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ABSTRACT 
Background: Plant flavonoid has emerged as the popular therapeutic nature drugs effective against a wide range of diseases 
including diabetes. Antidiabetic properties of extracted A. excelsa leaves have been proven in animal models. Therefore, the 
intention of this study was to explore other roles of A. excelsa and quercetin in preventing and managing diabetes complications. 
The purpose of this study was to evaluate the effect of A. excelsa on histology and insulin secretion changes in pancreas of diabetic 
rats induced with streptozotocin (STZ, 60 mg/kg b.wt). Methods: Five groups with six male Sprague-Dawley rats in each group 
were treated as follows: Group I Normal control (NC) saline; Group II Diabetic control (DC) saline; Group III Diabetic treated with 
metformin (DMET) (1000 mg/kg b.wt); Group IV Diabetic treated with A. excelsa (DAE) (250 mg/kg b.wt) and Group V Diabetic 
treated with quercetin (DQ) (40 mg/kg b.wt). All treatments were given once daily for 8 weeks. Subsequently, insulin resistance 
was assessed by using homeostasis assessment model of insulin resistance (HOMA-IR), quantitative insulin sensitivity check index 
(QUICKI) and the insulin/triglyceride-derived McAuley index. The histological changes in the pancreas were observed on 
hematoxylin-eosin (H&E) stained tissue. Results: Both A. excelsa and quercetin were found to improve insulin level and promote 
β-cells replenishment. Therefore, ethanolic extract of A. excelsa depicted a potential to ameliorate pancreas in diabetic rats better 
than the common drugs metformin. Conclusion: These results emphasize that both A. excelsa and quercetin could be the potential 
agent to attenuate pancreatic oxidative damage and advocate their therapeutic potential for treating DM. 
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INTRODUCTION 

 

 Diabetes is one of the world’s oldest symptoms and it has been centuries since this syndrome was first 

recognized [13]. At least 7 million individuals were diagnosed with diabetes each year and involved about 347 

million people worldwide. In Malaysia more than 1.2 million people have been diagnosed diabetes. Diabetes is 

specifically known as diabetes mellitus (DM); separately discovered as Type I and Type II. This disorder occurs 

in all ages, among adults and children who experience a failure to control blood glucose levels and impaired 

ability to store glucose in the liver and muscle glycogen [37]. The imperilment in the cellular glucose 

consumption causes a rise of blood glucose level and this is a primary repercussion for diabetes. A high blood 

glucose level and the low insulin levels inhibit the transport of glucose across cell membranes leads to 

hyperglycemia [29]. DM occurs due to inadequate or malfunction of insulin produced by the pancreas, that lead 

to hyperglycemia and predominant causes chronic complication. Under chronic condition, DM adversely affects 
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the different parts of the body including bone, nerve, muscles, retina of the eyes, cardiovascular system and 

nephrons of kidney [20]. The worldwide increase in the prevalence of DM has highlighted the need for 

increased research efforts into treatment options for both the disease itself and its associated complications [11]. 

Improvement of glycemic control along with insulin and pancreas of diabetic patients is an important approach 

against this epidemic. 

 Azadirachta excelsa (Jack) Jacobs (marrango or Philippine neem tree) is a species of the genus Azadirachta, 

the family of Meliaceae. Another species of the genus Azadirachta is A. indica (Indian neem tree). Comparisons 

on the properties of A. excelsa with A. indica showed many similarities but clear differences. A. excelsa is a 

plant of lowland monsoon forests in Southeast Asia which tolerates greater rainfall, whereas, A. indica thrives in 

hot dry regions [34]. Bioassays of the leaves, bark and seed extracts of both species against insects revealed 

greater bioactivity for A. excelsa. The leaves extract of A. excelsa which mainly contains azadirachtin has been 

proven to give promising effect as an antioxidant, antimicrobial, antimalarial, antiseptic agent and antidiabetic 

properties in animal models [26].  

 A study on qualitative phytochemical screening by Shafie et al. [35] revealed that A. excelsa ethanolic 

leaves extract consists of strong flavonoids with moderately presence of tannins, triterpenes and steroids. 

