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ABSTRACT
Background and Objectives: Diabetes mellitus is currently a major health problem and one of the most common endocrine 
diseases in the world especially in many developing countries. Treatment of diabetes have always included the administration 
of insulin and oral hypoglycemic agents in conjunction with lifestyle modifications. These treatments offer effective glycemic 
control however present limitations. Hence, traditional anti-diabetic plants have become popular in the management of diabetes 
mellitus.
Methodology: Diabetes mellitus was induced in 20 Wistar rats using a single injection of streptozotocin (50 mg/kg) 
administered intraperitonially. The rats were divided into four groups (3-6) of 5 rats each. Rats in group 3-6 received olive oil, 
100mg/kg of extract, 200mg/kg of extract and insulin (6IU/kg), respectively. 10 non-diabetic rats were grouped into 1 and 2. 
They received olive oil and 200mg/kg of extract, respectively for 28 days. At the end of the study, the pancreas were removed 
and it was subjected tissue preparation.
Results: There was an improvement in the area of pancreatic islets in the groups treated with the extract and insulin. The islet 
cells in the diabetic group were atrophied with pyknotic and karyolitic cells. The mean number of pancreatic islets, pancreatic 
diameter and number of beta cells in the extract treated groups were significantly (P<0.05) increased when compared to the 
untreated diabetic rats. 
Conclusion: n-haxane extract of Leptadenia hastata was found to have anti-diabetic and hypoglycemic properties and was also 
shown to improve the number and size of pancreatic islets in treated animals.
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INTRODUCTION                                    	                

Diabetes mellitus (DM) at present is a major 
health problem and one of the most common 
endocrine diseases in the world[1]. At least 90 million 
people throughout the world suffer from diabetes 
mellitus[2]. Despite the great efforts that have been 
made and are being made in understanding and in 
the management of diabetes, the disorder and its 
debilitating conditions are continuing to increase 
unabated[2,3]. Diabetes mellitus is a medical disorder 
which is often characterized by increased level of 
blood glucose which is a consequence of impaired 
or deficient insulin production, insulin resistance or 
both[1- 4]. It is also associated with long-term damage 
to various organs including the eyes, liver, kidneys, 
nerves, blood vessels and it may cause degenerative 
diseases in the central nervous system[3,4,5], there is 
also danger of long time organ failure, blindness, 

amputation and premature death[4,5]. The management 
of diabetes is further complicated by the high cost of 
conventional drugs used in management of diabetes, 
the relatively high incidence of toxicity and side 
effects of these medications and the unavailability of 
orthodox drugs in many rural areas[5,6]. Considering 
the physiopathology of diabetes, a form of medication 
that would prevent beta cell and or pancreatic islet 
degeneration and stimulating the endogenous 
regeneration of islets will be in treatment of diabetes. 
There is also a need for medication for management 
of diabetes which has minimal side effect, is readily 
available and also affordable to many individuals who 
are suffering from the disorder. According to World 
Health Organization (WHO), approximately 80% of 
the world population currently use herbal medicines 
in treatment and management of many ailments but 
only a very little percentage of these herbs (6%) have 
been studied for biological activity[5- 7]. Hence, there 
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is a need to increase the study of herbal medication 
which are beneficial in treatment of many ailment 
and for this reason, herbal medication and plants 
have been suggested as a rich, as yet unexplored 
source of potentially useful anti-diabetic drugs. 
However, only a few have been subjected to detailed 
scientific investigation especially as these plants have 
been used for many centuries for treating various 
ailment. Leptadenia hastata is one of these plants 
used locally as an herbal medication. It is a voluble 
herb with creeping latex stems, glabescent leaves, 
glomerulus and racemes flowers as well as follicle 
fruits. It is a palatable, non-domesticated vegetable 
found in wild throughout Africa[8]. Its documented 
usage in herbal medicine includes treatment against 
milk drying, sex-impotence, trypanosomosis, 
acute rhinopharyngitis and wounds[8,9], it has been 
reported to have hypoglycemic and hypolipidaemic 
properties[10], cure prostate and rheumatism 
complaints and promote sexual potency[11]. A more 
informed research study on the effect of this herb on 
the histology of the pancreas would increase the store 
of available knowledge about this herb. As well as 
studying the histological function of the n-hexane 
extract of Leptadenia hastata, this research study 
also aims to study the effect of the extract on the 
morphology of the islets cells. Many researchers[12- 16] 
have studied the size, number and histo-architecture 
of the pancreatic islets as a parameter for testing an 
herbal preparation’s effectiveness in restoring or 
promoting regeneration of pancreatic islet cells. An 
obvious increase in the weight of the pancreas, the 
size of the islets of Langerhans and improvement in 
the histo-architecture should be evident in the treated 
groups compared to untreated ones[7, 12- 13]. This study 
was aimed at determining the effect of Leptadenia 
hastata on the histology of pancreatic islets as well as 
observing its effect on islet size and shape in diabetic 
and non-diabetic rats.

