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ABSTRACT

OBJECTIVE: To study the effects of Mangifera indica leaves on alloxan-induced diabetes checking the level of oxidative stress, 
behavioural observation and histology state of the prefrontal cortex in adult male Wistar rats.
STUDY DESIGN: Analytic Study
PLACE AND DURATION: The research work was carried out between 7th February and 3rd April of 2013, at the Department of 
Anatomy, University of Ilorin, Nigeria.
METHODOLOGY: Twenty five adult male Wistar rats were divided into five groups. Group B was induced with hyperglycaemia by 
alloxan (150 mg/kg body weight; Group B). Group C and D induced diabetic rats were treated with 10mg/kg of Mangifera indica and 
20mg/kg of Mangifera indica respectively. A group of undiabetic rats were also treated with 20mg/kg of Mangifera indica (Group E). 
The control was given feed and water ad libitum (Group A). At 28 days of treatment, novel object recognition test was done, prefrontal 
histology was studied by the haematoxylin and eosin staining; while oxidative stress markers assayed in the prefrontal homogenate. 
Glucose oxidase method was used in measuring the blood glucose level. 
RESULT: In contrast to the untreated diabetic group, the blood glucose concentration of the treated groups and control group showed 
was no significant difference (P>0.05) at 28 days of treatment with Mangifera indica. Tissue Malondialdehyde and Superoxide 
Dismutase levels in the diabetic untreated group were statistically significant (P>0.05) when compared with the control. Using the 
novel object recognition test, the untreated rats showed loss of short term memory. Histologically, there was improvement in the 
treated group compared to the untreated group.
CONCLUSION: Mangifera indica confers better protection against hyperglycaemia-induced oxidative stress and memory loss in brain 
of adult Wistar rats.
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INTRODUCTION

Diabetes Mellitus is a heterogeneous group of metabolic group 
disorder characterized by glucose intolerance and fasting 

1hyperglycaemia . It can also be defined as a disorder of 
carbohydrate metabolism resulting in high glucose level with 
other neurogenic and vascular complication affecting a variety 

2of organs in the body . Reactive oxygen species (ROS) 
production increases in diabetes owing to hyperglycemia which 
induces autoxidative glycosylation of cell membranes, 
destruction of the antioxidant systems, lipid peroxidation, and 

 3tissue injury .
Although therapeutic drugs have long been used in treating 
diabetes mellitus in our continent and throughout the world, 
the mechanism of action of most of the drugs have not been 

fully defined likewise their toxicity have not been fully known. 
Many botanical drugs are also being screened for their efficacy, 
safety and dosage in the management of diabetes mellitus. In 
developing countries, Medicinal plants play a central role in the 
diabetes mellitus management probably because resources are 

4limited . Management of diabetes by the infusion of insulin and 
the use of oral hypoglycemic drugs is not enough so patients are 
always exposed to long-term complications. Some herbs and 
spices have shown positive scientific results to be effective and 

5non-toxic in the management of diabetes mellitus .
Mangifera indica is a commonly used herb in ayurvedic 
medicine. Its potential as an antiseptic, anti-fungal, 
a n t h e l m i n t i c ,  t u m o r  s u p p r e s a n t ,  a n t i - a l l e r g i c ,  
immunomodulation, hypolipidemic, hepatoprotective, 

6gastroprotective have also been reported .
Alzheimer's dementia and diabetes mellitus have both been 
linked with memory loss. This has make Neuroscientist to link 
Alzheimer's dementia to diabetes by naming it “type 3 

7diabetes” because insulin is also found in the brain . Alzheimer's 
dementia have both type 1 and 2 diabetes as risk factor and 
recent work have reported that insulin has several functions in 
the brain including neurotrophic, metabolic and endocrine, 

8,9being fully involved in memory and neuronal survival . More 
work needs to be done to established the regions of the brain 
that are affected in diabetes. The prefrontal cortex is involved in 
cognitive and memory functions.
This present work investigated if administration of Mangifera 
indica can ameliorate the effects of memory loss in the 
prefrontal cortex in an alloxan-induced diabetes Wistar rats 
using histological, behavioural and biochemical techniques.
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as the earlier ones before the rats were allowed to explore them 
for 5 min which is the test phase. The exploration of an object by 
a rat means touching the object with its nose or forepaws at a 
distance of 2 cm. Revolving around the object without straight 
exploration was not accepted. Olfactory cues and dirt was 
avoided on the apparatus and objects during the trial period by 
cleaning with 20% ethanol. The Recognition index was 
calculated as follows:
Recognition index (%) = 

Termination of Treatment: After the last dose of the extract was 
given, 24 hours later the rats were anaesthetized with ether 
(Sigma, MO). Each rat head was removed and a brain forceps 
was used to remove the brain. The most anterior part of the 
brain immediately after the olfactory bulb was considered as 
the prefrontal cortex, this part of the brain was either fixed for 
histology or blended for biochemical assays in formol-calcium 
or ice-cold 0.2M sucrose solution (pH 7.4, 0.1 M) respectively.
Biochemical and Histological Processing: The blend from each 
rats were centrifuged at 500 xg for 10 minutes. Markers of 
oxidative stress and total protein were assayed in the 
supernatant. While Biuret Method was used to assay the total 