Flavonoids are the important secondary metabolites under polyphenols group that act as antioxidants or free 

radical scavengers [21]. Therefore, A. excelsa might possessed highest constituents of quercetin because a very 

close tree species of aqueous extract of A. indica leaves contained flavonoid which was quercetin that helped in 

reducing glycemia in streptozotocin diabetes animal model [7]. Tannins are phenolic compounds that contribute 

to the antidiabetic effect of the plant as observed in Ficus deltoidea where insulin mimetic and sensitizing 

activities were recorded [1]. The presence of triterpenes and steroids in A. excelsa was also consistent with other 

researchers’ findings might contribute to the antidiabetic effect. For examples, nimbin and nimbidin triterpenes 

from A. indica seed oil managed to delay the rise of glucose level in an oral glucose tolerance test in rabbits 

[31]. Therefore, a study by Nurul`Izzati et al. (2013) showed A. excelsa leaves extract was also able to improve 

the liver catalase activity in rat models and helped to improve plasma insulin secretion and decreased the levels 

of fasting blood glucose and glycated haemoglobin (HbA1c) [27].  

 This study suggests that ethanolic extract of A. excelsa possesses a great potential to treat DM based on the 

identified compounds that might work as a synergy and hence, enable this extract to exert an antidiabetic effect. 

It is expected that A. excelsa leaves extract might protect destruction of pancreas caused by diabetes. A. excelsa 

might help in regeneration of islet of Langerhans of pancreas and ameliorate the pancreas structure. Successful 

investigations, precise insights on the mechanism underlying the protective effect of A. excelsa on diabetes may 

contribute to a finding of the new alternative therapy for diabetic patients. 

 

Methodology: 

Plant material and extract preparation: 

 The leaves of A. excelsa plant (UKMB40314) were obtained from the Forest Research Institute of Malaysia 

(FRIM), Kepong, Kuala Lumpur. The leaves of A. excelsa plant were cut, dried and ground to form powder. It 

was then soaked in 70% ethanol at 1:10 ratio (100 g powder: 1000 ml ethanol) for three days at room 

temperature (27ºC). The ethanolic extract was collected in a conical flask. The mixture was filtered by using a 

vacuum pump, Buchner funnel and filter papers. The filtrate obtained was evaporated by using a rotary 

evaporator at 40°C [6]. A dark semi-solid paste obtained was stored at 4ºC for further use. 

 

Animals: 

 A total of 30 Sprague Dawley male rats aged three months old with body weight ranged from 150 g to 200 

g were used.   The animals were acclimatized for a week prior to be used in the experimentations. The rats were 

kept in cages and maintained under standard room temperature and exposed to 12 hours of light daily. Each rat 

was given free access to pellet food and water. The experimental protocols involving the use of rats as well as 

internationally accepted practices for the usage and maintenance of laboratory animals as contained in 

guidelines, reference number: UiTM CARE, 112/2015. 

 

Induction of Diabetes: 

 Diabetes was induced in Groups II, III, and IV. The rats were given intraperitoneal injection of 

streptozotocin (STZ) at the dosage of 60 mg/kg of body weight. Three days after the injection, the blood glucose 

concentrations were measured. The blood sample was obtained from the vein of the rat`s tail. Hyperglycemia in 

rats was confirmed from the increment of blood glucose above 11 mmol/L, hence, the rats were being selected. 

Experimental design and procedure: 

 Thirty rats were chosen for the experimentation. The rats were divided into five groups with six rats each.  

Group I  : Normal control (NC) rats were  

given saline only 

Group II  : Diabetic control (DC) rats with  



37        Nur Syimal`ain, A. et al., 2017/Advances in Natural and Applied Sciences. 11(13) November 2017, Pages: 35-42 

saline only 

Group III : Diabetic rats treated with 1000 mg/kg b.wt metformin (DMET)  

Group IV : Diabetic rats treated with 250 mg/kg b.wt ethanolic extract of A. excelsa (DAE)  

Group V  : Diabetic rats treated with 40 mg/kg b.wt of quercetin (DQ) 

 Metformin, ethanolic extract of A. excelsa and quercetin were dissolved in saline. A single dose of 

treatment was given daily by forced feeding for 8 weeks. General health and behavior of the animals were 

monitored during the experimental period.  Weekly fasting blood glucose (FBG) was determined by obtaining a 

drop of blood from the tail vein and the blood glucose level was measured directly using Accu-Check
®
 Performa 

glucose monitoring system. Food intake, water intake, body weight and urine output were measured in order to 

evaluate the treatment-related effects. 

