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INTRODUCTION 

Diabetes is a metabolic disorder consisting of several 

physiological changes due to chronic hyperglycemia. It 

affects the glucose transporters, insensitivity of several 

tissues (skeletal muscle, liver, kidney and adipose tissue) 

to insulin action leading to insulin resistance, weaker 

glucose utilization of body etc.1 Though remarkable 

progress achieved in the management of diabetes mellitus 

using synthetic drugs, still management of diabetes and its 
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complication is an unsolved problem. Recently there has 

been a growing interest in herbal remedies, which are 

effective, produce minimal or no side effects in clinical 

experience, and are of relatively low cost, as compared to 

oral synthetic hypoglycemic agents.2 Mangroves are one 

of the medicinally important plants produce several 

phytocompounds or secondary metabolites having 

significant pharmacological properties and are being used 

traditionally for treatment of several ailments.3,4 

Rhizophora mucronata is a mangrove (family 

Rhizophoraceae), commonly known as “red mangrove”, 

used as traditional medicine in the treatment of diarrhea, 

dysentery, blood in urine, fever, angina, diabetes, 

hematuria, and hemorrhage.5 In South Asian countries 

together with India, the leaves of R. mucronata are being 

used traditionally for the remedy of diabetes.6,7 It is 

abundantly found on the coastal region. R. mucronata L. 

leaves showed the presence of a good amount of 

polyphenols, like flavonoid, tannin, glycoside, phenolic 

compounds.8,9  

The fresh juice of R. mucronata L. leaves significantly 

reduced blood glucose concentration in Alloxan induced 

diabetic rats and thereby posesses anti-hyperglycemic 

action.10 Research from Bangladesh revealed the ethanol 

extract of Rhizophora mucornata leaves has significant 

dose dependant anti-diabetic effects.11 Recent study 

reported the anti-diabetic action of hydro-methanolic and 

hydro-ethanolic extract of R mucronata (Sundarban 

Mangrove) leaves in diabetes model.12,13 Hence, the 

present study has undertaken to explore the comparative 

analysis between fresh juice and ethanolic extract of the 

leaves of Rhizophora mucronata Lam. in diabetic rat 

model. Glibenclamide was used as standard drug in this 

study. 

METHODS 

Collection of plant material and identification 

Rhizophora mucronata leaves were collected from 

Sunderban, West Bengal, India, in the month of October 

2013. The leaves were authenticated from Botanical 

Survey of India, Howrah, West Bengal 

(CNH/55/2013/Tech. II/19 dated 02.12.2013) and a 

voucher specimen has been preserved. The fresh leaves 

were washed with distilled water.  

Extraction of leaves of plant material 

Fresh Rhizophora mucronata Lam. leaves were divided 

into two groups. Leaves from one group were washed well 

with distilled water and cut into small pieces. A smooth 

paste from the leaves was made with mixer grinder. The 

fresh juice was squeezed out from the paste and the extract 

was stored well in a tight container for further use. The 

leaves from another group were shade-dried, pulverized 

into coarse powder and extracted with ethanol in soxhlet 

apparatus. Thereafter, the solvent was removed under 

reduced pressure and the extract was dried.  

Animals 

Wistar albino rats of both sexes weighing 150-200gm were 

used for this study. The animals were kept in the animal 

house, maintaining standard condition and fed with proper 

diet and water ad libitum. The animal experiments were 

conducted in accordance with the accepted principles for 

laboratory animal use and care (CPCSEA).  

In-vivo anti-diabetic study in streptozotocin induced 

diabetic model 

Streptozotocin (STZ) was dissolved in ice-cold citrate 

buffer (0.1 M, pH 4.5) and injected intravenously at the 

dose of 60 mg/kg in rats (except normal control).14,15 The 

diabetic state (fasting blood glucose >180mg/dl) was 

confirmed 3 days after STZ injection. The diabetic rats 

were randomly grouped in nine groups as described in 

Table 1.  

