resulting in various short-term metabohianges in
lipid and protein metabolism and long-term irrev@es vascular changes. The long-term manifestabiodiabetes
can result in the development of some complicatibnsadly classified as microvascular or macrovisatlisease.
Microvascular complications include neuropathy yeedamage), nephropathy (renal disease) and vigorders
(retinopathy, glaucoma, cataract and corneal desdasvhile macrovascular complications include he&ease,
stroke and peripheral vascular disease, whicheaah o ulcers, gangrene and amputation [3, 4].€Dtlyr available
therapies for diabetes include insulin and variots anti-diabetic agents such as sulfonylureagudsides,o-
glucosidase inhibitors, and glinides, which areduae monotherapy or in combination to achieve bejygcemic
regulation. Many of these oral anti-diabetic agesuffer from various adverse effects, thus, margagiiabetes
without any side effects is still a challenge t@ tvorkers, and hence the search for more effeae safer
therapeutic agents in eradicating diabetic syndeohas continued to be an important area of invastig [3]. To
cope with severe problems associated with usingynthetic anti-diabetic drugs, there is a needtk Ifor more
efficacious drugs with lesser side effects and alstow cost [3]. Plants have always been exemptamyrce of
drugs and many of the currently available drugshasen derived directly or indirectly from them.[B]is always
believed that plant is safe, but so many plant ri@teare not safe for human being, that's why diyistudy of
these plants should be investigated before consampf these plant materials [5]. However,most roegil plants
are used indiscriminately without knowing their pibde adverse effect. Over the past decades, deegrarts in
both developed and developing countries have itelicadverse effects allegedly arising from the afsmedicinal
plants [6, 7].Some of these effects include abnrtibpregnancy, dizziness, vomiting, diarrhea, ahidal pain, fast
heart beat, death, ulcer and loss of appetite li@s€ effects could be attributed to the presencghgfotoxic
compounds in the plant extracts and lack of aaflaasiage necessary for the treatment of diseasedl@jornea
cordifolia is an erect and bushy perennial straggling, laxnbhed,evergreen dioecious shrub or small tree 8p
m tall reproducing from seeds. It is widespreadésondary forest and riverine forest, especiallynarshy areas
but sometimes in drier sites, from sea-level uA%0 m altitude [10]. The leaves, roots and stenk lsantain
terpenoids, steroid glycosides, flavonoids (2-3%@nnins (about 10%), saponins, carbohydrates amd th
imidazopyrimidine alkaloids alchorneine, alchorniliand several guanidine alkaloids [1Alchornea cordifoliais
commonly used as a medicinal plant throughout rés af distribution. The leaves are mostly used,atso the
stem bark, stem pith, leafy stems, root bark, raots fruits enter in local medicine. The leaveteafy stems, as an
infusion or chewed fresh, are taken for their sedaand antispasmodic activities to treat a varigftyespiratory
problems including sore throat, cough and bronghigenital-urinary problems including venereal déss and
female sterility, and intestinal problems includiggstric ulcers, diarrhoea, amoebic dysentery aodns. As a
purgative, they are also taken as an enema; highsdtaken orally are emetic. They are also takea b®od
purifier, as a tonic and to treat anaemia and pgjl¢12,13]. The present research work was designetestigate
the sub-chronic toxicity and hypoglycemic effect ethanol leaf extract oflchornea cordifolia(Schumach. &
Thonn.) Mull.Arg.in Streptozotocin-induced dialwetvistar rats.

MATERIALS AND METHODS

Chemicals and drugs used

Streptozocin (STZ) was purchased from Sigma chdmi(st Louis U.S.A). Glibenclamide was obtainedniro
pharmaceutical store in Zaria, Kaduna state, whAiteu-chek Advantage, a digital glucometer was ufsedhe
determination of blood glucose levels.

Plant material collection

Fresh leaves oflchornea cordifoliawere collected from old Karu village, Karu Localvgonment of Nasarawa
State, Nigeria in the month January 2011.The plead then taken to the herbarium unit of Biologi€aience

Department, Ahmadu Bello University, Zaria, Kadwatate, where the plant was identified by Mal. M.ddwand a
voucher specimen (Number 401) deposited.

