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INTRODUCTION 
 

Diabetes mellitus (DM), a metabolic disorder,  is 

characterized by hyperglycemia resulting from defects in 

insulin action, insulin secretion or both.[1] In the year 

2000, this  rapid growing metabolic disorder affecting 

approximately 171 million and is projected to increase to 

366 million by 2030.[2] The risk of diabetic 

complications are particularly cardiovascular disease 

(CVD) and peripheral vascular disease (PVD).[3] 

Complications such as coronary artery disease (CAD), 

stroke, blindness, neuropathy, renal failure etc are known 
to be associated with DM.[4] Diabetes has caused a 

tragedy in Bangladeshi poor people. Despite excellent 

potencies, several synthetic anti-diabetic drugs had 

offered unwanted therapeutic profiles marked by fluid 

retention, drug-induced hypoglycemia and increased rate 

o\f lactic acidosis, liver malfunctioning due to cirrhosis, 

weight gain and cardiac dysfunction.[5] Since antique era, 

plants containing medicinal properties are enormously 

used in treating diabetes throughout the world.  Many 

scientific investigations have confirmed the efficacy of 

plant preparations, few of which are remarkably 

effective. It has been reported that some medicinal plant 

have to be useful in diabetes worldwide and have been 

used empirically in anti-diabetic, anti-hyperlipidimic 

remedies.[6] 

 

Morus alba Lam. belongs to the family Moraceae, 

known as white mulberry.  There are 24 species of 

Morus, with at least 100 varieties.[7] The species is native 

to northern China, and is widely cultivated in United 

States, Mexico, Australia, Argentina, India, Bangladesh 
and Pakistan.[8-13] They are grown to feed 

silkworms.[14,15] In Chinese medicine, Morus alba L. 

leaves, bark and branches have long been used.[16] In 

most European countries  Morus alba L. are grown for 

fruit production.[17,18] It is reported that Morus alba L. 

fruit is a potential source of natural antioxidants such as 

total phenoliccs, vitamin E, vitamin C, β-carotene, 

coenzyme Q, flavonoids, polyphenol oxidase.[19] The 

fruits are a rich source of essential amino acids such 

asisoleucine, leucine, threonine, lysine, valine, 

phenylalanine, tyrosine, tryptophan, histidine, 
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ABSTRACT 
 

Objective: To investigate the protective role of Morus alba L. fruits against alloxan induced diabetic rats. 
Methods: Swiss albino rats were divided into five groups. The first group was used as non-treated control 

group, the second group was used as diabetic treated control group, the third group was diabetic treated 

mice plus methanolic extract of Morus alba L. fruits (200mg/kg body weight per day), the fourth group 

was diabetic treated mice plus ethanolic extract of Morus alba L. fruits (200mg/kg body weight per day) 

and the fifth group was diabetic treated mice plus glibenclamide. Serum indices related to diabetic, 

cardiac, renal and liver functions were determined to investigate the protective effect of Morus alba L. 

fruits on alloxan induced diabetic rats. Results: It revealed that the Morus alba L. fruits extract 

suplementation abrogated the alloxan induced elevation of glucose, total cholesterol, triglycerides, low 

density lipoprotein, urea, SGPT and SGOT. Morus alba L. fruits prevented the alloxan induced 

perturbation of serum high density lipoprotein cholesterol. Conclusions: The present study reported that 

the Morus alba L. fruits may be very useful for the improvement of the complications of alloxan induced 
diabetes. 
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methionine and cysteine.[20] In traditional Chinese 

medicine, the fruit is used to improve eyesight and 

protect against liver damage.[21] The fruits have been 

reported to act as anti-cholesterol, antioxidative and anti-

obesity and anti tumour  agent.[22–25] It is also reported 

that Morus alba  L. leaf and fruit powder reduced CVD 
risk in mice.[26,27] 

 

In the current literature there is not much data concerning 

the effect of Morus alba L. fruit extract on the glucose 

level, lipid parameters, urea and enzymes, which are 

abnormally altered due to DM. Therefore, the present 

study has been planned to investigate how the Morus 

alba L. fruit ethanol and methanol extract influences 

glucose level, lipid parameters, urea and enzymes in 

alloxan induced diabetic rats and to compare it with 

glibenclamide as a reference standard. 