Table 1: Group distribution and treatment of 

experimental animals. 

Groups Treatment 

Group I: Untreated/ 

Negative control 

Only distilled water 

0.1ml/kg, orally  

Group II: 

Diabetic/Positive control 

STZ induced, distilled 

water 0.1ml/kg, orally 

Group III: 

Glibenclamide 

STZ induced, 

Glibenclamide 10mg/kg, 

orally 

Group IV: RMJ 

100mg/kg 

STZ induced, RMJ 

100mg/kg, orally 

Group V: RMJ 

200mg/kg 

STZ induced, RMJ 

200mg/kg, orally 

Group VI: RMJ 

400mg/kg 

STZ induced, RMJ 

400mg/kg, orally 

Group VII: RME 

100mg/kg 

STZ induced, RME 

100mg/kg, orally 

Group VIII: RME 

200mg/kg 

STZ induced, RME 

200mg/kg, orally 

Group IX: RME 

400mg/kg 

STZ induced, RME 

400mg/kg, orally 

n=6 in each group;  

RME=ethanolic extract of Rhizophora mucronata leaves 

RMJ=fresh juice of Rhizophora mucronata leaves 

The dose was selected according to acute toxicity study 

and previously evaluated pilot study on hypoglycemic 

action in rats. The treatment regimen was continued once 

daily dose for 28 days as mentioned above. Thereafter all 

animals were sacrificed under deep anesthesia and blood 

was withdrawn. 

Statistical analysis 

In present study all data were expressed as mean±SEM. 

The statistical analysis was done by one-way analysis of 

variance (ANOVA), followed by Dunnet test. The 
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statistical software package used for analysis was 

statistical package for the social sciences (SPSS 15). 

RESULTS 

Effect of Rhizophora mucronata extracts on blood 

glucose profile 

Rhizophora mucronata Lam. leaves fresh juice (RMJ) and 

ethanolic extract (RME) both possess anti-hyperglycaemic 

effect by lowering the elevated blood glucose level in the 

Streptozotocin induced diabetic model in rats (Figure 1). 

The most significant anti-hyperglycaemic activity was 

found in the dose 200mg/kg body weight for both the 

extracts in comparison to the diabetic control rats. The 

ethanolic extract showed more potent blood sugar 

lowering potentialities in Streptozotocin induced diabetic 

model among the two extracts.  

 

Figure 1: The anti-hyperglycaemic effect in 

Streptozotocin induced diabetic rats. Blood glucose 

profile of untreated normal control, diabetic control, 

standard drug Glibenclamide 10mg/kg and different 

groups treated with fresh juice of the leaves of 

Rhizophora mucronata (RMJ) (A.) and with ethanol 

extract (RME) (B.) Data was interpreted as 

Mean±S.E.M (n=6 for each group). Statistical analysis 

was done by one way ANOVA followed by Dunnett 

test (p<0.05) 

The RMJ at 200mg/kg dose reduced the blood glucose 

level by 24.706% whereas RME at 200mg/kg dose 

reduced the blood glucose level by 37.059%, which is 

more similar to that of the standard drug Glibelclamide 

which showed 40.294% reduction in blood glucose level 

(Table 2).  

Table 2: Inhibition of blood glucose level (in %) in 

different treated groups comparing with the diabetic 

control on 28th day of the Streptozotocin                     

diabetes model. 

Groups 

Inhibition in blood glucose level in 

comparison with the diabetic control 

rats  

Glibenclami

de 10mg/kg 
40.294% 

Rhizophora mucronata 

leaves juice (RMJ) 

Rhizophora mucronata 

leaves ethanol extract (RME) 

RMJ 

100mg/kg 
4.412% 

RME 

100mg/kg 
33.529% 

RMJ 

200mg/kg 

24.706

% 

RME 

200mg/kg 
37.059% 

RMJ 

400mg/kg 

16.176

% 

RME 

400mg/kg 
30.882% 

Data was interpreted as Mean±S.E.M (n=6 for each 

group). Statistical analysis was done by one way ANOVA 

followed by Dunnett test (p<0.05). 