12 13 14Protein , the Ohkawa et al.  and Misra and Fridovich  methods 
were used to assay the tissue malondialdehyde (MDA) and 
superoxide dismutase (SOD) respectively. Furthermore, the 
prefrontal cortex which have been fixed in formol-calcium were 
dried out and implanted in paraffin. A rotary microtome was 
used to cut the embedded tissues into an eight micrometer 
thick sections before they were stained using the Hematoxylin 

15and Eosin method, as described by Bancroft and Stephens . 
MW1-HD2 digital microscope was used in getting the images.
Statistical Analysis: All data were expressed as mean ± SEM. The 
means were analyzed by one-way analysis of variance (ANOVA), 
followed by the Bonferroni post-hoc test. Statistical significance 
was set at P<0.05.

RESULTS

Blood Glucose Level: The blood glucose responses in the 
experimental groups are shown in the table below. On the 28th 
day of treatment, there was no statistical difference in the blood 
glucose levels of all the treated groups when compared to the 
control except in the untreated diabetic rats, where there was a 
significant increase (P<0.05) in the blood glucose level.
Values represent mean ± SEM (mg/dl); * represent P<0.05 
significantly different from control group 
Biochemical observation: There was no significant difference 
(P>0.05) between the activities of the MDA and SOD of the 
control and the mangifera indica-treated groups. The SOD level 
of the diabetes untreated group decreased but not statistically 
different from the control (P<0.05) (figure 1). While the MDA 
level in the untreated group increased significantly from the 
control (Fig-2)
Behavioral observation: During the short term memory test, 
diabetes untreated rats did not show any liking toward the new 

METHODOLOGY

The research work was carried out between 7th February and 
3rd April of 2013, at the Department of Anatomy, University of 
Ilorin, Nigeria. Twenty-five Male Wistar rats with an average 
weight of 180g were bred in the animal holding of the 
department of Anatomy, university of Ilorin and sustained on 
rodent pellet from Bendel Feed (Ewu, Nigeria).
Throughout the experimental period, the environment had an 
equal light and dark hour daily with an average temperature of 
24 °C while the rats were maintained by Institutional Animal 
Care and Use Committee (IACUC) standard.
Preparation of Extract: Fresh leaves of mango tree were 
plucked within the premises of the college of health sciences 
and authenticated at the department of Plant Biology of the 
University. The leaves were left in the dark under room 
temperature after washing carefully. After the leaves were 
dried, an electric machine was used to convert it to powder 
form. 100g of the powdered leaves were soften in 1Litre of 
distilled water for 24hours and then filtered to attain the water 
extract. The water extract was left to dry under vacuum using a 
rotary evaporator and the filtrate was stored at -20°C until used.
Induction of Hyperglycemia: 10 male Wistar rats were 
separated to be used for the diabetic control and extract control 
(Group A and E). They were neither fasted nor given alloxan. 15 
male Wistar rats were fasted all night for 10 hours. 
Hyperglycemia was induced by injecting alloxan monohydrate 
(Sigma, USA) into each of the fasted rats at 150 mg/ Kg body 
weight intraperitoneally after dissolving the alloxan in normal 
saline.
The 10 male Wistar rats for control were administered the 
vehicle solution (normal saline) intraperitoneally. After 7 days of 
induction of alloxan, the glucose oxidase method was used to 
assay the blood glucose level of the treated group using an Accu 
Chek glucometer. Only animals whose level of blood glucose is 
higher than 300mg/dl were used for further treatment.
Extract Administration: Mangifera indica extract was orally 
given to the groups of hyperglycaemic rats at an hour between 
7:00a.m – 9:00a.m for 28 days. Group A and B received only the 
vehicle (distilled water). Group C, D and E received 10mg/kg, 
20mg/kg and 20mg/kg of mangifera indica respectively.
Blood Glucose level Estimation: In the control, untreated 
diabetic and magnifera indica-treated groups, weekly blood 
glucose level was checked using the glucose oxidase method.
Novel object recognition test

10The modified type of the Novel object recognition test  was 
used to access the short-term memory. The gadget consisted of 
a rectangular outline made of translucent plastic. The animal's 
behavior was observe and recorded for subsequent analysis by 
a video camera. Five days before the test, the rats were exposed 
to the translucent plastic in a test room for 10 min/session/d. On 
the 6th day of exposure which is also the day 28 of treatment, 
each rat was placed in the center of the translucent plastic and 
shown 2 matching objects for 5 min which is the trial phase 
before it was taken back to its cage. 1 hour retention interval 
was used, during which a novel object was used to replace 1 of 
the 2 objects. The novel object was placed at the same locations 