 

Determination of insulin sensitivity: 

 Three indirect indexes for the assessment of insulin sensitivity were calculated using serum insulin, glucose 

and tryglyceride at the end of the experimental period. The HOMA index uses the formula described by 

Abuohashish et al. [2] while the quantitative insulin sensitivity check index (QUICKI) based on the logarithmic 

transformation. Accordingly, McAuley's index was calculated based on the increase of triglycerides levels and 

insulin according to the following equations:  

 

 

 

 

 

 
 

Histological assessment: 

 The pancreas was fixed in 4% formaldehyde embedded in paraffin blocks, sectioned at 4 µm, and stained 

with hematoxylin and eosin (H&E). All slides were examined using light microscopy (Motic BA410, Wetzlar, 

Germany) equipped with a digital camera (Moticam Pro 285A, Wetzlar, Germany) under a magnification of 

200.  

 

Results: 

Fasting Blood Glucose: 

 The means and standard errors of FBG in the entire groups are given in Table 1. The results of the time 

repeated measures ANOVA and MANOVA show significant group, time and interaction effect on FBG 

(p<0.05). The FBG concentrations in DC animals were increased by 38.70% compared to initial values, 

confirming the validity of the diabetogenic dose of STZ in this study. The treatment for 8 weeks with 

metformin, A. excelsa or quercetin resulted in a significant reduction in FBG. A. excelsa and quercetin 

treatments on the diabetic rats resulted in significantly decreased by 27.58% and 20.83%, respectively, 

compared to pre-treatment values of FBG. 

 

Insulin Sensitivity: 

 Homeostasis assessment model of insulin resistance (HOMA-IR), quantitative insulin sensitivity check 

index (QUICKI), the insulin/triglyceride-derived McAuley index and calculation on HOMA-B for β-cell 

dysfunction were estimated in order to assess changes in insulin sensitivity. As depicted in Table 2, serum 

insulin levels, HOMA-B, QUICKI and McAuley inde alleviated markedly in DC rats compared to NC rats. It 

was also found that STZ caused a significant increased in serum triglyceride and HOMA-IR index. Results 

showed that DAE increased the secretion of insulin. However, adhering to three indirect indexes used to predict 

insulin sensitivity, only quercetin had effect on insulin resistance and triglyceride levels. Nevertheless, quercetin 

failed to improve the HOMA-B scores, similar to that observed in all diabetic groups. Meanwhile, metformin 

showed gradual increment in triglyceride (56.9%, p<0.05) and had no effect on insulin secretion. 

Pancreas histology: 

 The histopathology of rat pancreas was shown in Figure 1. Microscopic investigation of pancreas sections 

of NC rats showed the normal appearance of islets of Langerhans. The islets appeared lightly stained than the 

surrounding acinar cells. The acinar cells are formed of pyramidal cells with basal nuclei and apical acidophilic 

cytoplasm. However, the DC rats showed pathological changes of both exocrine and endocrine components. The 
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acinar cells were swollen and small vacuoles were observed in almost all acinar cells. Interlobular ducts were 

lined with flattened epithelium. Islet β-cells were almost entirely lost in STZ-treated rats. 
 
Table 1: Mean fasting blood glucose level (mmol/L) among groups of the experimental animals. 

Group NC DC DMET DAE DQ 

Fasting blood glucose before treatment 

(mmol/L) ± SEM 

4.66 ± 

0.129a, x 

20.88 ± 

1.366b, x 

27.06 ± 

1.816c,z 

28.58 ± 

1.413c, z 

28.04 ± 

1.538c,z 

Fasting blood glucose end, of 
treatment(mmol/L) ± SEM 

5.16 ± 
0.157a, xyz 

28.96 ± 
1.353c,y 

17.70 ± 
1.772b,x 

20.70 ± 
2.189b, y 

22.20 ± 
1.554b,y 

Values are mean ± SEM. Supercripts a,b,c,d within a row showed significant difference at p<0.05. Supercripts x,y within a column are 

significant difference at p<0.05. 