Methods

Chemicals and Reagents

Streptozotocin (Bristol Scientific Company, 
Missouri, United States), soluble insulin injection 
(Novo Nordsick, Denmark) were commercially 
purchased. Sodium citrate granules (BDH chemicals, 
Poole, England) and citric acid granules (BDH 
chemicals, Poole, England) were dissolved in distilled 
water to make citrate buffer in which streptozotocin 
powder was dissolved in, Combostik11 Urinalysis 
strips (DFI Co, Ltd, Iran) was procured from a 
pharmacy and also from the University of Maiduguri 
Teaching Hospital, Maiduguri.

Preparation of Plant Materials

Collection, Identification and Storage of Plant 
Material

Leptadenia hastata was collected from a garden 
in the University of Maiduguri, Borno State, 
authenticated by a plant taxonomist, from the 
Department of Biological Sciences, Faculty of 
Science, University of Maiduguri. The leaves were 
harvested, washed and shade dried for a period of 
two weeks and then ground to powder using a mortar 
and pestle. The powder was sieved to obtain the fine 
powder, it was then labeled and stored for use.

Extraction of Plant Material

Maceration technique as described by[17] was 
used for extraction in the present research work. 
The leaf powder weighing 500g was dissolved in 
3 liters of n-hexane in a 5 liter stoppered container. 
Maceration involved soaking the plant which is 
allowed to stand at room temperature for a period of 
3 days at the minimum with periodic agitation. The 
process softened and disrupted the plant’s cell wall 
to release the soluble phytochemicals.  After 3 days, 
the mixture was filtered using Whatman’s filter paper. 
The resulting n-hexane filtrate was concentrated 
to dryness in-vacuo using an evaporator and the 
resulting powder was kept in an air–tight container 
and refrigerated. 

Experimental Induction of Diabetes in Rats 	

Hyperglycemia was induced in overnight fasted 
albino Wistar rats by a single intra-peritoneal 
injection of 50mg/kg streptozotocin (Bristol-Sigma, 
Bristol Scientific Company, Missouri, United States 
of America)  dissolved in 0.1M ice-cold sodium 
citrate buffer, (pH = 4.5), immediately before use in 
a volume of 1ml/kg body weight  as described by[18]. 
Hyperglycemia was confirmed by the elevated plasma 
glucose levels determined in tail blood sample using 
acu-check glucometer (Roche, Germany) after 72 
hours of induction. Rats whose fasting blood glucose 
levels exceeded 250mg/dl (13mmol/dl) after one 
week were considered as diabetic and used for the 
study[18- 20]. Urinalysis was also carried out to confirm 
diabetes in all groups according to a method adopted 
by[21].

Animal Treatment

A total of thirty rats (20 diabetic and 10 normal) 
of either sexes aged 68- months old and weighing 
about 120- 160g. They were kept under standard 
environmental conditions and temperature. Water 
and industrialized dry pelletized food (ECWA 
feeds, Jos) were available ad libitum. The rats were 
divided into 6 groups of 5 animals each: Group 1 
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consisted of non-diabetic rats who were administered 
olive oil. Group 2 were also non-diabetic and were 
administered 200mg/kg of extract. Groups 3- 6 were 
diabetic groups: Group 3 received olive oil, Group 
4 was treated with 100mg/kg of extract and Group 
5 received 200mg/kg of extract. Group 6 rats were 
treated with insulin (6IU/kg) as described by[4, 8]. This 
treatment commenced after diabetes was confirmed 
and continued for a period of 28 days. Olive oil 
was used as vehicle to dissolve n-hexane extract of 
Leptadenia hastata which is insoluble in distilled 
water.

Tissue Preparation

The rats were sacrificed at the end of the 
experiment and the pancreas were recovered and its 
gross features were observed. The pancreas were then 
preserved in 10% formalin prior to further preparation 
and staining with heamatoxylin and eosin as well as 
modified aldehyde fuchsin to highlight alpha and 
beta islet cells[22- 29]. The nuclei of alpha cells appear 
bluish with large, pink staining cytoplasm, whereas 
the smaller beta cells had black nuclei[28, 29]. Other cell 
types are not easily distinguishable[29].