 

MATERIALS AND METHODS 
 

Chemicals and kits 

Alloxan monohydrate, (germany) methanol, ethanol 

(Merck, India) reagent and glucose, total cholesterol 

(TC), triglyceride (TG), SGPT, SGOT, urea, and high 

density lipoprotein cholesterol (HDL-C) precipitation 

reagent were used for this study. 

 

2.2 Animal Maintanance 

Adult healthy Albino rats (4 weeks of age) with average 

body weight 130-160g were collected from the Animal 
Resource Division of ICDDR’B Mohakhali, Dhaka, 

Bangladesh. They were individually housed in 

polycarbonate cages and wood-cube bedding (six mice 

per cage) in well-ventilated rooms under hygienic 

conditions. The animals prior to use were acclimatized 

for 7 d and were divided into five equal groups, the first 

group was named as non-treated control group, the 

second group was named as diabetic treated control 

group, the third group was diabetic treated mice plus 

methanolic extract of Morus alba L. fruits (200mg/kg 

body weight per day),  the fourth group was diabetic 
treated mice plus ethanolic extract of Morus alba L. 

fruits (200mg/kg body weight per day) and the fifth 

group was diabetic treated mice plus glibenclamide. 

Diabetic rats were treated by Glibenclamide at a dose of 

0.5mg/kg body weight. The doses were selected on the 

basis of previously published reports and experiments 

were conducted for 3 weeks before sacrifice. Rats were 

maintained with 12 h: 12 h light dark cycle with 

available supply of distilled water and food. Ethical 

permission was obtained from the Institute of Biological 

Sciences, Rajshahi University, Bangladesh 
(101/320/IAMEBBC/IBSC). 

 

Induction of diabetes 

Diabetes was induced in overnight fasted mice by a 

single intraperitoneal injection of alloxan (90 mg/kg 

body weight) in a 0.1M sodium citrate buffer (pH-4.5). 

The age-matched control rats received an equivalent 

amount of citrate buffer. Food and water intake were 

closely monitored daily after alloxan administration. The 

development of hyperglycemia in mice was confirmed 

by fasting (16 hour) blood glucose measurement in the 

tail vein blood, 48 hours after alloxan administration, 

with a Portable glucometer (Accu-Chek, Roche, 

Germany). The animals with fasting blood glucose level 

≥ 11.0 mmol/L with other symptoms of diabetes mellitus 
such as polyphagia, polydipsia, polyuria, and weight loss 

were considered diabetic and included in the study. 

 

Preparation of Morus alba L. fruits powder  

Fresh young Morus alba L. fruits were collected from 

Rajshahi University Campus, washed with tape water 

properly and then sun dried. Finally fruit powder was 

obtained by grinding and kept it at 4 °C with sealed 

plastic packet until experiment to avoid the 

contamination of microorganism. 

 

Preparation of Extract 
The powder of Morus alba L. fruits (200gm) was mixed 

with ethanol and methanol (95%) separately in a 600 mL 

flask with mild shaking. The flask was closed with 

cotton plug and aluminum foil at 48 hours at room 

temperature. The extract was filtered through Whatman 

filter paper (No.1), concentrated using a rotary 

evaporator at low temperature (40-50°C). The extract 

was preserved in airtight container and kept at 4°C until 

further use. 

 

Collection of sample and preparation of serum 
Blood specimens of rats were collected from thoracic 

arteries after anaesthetization with diethyl ether. For 

coagulation, blood was kept about 30 min at room 

temperature then centrifuged at 4 000 r/min for 15 min at 

4 °C. Then serum were drawn off and stored at -80 °C 

until the experiments were performed. 

 

Biochemical assay 

The biochemical analyzer (CHEM-5 V3, Erba, 

Mannheim, Germany) was used for the measurement of 

serum indices by using the commercially available kits 

according to manufacture’s protocol. glucose, TC, TG, 
HDL, urea LDL-cholesterol (LDL), VLDL were 

measured; SGPT, SGOT activities were determined by 

the kits (Human, Germany). All the serum samples were 

analyzed in triplicate and then the mean values were 

taken. 