 
Table 2: Effect of A. excelsa and quercetin on serum insulin, homeostatic model assessment-insulin resistance (HOMA-IR), quantitative 

insulin sensitivity check index (QUICKI) and McAuley index in STZ induced diabetic rats. 

Group Serum insulin 
(μIU/mL) 

Serum TG 
(mmol/L) 

HOMA-IR HOMA-B QUICKI McAuley 
index 

NC 4.16 ± 0.101b 0.31 ± 0.021a 0.90 ± 0.015a 60.86 ± 10.130b 0.390 ± 0.001c 13.46 ± 0.296c 

DC 1.58 ± 0.114a 2.38 ± 0.050c 2.14 ± 0.021d 1.19 ± 0.193a 0.341 ± 0.001a 9.34 ± 0.231ab 

DMET 1.77 ± 0.244a 2.88 ± 0.516c 1.52 ± 0.082b 2.38 ± 0.850a 0.359 ± 0.003b 8.58 ± 0.670a 

DAE 2.10 ± 0.309a 1.25 ± 0.226b 2.05 ± 0.016cd 2.35 ± 0.758a 0.343 ± 0.001a 10.62 ± 0.864ab 

DQ 1.68 ± 0.021a 1.36 ± 0.240b 1.92 ± 0.027c 1.52 ± 0.0675a 0.346 ± 0.001a 10.94 ± 0.386b 

Values are presented as means ± SEM. Supercripts a,b,c in a column differ significantly at p<0.05. 
 

 
 

Fig. 1: Hematoxylin-eosin staining of pancreatic sections from different experimental groups. (A) NC showing 

normal architecture of pancreas. The exocrine components of pancreas are closely packed by acinar 

cells and arranged into small lobules. Pancreatic lobules were separated by intact intralobular () and 

interlobular (*) connective tissue septa. The islet cells are seen interspersed between the acinar cells. 

The islets appeared lightly stained than the surrounding acinar cells. (B) DC revealed pathological 

changes of both exocrine and endocrine components. Edema with inflammatory cellular infiltrate in the 

pancreatic interstitium was observed (). The acinar cells were swollen and small vacuoles were 

observed in almost all acinar cells. Islet β-cells almost entirely lost in STZ-treated rats. (C) DMET 

shows distortion of pancreas. Most exocrine acini were damage represented by cytoplasmic vacuolation 

and cell atrophy.  Wider interlobular and intralobular duct were observed. (D) DAE displaying nearly 

normal structure of Islets of Langerhans. Atrophic change of the acinar cells was less severe and the 

border between exocrine and endocrine portions became more distinct. (E) DQ revealed slight 

regeneration of islets. The small vacuoles in the basal area of acinar cells were also much smaller. 

(Magnification 200x). 

 

Discussion: 

 According to the study, STZ induced diabetic rats significantly increased glucose blood levels. A. excelsa 

reduced the fasting glycemia of diabetic rats after the treatment. Such effect may be explained in part by either a 

decrease in the rate of intestinal glucose absorption or an increase in peripheral glucose utilization [17]. In this 

line, some authors have ascertained increased catabolism of glucose due to GLUT4 translocation to the plasma 

membrane in muscle and brown adipose cells [3], with upregulation of the uncoupling protein-1 in brown 

adipose tissue and hepatic gluconeogenesis [17], causing hyperinsulinemia or enhancement of peripheral 

glucose utilization [3].  

* 
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 A. excelsa protected the pancreatic cells from the adverse action of STZ. Moreover, a possible stimulatory 

mechanism on the few surviving β-cells has been considered, which could allow the release of more insulin 

[10]. Therefore, A. excelsa extract may act by stimulating the few remaining β-cells with the subsequent release 

of more insulin, instead of pointing to the regeneration of β-cells of the islets as responsible for the insulin 

increase. 