Morphometric Analysis of the Pancreas

This was carried out with a linear scale-ocular 
micrometer and an area-measuring grid on the 
Amscope software. The ocular micrometer was 
calibrated with a 1 mm stage micrometer (Graticles 
Tonbridge, Kent, England). Thirty histological 
stained sections (five from each group) were used for 
the morphometric analysis. Islet outline and shape 
were examined at different magnifications in the non-
serial pancreatic sections to estimate the number of 
islets in each section of the pancreas for each group, 
the area of the pancreatic islets and the number of 
beta cells of the pancreatic islets

The islet area was measured in each pancreatic 
section at 400X´ magnification using the area 
calibrated by the ocular micrometer to determine the 
difference in circumferential diameter in all groups. 
The number of islets and the area of pancreatic 
tissue were quantified in these sections at 400X 
magnification using the Amscope software.

The number of islets in the slides examined 
were determined by the cumulative average of 
number of islets per microscopic slide. The b-cells 
were determined by direct counting method at a 
magnification of 400X and zoomed by 10% using the 
ocular grid on the Amscope software and the point 
counting method of [30] and was used to estimate the 
numerical density of the beta cells as demonstrated 
by[12,13].

Statistical Analysis

Data was statistically analyzed using GraphPad 
InStat software (version 3.75) by using One-way 
Analysis of Variance (ANOVA)  and expressed as 
mean ± SEM and percentage followed by Bonferroni 
Multiple Comparisons Test. p<0.05 was considered 
to be statistically significant.

RESULTS                                                                               

Histological Observations in the Pancreas 

The micrographs of the pancreas stained with H and 
E is shown as Figures 1 A-F. Figure 4.7A and B depicts 
non-diabetic pancreas which are both characterized 
by a cluster of islet cells and the exocrine pancreas 
surrounding the pancreatic islets. The islet appeared as 
pale spheroid masses with rich vascular supply. Each 
islet consists of numerous cells with centrally located 
spherical nuclei. Beta cells are the most abundant cells 
and occupy the core of the islets and contain numerous 
granules. Alpha were observed at the periphery of the 
islets. The diabetic groups (Figure 1C-F) had greatly 
reduced number of islet cells which are as a result 
of induced diabetes in these groups. The diabetic 
control group (Figure1 C) showed islet cells which 
were poorly differentiated. There was decreased islets 
cellularity which was characterized by severe atrophy 
of pancreatic islets and greatly reduced number of cells 
in the pancreatic islet. The pancreatic islets in this group 
appeared to have very fewer in number and the sizes 
of pancreatic islets were also greatly reduced in this 
group. There was an increase in the volume of islets 
and number of cells found in the islets in groups treated 
with 100mg/kg and 200mg/kg of the extract (Fig 1 D 
and E) and in the insulin-treated group (Figure 1F).

Figure 2 A-F depicts the micrograph of pancreatic 
tissue stained with modified aldehyde stain to 
highlight alpha and beta pancreatic cells. The beta 
cells in the diabetic group were very few in number 
(Fig. 2C) and the islets were atrophied with pyknotic 
and karyolitic cells. In the groups that were treated 
with the extract and insulin, there was an increased 
number of islet cells as observed in Figures 2D-F.

Figures 3A and B shows the micrographs of 
pancreatic tissue stained with heamatoxylin and eosin 
and modified aldehyde fuchsin stains, indicating 
alpha and beta cells.

The mean number of pancreatic islets, pancreatic 
diameter and number of beta cells in the extract treated 
groups (IV and V) were significantly (P<0.05) increased 
when compared to the untreated diabetic rats (group 
III). These parameters were also significantly (P<0.05) 
increased in the insulin treated rats (group VI) [Table 1] 
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Fig. 1: The micrographs of pancreas in rats after 28 day oral toxicity study showing islet of Langerhans (black arrow) and pancreatic acinar cells (white arrow) 
Groups I (A), II (B), III (C), IV (D), V (E) and VI (F). H & E X 100

Fig. 2: Photomicrographs of pancreas in rats in all groups after the 28 day oral toxicity study showing beta cells in the pancreatic islets. Black arrow – Beta 
islet cell. Groups I (A), II (B), III (C), IV (D), V (E) and VI (F).  Modified Aldehyde Fuschin X 200
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Fig. 3: Photomicrograph of pancreatic tissue from the control group stained with modified aldehyde fuchsin (A) and Heamtoxylin and Eosin (B) showing alpha 
cells (white arrows) and beta cells (black arrows) X400