 

Statistical Analysis 

The assays were carried out in triplicate, and the results 

were expressed as mean values and the standard 

deviation (SD). The statistical differences represented by 

letters were obtained through one-way analysis of 
variance (ANOVA) followed by Tukey’s honestly 

signify cant difference (HSD) post hoc test (p < 0.05). 

Correlations were established using Pearson’s correlation 

coefficient (r) in bivariate linear correlations (p < 0.001). 

These were carried out using Microsoft office Excel 

2010 and SPSS version 16.0 program (IBM Corporation, 

New York, USA) 
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RESULTS 
 

It is reported that alloxan induces an increase of the 

serum glucose level both in human and rats.[28] Diabetes 

is associated with high blood glucose level for a 

prolonged period. In this experiment, we also found that 

alloxan caused an increase of the serum glucose levels 
upto 22.02±0.83 mmol/dl i.e., the rats became diabetic. 

The administration of MEMA (methanol extract of 

Morus alba ) & EEMA (ethanol extract of Morus alba ) 

produced significant changes in the high blood glucose 

level in Alloxan induced diabetic rats. Comparing the 

blood sugar level in diabetic rat, both the extract 

supplementation rats showed significant (P<0.05) 

reduction of blood glucose which was as near as 

glibenclamide administered rats (Table 1). From 3rd to 

21th days, MEMA & EEMA administration group’s 

glucose levels maintained 5.12% -43.83% and 5.05-

43.46% reduction than that of diabetic control group. 
Whereas, in case of glibenclamide the reduction was 

12.32%-59.23% than that of diabetic control group (P< 

0.001). Morus alba L. fruits extract decrease serum 

glucose levels by indicating its ability of possessing 

glucose lowering effects. 

 

Table 1: Effects of EEMA & MEMA on serum glucose level (mmol/L) in Alloxan induced diabetes in rat. 
 

Groups Group-1 Group-11 Group-111 Group-1V Group-V 

Initial day 5.94±0.21 20.01±0.47 21.87±0.46 20.18±0.32 22.02±0.83 

3 day 5.82±0.11 21.25±0.52 21.04±0.43 22.17±0.52 21.12±0.81 

6 day 5.95±0.18 21.7±0.47 20.41±0.38b 20.64±0.23c 17.18±0.75a 

9 day 5.89±0.17 22.5±0.47 17.67±0.24b 18.06±0.20c 15.22±0.77a 

12 day 5.90±0.25 22.93±0.58 15.18±0.28 15.56±0.17c 13.74±0.4 

15 day 5.84±0.27 23.48±0.72 14.29±0.31b 14.64±0.39 11.36±0.78a 

18 day 5.97±0.12 24.14±0.44 13.8±0.30b 14.12±0.45c 10.60±0.54a 

21 day 5.91±0.13 22.87±0.35 13.04±0.26b 13.20±0.26c 9.82±0.42a 

 

Blood glucose level in the treated rats were significantly 

different from diabetic control group with Glibenclamide 
aP<0.001, where as MEMA & EEMA were bP<0.05, 
cP<0.05. 

 

Elevated level of TG is very often associated with 

cardiovascular diseases,[29] and cardiovascular disease is 

one of the major causes of diabetic mortality.[30] In this 

study, we determined the serum TG levels in the five 

groups of experimental rats. The TG levels (mean±SD) 

of the control, diabetic treated contrl group, diabetic 

treated rats plus methanolic extract of fruits, diabetic 

treated rats plus ethanolic extract of fruits and diabetic 

treated rats plus glibenclamide were (1.45±0.08), 
(2.04±0.12*), (1.63±0.21),  (1.68±0.27),  and (1.21±0.03) 

mmol/L, respectively (Table 2). The MEMA & EEMA 

administration also demonstrated the reduction of TG 

20% and 17.64% in diabetic rat, respectively. 