Effect of Rhizophora mucronata extracts on body weight 

It is very interesting to note that, STZ has been reported to 

reduce body weight in animals, which was observed in the 

present study also. Both the fresh juice of the leaves of 

Rhizophora mucronata (RMJ) and the ethanol extract 

(RME) restore the body weights of the rats during the 

study period and maintained good health. The ethanolic 

extract of R. mucronata leaves (100mg/kg and 200mg/kg) 

revealed profound anti-hyperglycemic effect and 

maintained their body weight like healthy control rats in a 

dose dependent manner when administered for 4 weeks. 

Present study revealed that the ethanolic extract showed 

more potent effect in lowering the elevated blood sugar in 

the diabetic rats, 200mg/kg was the most effective dose for 

both the extracts. Therefore, further biochemical 

parameters were compared between these dose treated 

groups only for the both extracts.  

Glucose concentration analysis in urine  

The urine analysis of different group of rats on 28th day of 

treatment showed the glucose concentration present in rat 

urine (Figure 2). Glucose content in urine sample of the 

diabetic control rats was 1gm/dl (%) whereas for the 

normoglycemic normal group of rats it was found to be 

negative. In the test group treated with RME it was 1/4
th or 

0.25g/dL (%) similar as the standard drug treated rats, for 

the RMJ treated groups it was ½th i.e. 0.5gm/dl (%).  
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Figure 2: Above pictures are showing the glucose concentration in rat urine on 28th day of treatment with urine 

analysis glucose reagent strips. A, B, C represent the glucose analysis of untreated normal control, diabetic control, 

standard drug Glibenclamide (10mg/kg) treated rats respectively, D and E represent the urine analysis of test 

sample RME 200mg/kg and RMJ 200mg/kg (most effective dose) treated groups respectively. 

 
RME=ethanolic extract of Rhizophora mucronata leaves 

RMJ=fresh juice of Rhizophora mucronata leaves 

*denotes p<0.05. 

Figure 3: The different biochemical parameters in rat serum on 28th day in Streptozotocin induced diabetic model. 

Data was interpreted as Mean±S.E.M. Statistical analysis was done by one way ANOVA followed by Dunnett test.  

 

Biochemical parameters in serum 

The comparative analysis of the biochemical parameters in 

rat serum after 28 days treatment (Figure 3) showed that 

both the extract in the most effective dose 200mg/kg 

decreased the elevated lipid levels and liver enzyme levels 

than the diabetic control group. After the treatment, the 

biochemical parameters of the treated group of rats were 

similar to that of the negative control group. There were no 

such changes in the hematological parameters but the 

extract improved the hemoglobin level in the treated rats 

maintain good health. Present study revealed that beside 

the potent blood sugar lowering, activity, ethanolic extract 

showed significant lipid lowering potentialities in 

Streptozotocin induced diabetic model among the two 

extracts. It also lowered the elevated creatinine level than 

the diabetic control and standard drug treated groups. 

E 
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Glibenclamide was also evaluated for any lipid lowering 

action in STZ induced diabetic rats. Another important 

finding was the both extracts enhanced the high density 

lipoprotein (HDL) -cholesterol, which is known to play an 

important role in the transport of cholesterol from 

peripheral cells to the liver and is considered to be a 

cardioprotective lipid.  