 Different reports have shown that the islets appear to be preferentially affected in diabetes by destruction of 

insulin-secreting β-cells [8]. In this respect, the damage to islets in diabetic rats treated with A. excelsa extract 

was reduced. There are reports suggesting that in diabetic rats, the administration of plant extracts can be 

effective in cell regeneration and restoration of islet size, even producing cell hyperplasia [10]. β cells have 

shown a remarkable potential for regeneration at the pre-clinical stage of diabetes which is a key question when 

addressing type 1 diabetes  [10]. In addition, some authors using a pancreatic islet cell line have reported that 

plant extracts play a role in stimulating insulin secretion in β cells. However, this does not seem to be the case 

for insulin-producing β-cells deteriorated by STZ. Hence, insulin levels were diminished in DC comparedto NC 

rats. This result was consistent with reports from other authors using STZ to induce type 1 diabetes in which 

they observed that STZ depletes insulin production by pancreatic β-cells [22]. 

 Notably, recognition on failure of glucose and insulin tolerance in STZ induced diabetic rat model is 

obviously known. Hence, insulin resistance becomes the main role in the pathogenesis of diabetes. Thereby, 

diabetes indirectly cause insulin resistance estimates based on fasting glucose and insulin levels which are valid 

predictors of insulin sensitivity. Further investigation on a group of homeostasis model assessment-insulin 

resistant such as HOMA-IR, QUICKI scores and McAuley index were endorsed in this study to verify STZ 

induced insulin resistance on diabetic rats [18]. It was remarkable that treatment either with metformin, A. 

excelsa or quercetin had the possibility of preventing or delaying the onset of diabetes complications.  

 The use of metformin, A. excelsa and quercetin had decreased the fasting glucose levels in diabetic rats 

after eight week oral gavage feeding treatment. Hence, administration of all treatments helps to increase the 

concentration of serum insulin in diabetic rats. These data suggest the anti-diabetic effect of metformin; A. 

excelsa and quercetin which help to conciliate the insulin pathway, since STZ induce diabetes model developed 

defective insulin secretion due to destroyed the pancreatic islets [32]. The results with the use of A. excelsa 

suggest a protective action on pancreatic islets that agree with other studies employing natural products which 

can promote the regeneration of pancreatic β-cells and improve insulin function (Mohamed, Yam, Ang, 

Mohamed and Asmawi, 2013). Other studies propose that medicinal plants possibly act in stimulating the 

insulin secretion from pancreatic β-cells in vivo and in vitro [15].  

 In addition, the treatment with A. excelsa had decreased hyperglycemia, increased insulin secretion and 

preserved pancreatic β-cells. Some plant sterols decrease the blood glucose through an insulin secretion 

improvement, potentiation, proliferation or accumulation of β-cells [17]. Besides, some other studies suggest 

that plant secondary metabolites promote regeneration of β-cells in the pancreas and in vitro study reveal that 

certain steroids stimulate the islets to secrete and release insulin [23]. A recent study by Shafie et al. [35] 

highlighted the flavonoids were found to be strongly presence in the A. excelsa leaves extract, while tannins, 

triterpenes and steroids were moderately found. Hence, a very close example of A. excelsa is A. indica, one of 

the tree species under the same genus. Therefore, the aqueous extract of A. indica leaves contained flavonoid 

which was quercetin that helped in reducing glycemia in streptozotocin diabetes animal model. In this regard, 

Chattopadhyay and reported Bandyopadhyay, [9] administration of A. indica leaves extract exhibited 

antihyperlipidemic activity due to the presence of active compounds such as Quercetin-3-O-B-D-glucoside, 

Myricetin-3-Orutinoside, Quercetin-3-O-rutinoside, Kaempferol-3-O-rutinoside, Kaempferol-3-O-B-D-

glucoside, Quercetin-3-O-L-rhamnoside isolated from the A. indica leaf extract. Moreover, tannins are phenolic 

compounds that might also contribute to the antidiabetic effect of the plant as found in Ficus deltoidea where 

insulin mimetic and sensitizing activities were observed [1]. The presence of triterpenes and steroids in this 

plant was also consistent with other researchers’ findings. For instance, azadirachtin and marragin, a triterpenoid 

of the class of limonoids were found in the seed kernels and leaves [25]. Triterpenes might as well contribute to 

the antidiabetic effect of medicinal plant. For example, nimbin and nimbidin the triterpenes from A. indica seed 

oil managed to delay the rise of glucose level in an oral glucose tolerance test in rabbits [31]. 

