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Abstract: Diabetes type 2 is associated with impaired insulin production and increased insulin 

resistance. Treatment with antidiabetic drugs and insulin strives for normalizing glucose homeo-

stasis. In Ethiopian traditional medicine, plant extracts of Melia azedarach are used to control 

diabetes mellitus and various gastrointestinal disorders. The objective of this study was to clarify 

the antidiabetic effects of M. azedarach leaf extracts in diabetic type 2 experimental animals. In 

this study, mice were injected with Melia extract intraperitoneally. Plasma glucose was studied 

by using tail vein sampling in acute experiments over 4 h and chronic experiments over 21 days 

with concurrent insulin and body weight assessments. Glucose tolerance was studied by using 

intraperitoneal glucose (2 mg/g) tolerance test over 120 min. Gastric emptying of a metabolically 

inert meal was studied by the gastric retention of a radioactive marker over 20 min. Melia extracts 

displayed acute, dose-dependent antidiabetic effects in ob/ob mice similar to glibenclamide 

(p<0.05–0.001). Long-term administration of Melia extract reduced plasma glucose (p<0.001) and 

insulin (p<0.01–0.001) levels over 21 days, concurrent with body weight loss. Glucose tolerance 

test showed reduced basal glucose levels (p<0.05–0.01), but no difference was found in glucose 

disposal after long-term treatment with Melia extract. In addition, the Melia extract at 400 mg/kg 

slowed gastric emptying rate of normal Sprague-Dawley (p<0.001) and diabetic Goto-Kakizaki 

rats (p<0.001) compared with controls. It is concluded that the M. azedarach leaf extract elicits 

diabetic activity through a multitargeted action. Primarily an increased insulin-sensitizing effect 

is at hand, resulting in blood glucose reduction and improved peripheral glucose disposal, but 

also through reduced gastric emptying and decreased insulin demand.
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Introduction
The World Health Organization (WHO) Expert Committee on diabetes mellitus has 

recommended traditional medicinal herbs to be further investigated1 for the develop-

ment of new efficient antidiabetic drugs for the treatment of diabetes, and WHO has 

estimated that >1,200 plant species are used to treat diabetes, primarily in the develop-

ing world.2 These species represent >725 genera in 183 families, ranging from marine 

algae to higher plants.3 However, only  about 350 of them have been documented to 

present antihyperglycemic activity,4 and few have been subjected to rigorous scientific 

evaluation for safety and efficacy in human beings.5,6 

Melia azedarach Linn. belongs to the family Meliaceae and is an exotic plant that 

is well adapted to Ethiopian conditions. This plant is commonly available and grown 

as a street tree in many villages. From antiquity, every part of this tree has been used 

as traditional medicines for household remedy against various human ailments: the 
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plant has been traditionally used for the treatment of leprosy, 

inflammations, and cardiac disorders;7,8 its fruit extracts pos-

sess ovicidal9 and larvicidal activity;10 and the leaf extracts 

possess antiviral,11 contraceptive,12 and antioxidant activ-

ity.7 Recently, a bioactivity-guided chemical analysis of M. 

azedarach has shown antidiabetic activity with inhibitory 

effects on protein tyrosine phosphatase-1B enzyme as well as 

glucose uptake stimulation in C2Cl2 myoblasts cells.13 Even 

though it is used commonplace for the treatment of diabetes 

mellitus, its precise antihyperglycemic actions in vivo have 

not been studied in detail. 

The aim of the present study was to assess the antidiabetic 

properties of the Melia leaf extracts in spontaneously diabetic 

mice and rats to disentangle the antidiabetic properties of this 

plant and explore its mechanisms of action.

Materials and methods
Plant material and preparation of 
aqueous leaf extract
The leaves of M. azedarach were collected in the southern part 

of Ethiopia. The plant was identified by a taxonomist (Depart-

ment of Traditional Drug Development, Ethiopian Health and 

Nutrition Research Institute, Addis Ababa, Ethiopia). A voucher 

specimen (MA-2106) has been deposited in the herbarium of 

the institute; 1 kg of M. azedarach leaves was grounded by 

using an electrical mill. The powder was macerated in distilled 

water for 6 h. The maceration was carried out on a shaker, and 

lumps were removed by sieving through gauze. The solution 

was lyophilized overnight to yield 78 g of yellowish powder, 

and this powder, reconstituted in aqueous media, was used for 

studying antidiabetic effects in diabetic type 2 ob/ob mice and 

for determining the gastric emptying rate in rats.