Plant extracts preparation

The fresh leaveslchornea cordifoliacollected were air dried under the shade and gronto fine powder. The
powder (490g) was macerated in 70% of ethanol &3d 8f distilled water at room temperature for 720 This

was then filtered using a filter paper (Whatmarze sio. 1) and the filtrate were evaporated to dsgnising (HH-S
Digital thermostatic water bath) maintained at 30&. A brownish residue weighing 34 g was obtaiaed kept in

an air tight sample bottle, labeled and stored ikesiccator until it was reconstituted in approjerigolume of

distilled water for administration.
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Acute toxicity study of A. cordifolia
The median lethal doses (k§) of fresh leaves of ethanol leaf extract Afchornea cordifolia was carried out by
method of Lorke [14].

Phytochemical screening

The methods of analysis employed were those destily Trease and Evans [15]. The ethanol leaf extf
Alchornea cordifolialeaf extract obtained were subjected to prelinyinainytochemical screening to identify the
presence or absence of phytochemicals constituents.

Animal management

Strains of albino wistar rats of both sexes thaghed between 150 — 200 g were obtained from thgaBment of
Human Physiology, Animal House, Ahmadu Bello Ungir, Zaria. The animals were kept and maintainedeu
laboratory condition of temperature, humidity aigit. The animals allowed to acclimatize for twoeks, but were
allowed free access to water, before commencenie¢hé study.

Experimental Induction of Diabetes Mellitus

Diabetes mellitus was induced by single intrapegtd injection of 60 mg/kg body weight dose of gtozotocin

dissolved in 0.1 ml fresh cold citrate buffer pH 4vhich served as the vehicle into 18 hrs fastésl ehree days
after Streptozotocin injection, blood was takemfrtail artery of the rats. Rats having blood glectesels greater
than 200mg/dl were considered diabetic and includdde study.

Experimental design

In the experiment, a total of thirty six rats werged, the animals were divided into six groupsixf(8) animals
each as follows:

Group 1: Non-diabetic untreated and receivedlldidtwater

Groups 2: Diabetic untreated administered withildstwater

Group 3: Diabetic and treated with 200mg/kg bfvAocordifolialeaf extract

Group 4: Diabetic received 400mg/kg b waofcordifolialeaf extract

Group 5: Diabetic received 800mg/kg b wAofcordifolialeaf extract

Group 6: Diabetic received Glibenclamide 10mg/kg b

All extract and drug administration was given oralhce daily for a period of twenty eight (28) days

Sub-chronic toxicity studies ofA. cordifolia leaf extract

Twenty fresh Wistar rats of both sexes weighingMeein 150 — 200 g were used for this study. The alsinvere
divided separately into three groups of five (5)naals each. Group | served as the control and weten 1ml of
distilled water, Group Il were administered with02@g/kg b w ofthe extractGroup Il were given 400 mg/kg b w
of the extract, while Group IV also received thghast dose of 800 mg/kg b w Af cordifolia respectivelyor a
period of 28 days. The animals from all groups webserved for general signs of toxicity such asreksed
locomotor activity and sensitivity to touch and rpailecreased water and feed intake, tachypnoegrastration
including death throughout the period of the pkxttacts administration [16].

Histological preparation of liver and kidney tissues

At the end of twenty eight days of extract and dtogatment, all animals from each group were fieed and liver
and kidney tissues dissected out and fixed immelgiain 10% neutral formal-saline fixative soluticior
histological studies as well as the postmortemgyeo@mination. After fixation, tissues were embelibeparaffin,
solid sections were cut at 5um and various sectiogre stained with haematoxylin and eosins as ety
Galozhger and Kocloff [17].

Statistical analysis

Data obtained were expressed as mean + SEM Thelt&tmed were statistically analyzed using one-a@glysis
of variance (ANOVA) with Tukey's multiple comparisgpost hoc tests to compare the level of sigamifie
between control and experimental groups. All dtiatis analysis was evaluated using SPSS Versiob daftware.
The values of p < 0.05 were considered as sigmififEs].
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RESULTS

Acute Toxicity Study

In the oral acute toxicity study, all the gradedsel of ethanol leaf extract dichornea cordifolialeaf extract
administered to the animals showed no signs otitiyxand no deaths were recorded. Therefore, thg afDethanol
leaf extractAlchornea cordifoliawas found to be 5000 mg/kg body weight.

Phytochemical Screening oA. cordifolia
Preliminary phytochemical screening of the plaritact showed the presence of cyanogenetic glycesgiponins,
carbohydrate, flavonoids, tannins, cardiac glyoesiand steroids and Triterpenoids.