DISCUSSION 

Previous studies showed that, the fresh juice and the 

ethanolic extract of Rhizophora mucronata Lam. leaves 

even in the higher dose of 2 gm/kg body weight in rats did 

not show any toxic signs symptoms.9,10 Streptozotocin 

induced diabetic animals are most commonly used for 

screening the compounds such as natural compounds for 

its hypoglycaemic/anti-hyperglycaemic activities.15,16 

Streptozotocin (STZ) is well known for its selective 

pancreatic islet beta cell cytotoxicity and has been 

extensively used to induce type 1 diabetes mellitus in 

animals.17,18 In the present study, a comparative analysis of 

the anti-diabetic action of fresh juice and ethanolic extract 

of leaves of Rhizophora mucronata was done in 

Streptozotocin diabetic model. The study with the fresh 

juice confirmed its efficacy as anti-hyperglycaemic and 

the ethanolic extract also distinctly decreased the elevated 

blood sugar in the treated group of rats. 200mg/kg was the 

best dose for both the extracts. The ethanol extract in 

100mg/kg and 200mg/kg doses revealed more significant 

anti-diabetic activity among the both extracts. The 

difference between the treated groups and diabetic control 

rats in lowering the fasting plasma glucose levels was 

significant. Research revealed, regular administration of 

the ethanolic extract of R. mucronata Lam. leaves for 4 

weeks resulted in a significant diminution of blood glucose 

level with respect to STZ-diabetic rat, which clearly 

explains its anti-diabetic activity.19 

Some recent studies also supported that hydro-alcoholic 

extract of R. mucronata leaves exhibited antiradical and 

anti-diabetic effects.12,13 A study from Bangladesh 

demonstrated that, the ethanol extracts of Rhizophora 

mucronata Poir leaves showed significant inhibition of 

carbohydrate digestion and absorption, which has resulted 

in hypoglycemic effects of Rhizophora mucronata.11 

Present study also revealed that the ethanolic extract of R. 

mucronata leaves not only have anti-hyperglycemic action 

but also have lipid lowering action. It reduced total 

cholesterol, triglycerides and by- low density lipoprotein 

(LDL) compared to the diabetic control groups, also 

increased the HDL-cholesterol, which is an added benefit. 

Hyperglycemia can stimulate ROS (Reactive Oxygen 

Species) production from a variety of sources. Phenolic 

phytochemicals act as preventive agents against oxidative 

damage. Theses have been in recent focus for decreasing 

the risk of developing chronic diseases by reducing 

oxidative stress and inhibiting macromolecular 

oxidation.20 Thus, prevention of oxidative damage with 

natural antioxidants is important diabetic prevention 

strategies. Literature survey revealed the antioxidative, 

antidiabetic and cardioprotective activities of phenols, 

flavonoids, and polysaccharides. Previous research also 

showed the ethanolic extract of R. mucronata Lam. leaves 

have promising antioxidant properties. R. mucronata 

leaves content rich amount of phenolic acids and 

flavonoids.21 Earlier studies also revealed the presence of 

Quercetin in the fresh leaves of R. mucronata juice.10 It is 

also suggested that the polyphenols are widely distributed 

in the plant kingdom as secondary metabolites and are 

reported to possess antioxidant and anti-diabetic 

properties.22,23 Therefore, significant amount of phenolic 

acids and flavonoids in the leaf extract might be considered 

as the major phytoconstituents responsible for the anti-

diabetic action. 

Present study explored the scientific relevance of the 

ethno-medicinal uses of Sunderban mangrove R. 

mucronata leaves in the treatment of diabetes. This may 

lead to therapeutic correlation of this mangrove in the 

treatment of diabetes and its complications. 

CONCLUSION 

In the present scenario, the management of diabetes 

mellitus is still a challenge to the researchers. Search for 

effective and safe alternative anti-diabetic agents is a need 

for the society because of the limitations of conventionally 

used synthetic anti-diabetic medicines. The World Health 

Organization (WHO) recommends the research on the uses 

of medicinal plants in the treatment of diabetes mellitus for 

their beneficial effects. Present study revealed the 

significant anti-hyperglycemic property of Rhizophora 

mucronata Lam. leaves, and the ethanolic extract of the 

leaves may be more beneficial because of having potent 

lipid lowering action along with anti-hyperglycemic 

property. Research is under process to identify the active 

molecule from Rhizophora mucronata Lam leaves, as an 

anti-hyperglycaemic agent with better efficacy and less 

toxicity. 
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