Experimental animals
Male ob/ob mice (49–52 g, 10–18 weeks old) and male Goto-

Kakizaki (GK) rats (300–400 g) were obtained from the breed-

ing colony at Karolinska Institutet. Male Sprague-Dawley (SD) 

rats (300–350 g) were purchased from Scanbur BK AB (Sol-

lentuna, Sweden). All the animals were housed in wire-meshed 

cages at 24°C with constant humidity and 12:12 h light–dark 

cycle. The animals were fed ad libitum with a rodent pellet 

diet (R36 Labfor, Lactamin, Lantmännen, Kimstad, Sweden) 

and tap water, except when fasted before experiments, when 

animals had access to only water. Animal welfare and handling 

procedures were in accordance with the guidelines of the 

Guide for the Care and Use of Laboratory Animals which was 

published by the US National Institutes of Health (Publication 

No. 85-23). The experimental protocols were approved by the 

Northern Stockholm Animal Ethics Committee.

Study design
Short-term antidiabetic effects of M. azedarach leaf 
extracts
For this experiment, 30 ob/ob mice were randomly assigned 

to 5 treatment groups (each n=6). The mice were treated with 

intraperitoneal (IP) injections of the Melia extracts (ie, 200, 

300, and 400 mg/kg) or saline as a negative control and glib-

enclamide (5 mg/kg) as a positive control. Tail vein plasma 

glucose was measured at 0, 1, 2, 3, and 4 h posttreatment 

(Accu-Check, Roche Diagnostics, Indianapolis, IN, USA).

Long-term antidiabetic effects of M. azedarach leaf 
extracts
For this experiment, 24 ob/ob mice were randomly divided 

into 4 treatment groups (each n=6). The Melia extract of 

200 or 400 mg/kg or saline as a negative control and gliben-

clamide (5 mg/kg) as a positive control were injected daily 

for 3 weeks in a row. Tail vein plasma glucose was measured 

(Accu-Check) on days 1, 5, 10, 15, and 20 posttreatments. 

Plasma insulin was measured from tail vein blood samples 

of 0.5 mL collected on days 1, 7, 14, and 21 posttreatment. 

Blood samples were collected in heparinized tubes, centri-

fuged at 4,000 rpm for 10 min, plasma pipetted off and stored 

at 20°C for insulin radioimmunoassay.14

An IP glucose tolerance test (IPGTT) was conducted 

before and after the 3-week study period with Melia extract 

or glibenclamide. The mice were fasted for 4 h and then given 

an IP glucose load (2 mg/g). Blood samples were collected at 

0, 30, 60, 120, and 180 min for the analysis of glucose dis-

posal and elimination from the circulation (each group n=6). 

Effects of M. azedarach leaf extracts on gastric 
emptying rate
In this experiment, 12 each of SD and GK rats were used. 

After anesthesia (pentobarbital 50 mg/kg IP; Apoteksbolaget, 

Umeå, Sweden), an abdominal incision was made, and a 

gastric catheter was implanted at the greater curvature. One 

catheter was pulled under the skin to exit at the back of the 

right ear, and another catheter was inserted into the jugular 

vein to exit at the back of the left ear. After surgery, each rat 

was housed singly to recover for 7 days. Before experiments, 

the rats were fasted for 6 h.

To evaluate the effect of M. azedarach on gastric empty-

ing rate, leaf extract of 400 mg/kg was given to the rats intra-

gastrically in 1.5 mL 0.1% dimethylcellulose with 0.3 mL 

1.47 MBq51Cr-EDTA as vehicle (SD, n=6; GK, n=6). Control 

rats were given 1.5 mL of vehicle alone (SD, n=6; GK, n=6). 