Effect of ethanol leafA.cordifolia on fasting blood glucose level in streptozotocin-duced diabetic Wistar
rats

There was no statistically significantly change>(p05) on blood glucose level after day 1 and wtempared to
the diabetic untreated group. Day one (1) indictitesday before commencement of treatment. Howélvere was
a significantly (p< 0.05) decreased blood glucesellin the group administered with 400 and 800kandy w of the
extract, with a non significant reduction (p>0.@#)served in the group treated with 200mg/kg b wexdfact after
day 7 when compared to diabetic control group. &lvests also a significant reduction (p < 0.05) avodlglucose
levels in all the groups administered with all doséA. cordifolia after 14, 21 and 28day when compared to
diabetic control group .The effect of the extractiecreasing the blood glucose was comparableststémdard drug
(glibenclamide 10mg/kg b w) used in this study (fig).

Microscopic findings on the histology of liver tisses of rats administered withA. Cordifolia.

The histological features of liver of control arftetgroups treated with. cordifolia extract in the sub-chronic
toxicity study are shown in plate 1-4. The histadad) findings showed that the plant extract did adversely affect
the morphology of liver tissues in the group trdatdgth 200, 400 and 800 mg/kg b w of the extradte Tiver
tissues showed cords of hepatocytes that are wedlepsred and essentially normal and arranged ity feadial
position in relation to the central vein, cytoplasot vacuolated, sinusoids well demarcated, no ef@&crosis, no
fatty degeneration and change (plate 2-4) when epaapto control group (plate 1).
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50 - mg/kg
0 T T T T 1

Day 1 Day 7 Day 14 Day 21 Day 28
Duration of Treatment

Figure 1: Effect of ethanol leaf extract ofAlchornea cordifolia on (£ mean) fasting blood glucose levels in
streptozotocin-induced diabetic wistar rats.

Microscopic findings on the histology of kidney tisues of rats administered withA. Cordifolia.
In this study, microscopic evaluation of the kidrisgues of rats administered with 200, 400 andr@ffkg b w of
A. cordifoliain the sub-chronic toxicity studgvealed that the extract did not cause any aiberéd the glomerular
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and renal tubular epithelium, with a well preserviedact and essentially normal renal tubular c@liate 6 —8)
when compared to the control group (plate 5).

Plate 2: Photomicrograph of a section of liver radministered with ethanol leaf extract ofA. cordifolia 200
mg/kg body weight orally. H&E Stained X 250

Plate 3: Photomicrograph of a section of liver ofats administered with ethanol leaf extract ofA. cordifolia
400 mg/kg body weight orally. H&E Stained X 250.
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Plate 4: Photomicrograph of a section of liver of ats administered with ethanol leaf extract ofA. cordifolia
800 mg/kg body weight orally. H&E Stained X 250.

250.

Plate 6: Photomicrograph of a section of kidney ofats administered with ethanol leaf extract ofA. cordifolia
200 mg/kg body weight orally. H&E Stained X 250.
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Plate 7: Photomicrograph of a section of kidney ofats administered with administered with ethanol leaf
extract of A. cordifolia 400 mg/kg body weight orally. H&E Stained X 250.

Plate 8: Photomicrograph of a section of kidney ofats administered with administered with ethanol leaf
extract of A. cordifolia 800 mg/kg body weight orally. H&E Stained X 250.