Time spent on new object
Total time spent on rearing both old and new object

×100
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TABLE-I: COMPARISON OF BLOOD GLUCOSE RESPONSES IN ALL GROUPS AT DIFFERENT INTERVALS OF INTERVENTION (n = 5)

Group

 (A) Control

B (Diabetes untreated)

C (10mg/kg )

D (20mg/kg)

E (Extract only)

Pre 1st Week

110±3

450±20*

390±17*

400±16*

110±6

1st Week

115±5

470±23*

410±21*

420±19*

115±7

2nd Week

120±8

430±20*

350±20*

340±20*

102±6

3rd Week

109±10

410±19*

210±19*

187±10*

98±4

4th Week

115±11

340±19*

130±16

125±6

106±4

D

FIGURE 1: PREFRONTAL SUPEROXIDE DISMUTASE LEVELS.
BAR REPRESENTS MEAN ± SEM * REPRESENT P<0.05 (n = 5)

FIGURE-3: SHORT TERM MEMORY USING NOVEL OBJECT
RECOGNITION TEST PERFORMED ON THE RATS

AT 28 DAYS OF TREATMENT (n = 3)

FIGURE 2: PREFRONTAL MALONDIALDEHYDE LEVELS.
BAR REPRESENTS MEAN ± SEM * REPRESENT P<0.05 (n = 5)

HISTOLOGICAL OBSERVATIONS

E

(Fig-4: A-E:shows photomicrographs of the prefrontal cortex of 
rats in Group A to E and sacrificed after 28 days of treatment. 
Vacuolations is prominent in the untreated diabetic group 

object. In opposite, mangifera indica-treated rats spent 
significantly more time exploring the novel object. The control 

(black arrow), while well-stained nuclei of the neurons are seen 
in the control and mangifera indica-treated groups H&E x400).

also spent a significant time exploring the novel object.
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treatment with aqueous leaf extract of mangifera indica 
produces normoglycaemia in hyperglycemic rats, its possesses 
no adverse effects on neuronal histology and is not neurotoxic. 
Thus, alternative approach to the management of diabetes 
mellitus and Alzheimer's dementia in human may thus include 
the use of the leaf extract of mangifera indica as an anti-diabetic 
therapy pending further studies.
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DISCUSSION

Both high and low glucose levels are threat for neurostructural 
and cognitive mutilation in diabetes mellitus. White and grey 
matter destruction of the brain in diabetic human and animals 

16have been reported . The sequential sequence of diabetes 
mellitus is connected with different levels of cognitive loss in 

17 18human  and animals . The morphological changes and 
mechanisms driving such diabetes-related neurocognitive 
mutilation are also becoming popular.
Type 2 diabetes patients are more prone to Vascular and 

19 20Alzheimer's dementia . It has been reported by Reaven et al.  
that results from cognitive tests measuring learning, logic and 
compound psychomotor feat was contrarily proportional to 
glucose control in a small sample of people with type 2 diabetes, 
this is similar to the findings in the diabetic rat that show no 
preference toward the novel object unlike the mangifera indica 
treated rats that show preference toward the novel object. 
Alzheimer's dementia and diabetes mellitus has been 
suggested to share common abnormalities and disrupt 

21common cellular and molecular pathways . They also reported 
that Alzheimer's dementia potentiates the progression of 
diabetes mellitus and vice versa.
The level of the prefrontal antioxidant assayed was significantly 
different in the diabetes untreated rats compared to the 

22control, this is in accordance with the findings of Erejuwa et al.  
who reported that there is increased oxidative stress in 
diabetes; but with the treatment of the diabetes rats with 
mangifera indica, the level of superoxide dismutase was 
increased while the malondialdehyde level was decreased, the 
mechanism by which mangifera indica does this is still unclear 
but phytochemical analysis has reported the leaves of 
mangifera indica to contain viamag which showed a noteworthy 
inhibitory potential on the peroxidation of rat brain 
phospholipid and prohibited DNA loss caused by bleomycin or 

23copper-phenenthroline systems . Another reason for the 
antioxidant properties of mangifera indica could be due to the 

24existence of mangiferin as its chief component .
At the end of 28 days of treatment with aqueous extract of 
mangifera indica, normoglycaemia has been restored in the 
mangifera indica treated groups; this is similar to the finding of 

25 26Aderibigbe et al.  and Morsi et al . It has been reported 
previously that mangifera indica mechanism of action is by 
increasing release of insulin from pancreatic beta cells thereby 

27causing Intestinal reduction of absorption of glucose .
In contrast to the findings in the alloxan-induced untreated 
diabetic rats, histological and biochemical studies from the 
mangifera indica treated groups suggest that chronic 
administration of mangifera indica to rats is not associated with 
neuronal injury. As shown above, neuronal microanatomy of 
mangifera indica-treated rats was comparable to the control. 
Besides, the anti-oxidant level of the mangifera indica-treated 
rats suggests that its oral administration to diabetic rats does 
not produce neurotoxicity.

CONCLUSION

The result from the present experiment show that chronic 
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