After 20 min, the rats were sacrificed with a pentobarbital 

overdose, the abdomen was opened, pylorus and lower 
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esophagus were ligated, and stomach was removed en bloc. 

The radioactivity remaining in the stomach was calculated by 

using a gamma counter (Wallac Wizard, Turku, Finland) for 

60 s. Gastric emptying was determined as the percentage of 

radioactive marker retained in the stomach. The time period 

of 20 min was chosen as this has previously been shown to 

correspond to 50% gastric emptying.15

Data and statistical analysis
Data were expressed as mean and standard error of the 

mean. Statistical significance between the animals treated 

with Melia extract and controls was determined by using 

paired or unpaired Student’s t-test or analysis of variance 

for repeated measures as appropriate; p<0.05 was consid-

ered significant.

Results
Effect of graded doses of M. azedarach 
extracts on glucose in ob/ob mice
In all the mice, fasting plasma glucose values were typically 

hyperglycemic in all study groups before administration of 

the Melia leaf extract, saline, or glibenclamide. The Melia 

leaf extract of 200, 300, and 400 mg/kg IP lowered the blood 

glucose levels at all the time points (p<0.05–0.001). The 

effect was dose- and time-dependent with a blood glucose 

reduction of 18% at 1 h, 48% at 2 h, 60% at 3 h, and 64% 

at 4 h with 200 mg/kg; 20% at 1 h, 36% at 2 h, 59% at 3 h, 

and 62% at 4 h with 300 mg/kg; and 30% at 1 h, 57% at 2 h, 

64% at 3 h, and 67% at 4 h with 400 mg/kg. Glibenclamide 

had a comparable glucose-lowering effect, whereas saline 

had not (Figure 1).

Long-term effects of M. azedarach extract 
on glucose, insulin, and body weight in 
ob/ob mice
Fasting plasma glucose level showed similar hyperglycemia 

in all study groups before the administration of the Melia 

leaf extract, saline, or glibenclamide. The Melia leaf extract 

of 200 and 400 mg/kg IP per day showed a parallel fasting 

glucose reduction as did glibenclamide (all p<0.001) over the 

3-week treatment period, and saline had no effect (Figure 2A). 

Fasting insulin levels confirmed hyperinsulinemia in 

all study groups ranging from 132 to 151 µU/mL. Over the 

3-week treatment period with Melia leaf extracts of 200 or 

400 mg/kg IP per day, insulin levels progressively decreased 

(p<0.01–0.001). With Melia extract of 200 mg/kg, plasma 

insulin level decreased by 52% on day 7, 57% on day 14, and 
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Figure 1 Antidiabetic effects of graded intraperitoneal dose effect of Melia azedarach 
aqueous leaf extracts (200, 300, and 400 mg/kg) on plasma glucose level in ob/ob 
mice over a period of 4 h. 
Notes: Results were expressed as mean ± standard error. *p<0.05, **p<0.01, and 
***p<0.001.
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Figure 2 Long-term effect of Melia azedarach aqueous leaf extract (200 or 
400 mg/kg) or glibenclamide (5 mg/kg) on plasma glucose (A) and insulin (B) levels 
in ob/ob mice over a study period of 3 weeks. 
Notes: Results are expressed as mean ± standard error. **p<0.01, ***p<0.001.
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Figure 3 Intraperitoneal glucose tolerance test on ob/ob mice treated with (A) Melia azedarach leaf extract (200 mg/kg), (B) M. azedarach leaf extract (400 mg/kg), and (C) 
glibenclamide (5 mg/kg) before and after a treatment period of 3 weeks. 
Notes: Results are expressed as mean ± standard error. *p<0.05, ** p<0.01. Two tests were done with an interval of 3 weeks; each test covers a 180 min period.

73% on day 21 as compared with controls; with 400 mg/kg, 

plasma insulin level decreased by 62% on day 7, 69% on day 

14, and 78% on day 21. Under treatment with glibenclamide 

or saline, insulin levels remained unchanged (Figure 2B).