 Other reports indicated that extracts from natural products can protect β-cells by enhancing the islets 

function and restoring β-cells mass [4]. In addition, the proliferation and preservation of β-cells mass and 

function could be a better way to prevent diabetes (Sharma and Rhyu, 2015). In this sense, recently it has been 

suggested that this regeneration might happen through transdifferentation of β-cells that undergo a conversion 

into other endocrine cell types, providing a reciprocal relationship between β-cells and β-cells in diabetes [19]. 

A. excelsa showed a protective effect on the β-cell damage induced by STZ by regenerating action on pancreatic 

cells, and further support was observed with increase in serum insulin. 

 STZ used for the induction of diabetes is known to mediate the destruction of β-cells by establishing redox-

cycles, resulting in the formation of ROS which constitute the major inducer agents for cell damage and, hence 

diabetes in the rats [38]. Histological examination of the pancreas of DC rats showed a complete destruction of 
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pancreatic β-cells. The acinar cells were swollen and small vacuoles were observed in almost all acinar cells. 

The pancreatic β-islet cells are involved in insulin synthesis while the acini produce α-amylase enzyme, which is 

normally channelled into the gastrointestinal tract as part of pancreatic juice for the digestion of polysaccharide 

in diets [5]. The substantial drop in HOMA-B strengthens the deterioration of β cell function in animal models 

as lower HOMA-B index reflect the failure of pancreatic β-cell function. This is in agreement with the study 

which demonstrated that a single dose of 60 mg/kg STZ was capable to induce pancreatic β-cell destruction in 

rats and subsequent reduction of insulin secretion.  

 However, the present study supports the fact that A. excelsa rebuilt the destroyed islet and acini cells 

enabling them to perform their responsibilities. It was noticed that A. excelsa treatment involved in the process 

of pancreatic regeneration, restoration of size of Langerhans’ islets as well as β-cells repair. More important, 

serum insulin levels had markedly increased in DAE rats. The healing enhancing effect on the acini and β-cell 

were perhaps responsible in part, for the antidiabetic properties of A. excelsa. Its mechanism of antidiabetic 

action may. Therefore, be more likely associated with enhanced repairs of damaged β-cells and regeneration of 

new ones to increase the number of functional β-cells for appropriate synthesis of insulin. It is possible that 

some constituents of the extract may have mimicked or stimulated the actions of growth factors, hence, its 

ability to enhance the repair and regeneration of damaged pancreatic tissue. The study supports the use of A. 

excelsa leaves extract in the management of diabetes mellitus particularly the type 1 diabetes mellitus, this 

risible A. indica potential [5]. 

 Interestingly, the major components found in the ethanolic leaves extract of A. excelsa were 

polyunsaturated fatty acids (51.95%) while another 37.41% were saturated fatty acids and about 10.63% was 

made up of phytol [35]. DM is reported to elevate the synthesis of saturated fatty acids in the tissues and reduce 

the polyunsaturated fatty acid levels as polyunsaturated fatty acids are more prone to the reactive oxygen species 

(ROS) attack [33]. It has been proven that a dietary consisting of polyunsaturated fatty acids has significantly 

lowered the prevalence of steatosis in patients with type II diabetes mellitus [30]. As this ethanolic plant extract 

also contained higher polyunsaturated fatty acid levels, it could be a promising treatment for hyperlipidemia and 

tissue steatosis in type II diabetes mellitus. Meanwhile, phytol administration to the diabetic insulin resistant rats 

had been reported to successfully repress insulin and fructosamineto normal levels, decreased glucose, HOMA-

index and TNF-α levels and normalized serum lipid profile [14]. Thus, this present study suggests that ethanolic 

extract of A. excelsa possesses a great potential to treat diabetes mellitus based on the identified compounds that 

might work as a synergy and hence, enable this extract to exert an antidiabetic effect. 

 

Conclusion: 

 In conclusion, this study demonstrated that A. excelsa and quercetin promote β-cell replenishment and 

improvement of acinar cells. This raises the possibility of using A. excelsa and quercetin as a valuable ancillary 

treatment that could add a novel layer of protection for the β-cell. 
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