DISCUSSION

There is a growing interest in herbal remedies ttu¢he side-effects associated with the existingrapeutic
hypoglycaemic agents [19]. Streptozotocin-inducegeeimental diabetes is one of valuable models used
induction of type-l diabetes [20]. Streptozotoanjection leads to the degeneration of the Langerhislets beta
cells leading to decreased synthesis and releasesofin and consequently hyperglycemia occurs .[2d]the
present study there was a significantly increaged).05) fasting blood glucose level in the diabetigreated
animals when compared to normal control group. déereased serum insulin levels in the streptozotoeated
animals as result of the destruction of pancrdzgia cells which was not determined in this prestrdy might be
responsible for the increased blood glucose leobterved in the diabetic untreated animals. Ouadiriigs in this
study showed that the administration of the gradeskes 200, 400 and 800 mg/kg b w Aofcordifolia produced
significantly (p<0.05) decreased fasting blood ghe level in the Streptozotocin induced diabeticnals when
compared to the diabetic untreated group. The sbdereduction in the level of fasting blood glucegss in dose
dependent fashion. Streptozotocin have been reptoteffectively destroy pancreatic cells and caysersistent
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hyperglycemia, therefore the mechanism of anti-eligbaction ofA. cordifolialeaf extract might therefore involve
actions other than pancreatic cells insulin relessseetion (insulinotropic effect), i.e. possibhydugh other extra-
pancreatic actions in these streptozotocin-indutiatetic rats [22]. The extra-pancreatic actionsha@es include
the stimulation of peripheral glucose utilizationemhancing glycolytic and glycogenic processe$ witncomitant
decrease in glycogenolysis and gluconeogenesis IP28liminary phytochemical screening revealedpifesence of
saponins, flavonoids and tannins among other hbsther secondary metabolites. In addition, the lasm of
action ofA. cordifolialeaf extract may be related to the presence ofgablyemicals especially flavonoids found in
the plant. Flavonoids have been reported to intgbdium-dependent glucose transporter Isoform 2it(&), the
intestinal transporters for glucose, therefores &lso likely that it might reduce blood glucdseel by inhibiting
the glucose absorption from the intestine with eguognt reduction in the blood glucose concentratisnvas
observed in this present work [24]. Toxicity is expression of being poisonous, indicating theestdtadverse
effects led by the interaction between toxicantsl aells [16].Toxicity screening models provide imiamt
preliminary data to help select natural remedieth ypiotential health beneficial properties for f@uwvork [25].
Therefore, acute oral toxicity study is vitally dee not only to identify the range of doses thatld¢de used
subsequently, but also to reveal the possibleazlirsigns elicited by the substances under invatitig. It is also a
useful parameter to investigating the therapeutidex of drugs and xenobiotics [26]. In this studfter
administration of various doses Af cordifolialeaf extract by standard method of Lorke’s, ths were monitored
for forty eight hours. The clinical symptom is oofethe major important observations to indicatetthécity effects
on organs in the treated groups [27].This preseilysshowed that there were no observable signswamgtoms of
toxicity distress, decrease food intake and wateisamption. The physical appearance features ssickina, fur
and eyes were found to be normal in the extraettdéck animals during the oral acute toxicity stuBtudies have
shown that determination of food intake and watersamption is important in the study of safety gfraduct with
therapeutic purpose, as proper intake of nutrientsssential to the physiological status of themahiand to the
accomplishment of the proper response to the desjed [28]. Hence, oral acute toxicity study réegdhat the
ethanolic extract of\. cordifolia did not cause any death and was considered sédast up to 5000 mg/kg b w
suggesting non-toxic nature of the plant extractgéneralin vivo toxicity study is the toxicological analysis of
many medicinal plants and its potency to evaluatditptively and quantitatively by histopathologynd to achieve
this, long-term toxicity tests is done to find autich organs are affected at the end of the tremtiperiod. In this
study, histological evaluations of the liver andrey tissues of rats administered withcordifoliafor 28 days in
the sub-chronic toxicity study was done to furtbenfirm the alteration in cell structure of thesgans. The liver
is the main target organ of toxicity when it is espd to foreign substances. When these substarecabsorbed in
intestines, they are metabolized to other compowvtdsh may or may not be hepatotoxic to the raf.[th this
study, the liver histology revealed evidence ofmalrhepatocytes. The study showed that the extidatot cause
any alteration to the structure of the liver cefdso there was no necrosis, inflammatory reactfimpsis or local
fatty degeneration in the liver cells in the cohfgooup (plate 1) when compared Ao cordifolia treated groups
(plate 2-4). The kidney micrograph displayed ilai{gs 5-8) shows that there was no potential toxmi damage to
the cell structure of kidney in the control groypafe 5) and theé\. cordifoliatreated groups (plate 6-8). These
suggest that thé\. cordifolia leaf extract does not have deleterious effectstten liver and kidney tissues
respectively.

CONCLUSION

The present results show that ethanol leaf extrbét cordifoliaat all dosesaused a significant decrease on blood
glucose level in STZ-induced diabetic animals. $haly also revealed that the extract did not canyeapparent in
Vivo toxicity to animals. In the oral acute toxicktudy, no death or signs of toxicity were obsdrirerats treated
with the plant extract up to the dose of 5000 mdykg. The histology examination in the sub-chrdoiicity study
revealed no changes ime architecture of liver and kidney tissues atte#ited doses oA. cordifolia thus
establishing its traditional safe usage in the rgangent of diabetes mellitus.
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