After a 4-h fasting period, the mice showed basal hyper-

glycemia that responded to IPGTT with a plasma glucose 

peak from ~13 up to ~23 mmol/L. After the 3-week course of 

treatment with Melia extract or glibenclamide, basal glucose 

was moderated to ~10 mmol/L (p<0.05–0.01), reaching a top 

level of ~19 mmol/L upon IPGTT. With this challenge, there 

was no difference in the plasma glucose incremental increase 

and glucose disposal between treatments with Melia extract 

and glibenclamide (Figure 3A–C).

The weight of the control rats on day 1 was 51.1±0.4 g and 

then increased slightly to 53.2±0.4 g on day 21. During treat-

ment with Melia leaf extract 200 mg/kg per day, body weight 

decreased numerically by 4% compared with the control group 

at day 21. Similarly, 400 mg/kg per day reduced body weight 

by 6% when compared with the control group. Glibenclamide-

treated mice did not differ from controls in terms of body 

weight increase of 2% as compared with controls.

Effect of M. azedarach extract on gastric 
emptying rate in rats
In nondiabetic SD rats, Melia leaf extract of 400 mg/kg caused 

a 2-fold increase in gastric meal retention, indicating slowed 

gastric emptying rate as compared with controls (p<0.001). In 

diabetic GK rats with a plasma glucose of 11.8±0.6 mmol/L,16 

the gastric retention was increased by 2.4-fold compared with 

control diabetic GK rats (p<0.001; Figure 4). 

Discussion
This study investigated the antidiabetic effects of M. 

 azedarach leaf extracts in rodent models of diabetes type 2; 

in most experiments, the effects of the Melia extract were 

compared to those of glibenclamide, which was a positive 

control. The ob/ob mice were used as an experimental model. 

Obesity was a common feature of these animals due to a 

mutation in the leptin gene. Animals that are homozygous 

for this mutation exhibited morbid obesity and metabolic 

abnormalities, including hyperglycemia, glucose intoler-

ance, and hyperinsulinemia, which resemble the human 

diabetes type 2 phenotype.17 The GK rat was also used as 

another model of diabetes. This rat exhibited a less severe 

phenotype of diabetes type 2 than that exhibited by the ob/

ob mouse with only slightly elevated blood glucose and no 

obesity.18 Gastric emptying and gastrointestinal motility in 

the GK rat was easy to study and has previously been shown 

to be akin to the SD rat, both being representatives of human 

conditions.19 The variables used for this analysis should be 

representatives of the systemic dynamic response to a meal 

and could easily be monitored by repeat plasma samples. 

Hence, the short-term effect and the long-term effect of the 

Melia extracts were studied by using blood sampling with 

an analysis of plasma glucose and insulin. In relation to this, 

gastric emptying was studied as the nutritional load presented 

to the small intestine for absorption, and release of incretins 

should be of major importance for metabolic control as pre-

viously known from glucagon-like peptide-1 (GLP-1).19,20 

There are numerous other metabolic biomarkers to study in 

hyperglycemic dysregulation, which should, in detail, outline 

cellular changes due to oxidative stress, such as superoxide 

from the monocytes, oxidized low-density lipoprotein, and 

nitrotyrosine. However, the measurements of these biomark-

ers should regularly be normalized to the body mass index,21 

why such an approach seems less feasible in the rodents. 

In acute dose–response experiments in ob/ob mice, it was 

found that the plasma glucose level fell progressively within 
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few hours with increasing dosage of the extract and was 

maintained at normal levels of 5–6 mmol/L. After chronic 

treatment with the Melia extract during a 3-week period in the 

ob/ob mice, plasma glucose levels were maintained at a low 

level, indicating that no desensitization to the pharmacologi-

cal action of the extract took place over the 3-week period. In 

a similar manner, serum insulin decreased during treatment 

with the Melia extract. Conversely, the glibenclamide-treated 

group displayed unchanged plasma insulin levels. 