 

The serum TC levels were (5.27±0.11), (6.18±0.13), 

(4.78±0.54), (4.81±0.35) and (4.38±0.12a) mmol/L for 

the control, diabetic treated control group, diabetic 

treated rats plus methanolic extract of fruits, diabetic 

treated rats plus ethanolic extract of fruits and diabetic 

treated rats plus glibenclamide respectively (Table 2). 
Atherosclerosis risk is inversely related to circulating 

levels HDL-C and low HDL-C levels are independent 

predictive marker of cardiovascular risk.[31] In this study, 

we evaluated the serum HDL-C levels in the five groups 

of experimental rats which were (0.32±0.01), 

(0.25±0.02), (0.37±0.02), (0.35±0.01) and (0.27±0.02) 

mmol/L for control, diabetic treated control group, 

diabetic treated rats plus methanolic extract of fruits, 

diabetic treated rats plus ethanolic extract of fruits and 

diabetic treated rats plus glibenclamide respectively 

(Table2). We have found that Morus alba L. fruits 
extract significantly (P<0.05) protected the lowering 

tendency of HDL-C levels in alloxan induced diabetic 

rats. 

 

LDL level was significantly reduced (P<0.05) for 

MEMA & EEMA treatment 26.03% and 25.31% in 

diabetic rats (Table 2). VLDL level was also reduced 

(P<0.05) for MEMA & EEMA treatment 19.56% and 

17.39% in diabetic rat respectively (Table 2). 

 

Dysfunction of kidney is one of the major health effects 

of the long term diabetes, and elevated levels of serum 
urea have been reported to be associated with renal 

dysfunction and excessive protein catabolism.[32,33] We 

have found that in alloxan induce diabetic rats serum 

urea levels increased significantly (P<0.05) in 

comparison with control. The admionistration of Morus 

alba L. fruits extract significantly (P<0.05) protected 

alloxan-induced elevation of serum urea levels (Table 2). 
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Table 2: Effects of EEMA & MEMA on biochemical parameter in diabetic rat after 21 days treatment. 
 

Group-

11Groups 

Parameters 

Total Cholesterol 

(mmol/L) 

Triglycerides 

(mmol/L) 

LDL 

(mmol/L) 

HDL 

(mmol/L)) 

VLDL 

(mmol/L) 

Urea 

(mg/dl) 

Group-1 5.27±0.11 1.45±0.08 4.66±0.14 0.32±0.01 0.64±0.02 40.09±0.02 

Group-11 6.18±0.13* 2.04±0.12* 5.53±0.18* 0.25±0.02* 0.92±0.05* 46.21±0.21 

Group-111 4.78±0.54** 1.63±0.21 4.09±0.47** 0.37±0.02** 0.74±0.05** 42.32±2.02 

Group-1V 4.81±0.35** 1.68±0.27 4.13±0.36** 0.35±0.01** 0.76±0.13** 43.01±0.32 

Group-V 4.38±0.12a 1.21±0.03 3.87±0.15a 0.27±0.02 0.44±0.02a 39.99±0.11 

 

Values were expressed as mean ± SD. In column wise 

comparison symbol * indicated that the values are 

statistically significant from general control group at 
P<0.001. In column wise comparison symbol ** indicated 

that the values are statistically significant from diabetic 

control group at P< 0.05. The value is statistically 

significant from diabetic control group at P<0.05. 

 

The liver transaminases SGOT and SGPT are useful 

biomarkers of liver injury in a patient with some degree 

of intact liver function.[34,35] In order to confirm the 

hepatocellular degeneration of hepatic tissue, activities of 

SGOT and SGPT were then estimated. Usually the serum 

levels of all these enzymes are increased in liver injury. 

We observed that these enzyme activities were 
significantly increased (p<0.05) in diabetic mice group 

when compared to the control group. A significant 

(p<0.05) lower levels of these altered enzymatic 

activities were observed in the of Morus alba L. fruits 

extract MEMA & EEMA treated diabetic rats (Table-3).  

 

Table 3: Effect of MEMA & EEMA on serum SGPT 

and SGOT of experimental rats. 
 