Table 1: Morphometric analysis of the pancreas

Groups Treatment Mean Number of Islets Pancreatic Islet Area (µm2) Number of Beta Cells

I - 26± 5.0a 192.2 ± 7.2a 248.2 ± 7.5a

II Extract (200mg/kg) 23 ± 2.0a 145.2 ± 10.8b 233.3 ± 4.4a

III - 13 ± 3.0c 110.2 ± 8.7c 59.9 ± 3.5b

IV Extract (100mg/kg) 19 ± 7.0a 170.4 ± 14.1a 165.3 ± 2.6c

V Extract (200mg/kg) 17 ± 2.0b 152.4 ± 10.1b 125.5 ± 7.1c

VI Insulin 17± 2.0b 163.2 ± 11.5b 169.3 ± 1.6c

The values are expressed as mean ± SEM. The values are expressed as mean ± S.E.M expressed (n = 5). Values in the same column with different superscript 
are significantly different at P<0.05. Values in the same column with same superscript are not significant.

DISCUSSION                                                                  

The administration of the L. hastata had a 
hypoglycemic effect on the diabetic animals and 
it increased beta cell numbers, islet diameter in 
diabetic rats, reduced beta cell apoptosis in pancreatic 
islets, increased the number of insulin-positive beta 
cells in the islets, reduced islet degeneration and 
necrosis as well as increased proliferation of beta 
cells. The diabetic group that was not treated with 
either insulin or extract exhibited severe necrosis as 
well as an absence of islet cells which could be as a 
result of destruction of these cells by streptozotocin, 
however, in the treated groups, there was a marked 
improvement in the islet cells proving that the 
extract may had promoted islet beta cell survival, 
preserved islet mass or stimulated the regeneration of 
endogenous pancreatic beta cells. This corresponds 
to studies carried out by[7, 31].  The exact mechanism 
by which the extract preserved the beta and other 
pancreatic islet cells was not studied in the present 

research study, however, phytochemical analysis of 
n-hexane extract of Leptadenia hastata revealed the 
presence of steroids, cardiac glycosides, terpenes and 
triterpenoids. The presence of these compounds were 
reported by[32, 33].

Terpenoids which belong to an important class of 
natural products and several terpenoids have been 
reported as anti-diabetic agents[34- 39]. 

The administration of n-hexane extract Leptadenia 
hastata also significantly  increased the mean area of 
the islets in streptozotocin-induced diabetic rats and 
the mean size of the islets of Langerhans as well as 
number of beta cells when compared with the diabetic 
untreated group.  The data of the current work is in 
agreement with many researchers who reported that 
several other plant extracts succeeded in restoring 
the pancreatic weight in diabetic rats by repairing or 
regenerating pancreatic beta cells[14, 16, 40- 41].
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Leptadenia hastata has been locally used to treat 
diabetes and also for other various remedies.  The 
extract administered to non-diabetic rats in group 
II had a significantly reduced islet area compared 
to the control group and this could be the result of 
the effect of the extract on healthy pancreatic tissue. 
In this group, there were many islets with smaller 
diameters and these could represent newly formed 
pancreatic islet cells. The extract may play a role in 
promoting the growth of new islets.[7, 10, 31] researched 
the hypoglycemic effect of Leptadenia hastata and 
suggested the possible mechanism of the extract to 
include the stimulation of β-cells to replicate and/
or regenerate, subsequent release of insulin and 
activation of the insulin receptors. It may also be linked 
to the inhibition of the alpha-glucosidase activity[42] 
discovered that the mean weight of several organs 
were increased comparatively as observed from 200 
mg/kg body weight through to 500mg/kg body weight 
when compared with the control group after being 
administered with Leptadenia hastata extract and that 
suggested that the extract had a hypertrophic effect on 
several organs and suggested further studies in case 
of prolonged exposure to higher concentrations of the 
extract. However,[43]suggested that Leptadenia hastata 
could be safe for oral consumption even at chronic 
administration. In the present study, administration 
of the n-hexane extract of   Leptadenia hastata at a 
dosage of 100mg/kg and 200mg/kg in streptozotocin 
induced diabetes mellitus has been shown to have 
hypoglycemic effect as well as has been shown to 
increase the size and number of pancreatic islet cells 
hence, the extract may have regenerative properties 
on the pancreatic islet cells. 

Recommendations for Further Study

The islet cells in the present study were highlighted 
with histological staining methods. For further study, 
immunochemistry should be used to highlight the 
islet cells and specifically demonstrate beta pancreatic 
cells.
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