IPGTT revealed that the Melia extract lowered basal 

plasma glucose and hence dampened the absolute glucose 

excursions after challenge, while the change in glucose 

level was not different, and glucose clearance from plasma 

was not affected. This would indicate that the Melia extract 

primarily exerted a long-term antidiabetic effect similar 

to sulphonylurea (glibenclamide), but did not promote an 

immediate insulin release upon challenge22 as shown in the 

present experiments. An insulin-sensitizing effect of Melia is 

further substantiated by the marked decrease in insulin that 

took place during the long-term treatment with the Melia 

extract over weeks. Hence, the extract of Melia significantly 

improves glucose homeostasis by actions in the peripheral 

tissues, most likely liver, adipose tissue, and skeletal muscle.23 

The ability of insulin to mediate tissue glucose uptake is 

critical in maintaining glucose homeostasis and clearance of the 

postprandial glucose load.24–26 As patients with diabetes type 2 

generally exhibit a marked insulin resistance with a reduction 

in insulin-mediated glucose disposal,20,24,27 the effect of Melia 

may come into play as an enhancer of insulin treatment.

In addition to its direct effects on glucose disposal, the 

Melia extract was found to decrease body weight. Even though 

this effect is clearly distinct from an insulin- sensitizing effect, 

the resulting loss of body weight is advantageous in the dia-

betic state. A possible explanation for the slight body weight 

loss that was observed in the long-term studies of ob/ob mice 

was found in the supplementary studies that had been carried 

out in normal SD and diabetic GK rats where gastric empty-

ing was markedly slowed by the Melia extract. The slow rate 

of gastric emptying is also interesting in light of the diabetes 

type 2 phenotype where sizable overweight is usually at hand. 

Gastric emptying can be considered the first step in the endo-

crine response to a meal. Slow rate of gastric emptying would 

lead to a slower nutrient exposure and absorption and less 

demand of insulin for glucose disposal. This is to be taken as 

advantageous in diabetes type 2. A similar effect was clearly 

shown by the endocrine GLP-1 response to eating where 

gastric emptying was inhibited as well as insulin release was 

stimulated.28 Furthermore, slow rate of gastric emptying also 

increases satiety sensations after a meal and decreases food 

intake and body weight control,29 which leads to a beneficial 

weight loss in diabetics, hence reducing insulin resistance and 

insulin demands. In the present experiments, the Melia extract 

had a significant inhibitory effect on gastric emptying, which 

may underlie the reduced insulin release in the long-term 

experiments, whereas the following body weight loss was 

less marked during the 3 weeks of study and therefore seems 

to be of less importance for glucose homeostasis. 

Similar to the Melia extract, other plant extracts have 

shown antidiabetic effects. The hydroalcoholic extract of 

A. indica has shown antihyperglycemic effects in normal, glu-

cose-fed, and streptozotocin diabetic rats.30 The Azadirachta 

indica plant exerts its pharmacological activity independently 

of insulin and blocks the action of epinephrine on glucose 

metabolism, thus increasing peripheral glucose utilization.30 

It also increases glucose uptake and glycogen deposition in 

the isolated rat hemidiaphragm.30 These data speak in favor of 

a peripheral action of this plant extract. However, no studies 

on gastric emptying as a counterbalancing effect to increased 

glucose utilization have been carried out.

Conclusion
In the research of antidiabetic mechanisms of various 

Ethiopian medicinal herbs, it was found that the lyophilized 

aqueous extract of M. azedarach has the power to maintain 

adequate plasma glucose homeostasis in diabetic mice and 

rats. The mechanism underlying this antihyperglycemic 

activity was shown to be dual with actions on both insulin 

sensitivity and gastric emptying rate, thus meeting drug 

discovery requirements of a rigorous scientific evaluation 

for a plausible mechanism of action for its deliberate use in 

the treatment of diabetes type 2 in Ethiopia.

15

10
G

as
tri

c 
re

te
nt

io
n 

(%
)

5

0

Con
tro

l S
D

Me
lia

 S
D

Con
tro

l G
K

Me
lia

 G
K

∗∗∗ ∗∗∗

Figure 4 Effects of Melia azedarach aqueous leaf extract on gastric emptying rates 
in Sprague-Dawley (SD) and Goto-Kakizaki (GK) rats. 
Notes: Results are expressed as mean ± standard error. ***p<0.001.
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