Group SGPT (U/L) SGOT (U/L) 

Group-1 53.60±2.26 38±3.21 

Group-11 68.80±1.91* 90.00±2.77* 

Group-111 50±1.46** 73.29±3.04** 

Group-1V 51.00±1.52** 75.80±3.20** 

Group-V 32.60±3.72** 54.00±2.23** 

 

Serum SGPT and SGOT in the treated mice were 

significantly different from normal and diabetic control 
groups at P<0.001; * indicated the difference from 

normal group; whereas ** indicated the difference from 

Diabetic control group. 

 

DISCUSSION 
 

The present study evaluated the effect of two crude fruit 

extract EEMA & MEMA  on aloxan induced diabetic 

mice and the results of the present investigation revealed 

that treatment with the Morus alba L. fruits significantly 

improve blood glucose tolerance. Due to the deleterious 

effects of diabetes on human body, there is an increasing 
interest in the development of preventive therapy for 

reducing various effectc of diabetes in human. Morus 

alba L. fruit is a safe natural antioxidant containing fruit 

and is found as a potential source of natural antioxidants 

such as total phenolics antioxidant, vitamin A, C, and 

E.[36,37] 

 
In this study, the observed significant increase in of 

blood glucose level in diabetic rats could be due to the 

destruction of pancreatic β-cells by alloxan 

administration during diabetes. Sadighara, et al. reported 

that Morus alba leaves are useful for prevention of 

diabetes to be used as best choice of alternative medicine 

for treating diabetes [38]. Intriguingly, Morus alba fruit 

extract provided significant hypoglycemic effect to 

improve blood glucose tolerance in alloxan induced 

diabetic rats compared with alloxan induced diabetic 

control rats. 

 
Deposition of cholesterol of the artery walls were 

removed by HDL-C and return them to the liver where 

they are broken down and eliminated from the body.[39] 

Therefore, decreased HDL-C observed in this study led 

us to make a hypothesis that HDL-C lowering effect of 

alloxan might be a key event for the development of 

alloxan-induced atherosclerosis. In our study, HDL-C 

level was significantly increased (P<0.001) following a 

significant decrease in LDL-C level (P<0.001) which is 

an indication of the reduction of the risk of coronary 

heart disease that are very common in diabetic patient. 
The level of HDL increased after administration of 

extract might be due to the presence of polyphenols in 

Morus alba L. fruit extracts.[40] 

 

When the kidney tubules are prevented from removing 

the urea and other waste products from the blood, the 

blood urea becomes raised.
[41]

 In this study, we found 

that increased serum urea levels in diabetic mice that 

might be an indication of the adverse effects of alloxan 

on kidney and liver. Morus alba L. fruits potentially 

inhibited the elevation of serum urea levels of diabetic 

rats. 
 

Present study clearly indicated the ameliorating effects of 

Morus alba L. fruits Morus alba L. fruits on the changes 

of serum indices of diabetic rats. However, we did not 

clarify how Morus alba L. fruits showed the protective 

effect against alloxan action. One possibility was that the 

phenolic acids, the active ingredients of Morus alba L. 

fruits, might inhibit action by perturbation of the alloxan-

mediated signal transduction pathways or by scavenging 

free radicals through its antioxidant property. 
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The SGOT and SGPT are the major serum hepatic 

enzymes that are used for liver function test. In liver 

damage, the elevated activities of these enzymes in 

serum are an indication. In this study, we found that in 

diabetic rats serum SGOT and SGPT activities were 

increased and all these results were consistent with the 
results showed by Islam et al.[42] The SGOT and SGPT 

level was increased in diabetic patient as an indication of 

the liver damage that back to their respective normal 

level after treatment with extract and glibenclamide that 

further strengthen the antidiabetic effect of the fruit 

extract. The SGOT and SGPT level in extract treated 

mice reduced significantly. These results indicated that 

Morus alba L. fruits had an effect on liver injury of 

diabetic ratys. 

 

CONCLUSION 
 

The present study revealed that Morus alba L. fruits 

reduce tne complications of diabetic rats. Thus, the 

results suggested that Morus alba L. fruits could be 

useful therapeutically in the future as herbal medicine for 

the treatment of diabetes. 
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