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ABSTRACT 

Objective: To investigate the antihyperglycaemic and antidyslipidemic activities in ethyl acetate fraction of fruits of marine mangrove Xylocarpus 
moluccensis (EAXm) by measuring the status of biochemical parameters of diabetic animal models and in vitro glucose uptake effect.  

Method: The ethyl acetate fraction of the epicarp from the fruits of Xylocarpus moluccensis (EAXm) (Family: Meliaceae) was tested for their glucose 
tolerance, declining blood glucose, lipid, renal and hepatic function markers, enzymes of carbohydrate metabolism of low dosed streptozotocin-
induced diabetic rats, high fructose/high sucrose high fat fed streptozotocin induced rats and db/db mice, respectively for 10 consecutive days and 
in vitro glucose uptake effect by L-6 skeletal muscle cells.  

Results: The EAXm was found effective in improving glucose tolerance, declining blood glucose, serum fructosamine levels of low dosed 
streptozotocin-induced diabetic rats, high fructose/high sucrose high fat fed streptozotocin induced rats , and db/db mice, respectively. HFD/HSD-
STZ rats and dyslipidemic hamsters, when treated with EAXm for 10 consecutive days displayed decline in their serum cholesterol, triglycerides, 
LDL-cholesterol and elevation in their HDL-cholesterol levels and improvement in the hepatic as well as renal functions of HFD/HSD-STZ rats as 
evidenced by decline in their serum AST, ALT, ALP, urea, uric acid, creatinine levels. Treatment with EAXm also restored the altered activities of few 
key regulatory enzymes like glucokinase, phosphofructokinase, pyruvate kinase, glucose-6- phosphatase, and fructose 1-6 bisphosphatase in liver, 
muscle and renal tissues and glycogen degrading enzyme i.e. glycogen phosphorylase in liver and muscle of STZ-induced diabetic rats and db/db 
mice, respectively. EAXm also increased glucose uptake by L-6 skeletal muscle cells and inhibits the intestinal brush border enzyme alpha-
glucosidase in vitro with IC50 around 28.4 µg /ml. The inhibition was found mixed type with respect to the substrate i.e. p-nitrophenyl-beta-D-
glucopyranoside.  

Conclusion: These results provide enough evidence regarding the antidiabetic and antidyslipidemic nature of epicarp of X. moluccensis fruits and 
needs further exploration.  

Keywords: Xylocarpus moluccensis, Ethyl acetate fraction; Streptozotocin induced diabetic rats, db/db mice, Glucose uptake, Regulatory enzymes of 
Carbohydrate metabolism. 

 

INTRODUCTION 

Diabetes mellitus is a serious chronic metabolic disorder that has a 
significant impact on the health, quality of life, and life expectancy of 
patients, as well as on the health care system. The World Health 
Organization (WHO), has projected that the global prevalence of 
type 2 DM will more than double from 135 million in 1995 to 300 
million by the year 2025 [1] With the present population of 19.4 
million diabetics and a projected increase of 300% and thereby 
leading to approximately 60 million by the year 2025, India would 
rank first in sharing global burden of diabetes [2]. Recently there has 
been a shift in universal trend from synthetic to herbal medicine 
which we can say “Return to Nature”. Herbal drugs are generally 
more prescribed widely because of their effectiveness, less side 
effects and relatively low cost [3]. Therefore, investigation on 
natural antidiabetic substances from traditional medicinal plants 
may become extremely useful [4]. 

Xylocarpus moluccensis is found in abundance in the coastal region of 
India, Bangladesh, Burma, Ceylon and Malaya. It has earlier been 
reported that X. moluccensis have been used in the treatment of 
cholera and fever whereas the fruits are aphrodisiac. The bark as 
well as pnematophore of X. moluccensis have been reported for 
neuro pharmacological properties [5] whereas its fruits husk has 
been reported as bactericidal. The kernels are used in tonics and in 
relieving colic. The seeds or peels of the fruits are utilized to poultice 
swellings and ash of the seeds is applied to itch. The fruits are used 
as a cure for swellings of the breast and in elephantiasis. The bark 
pressings are used to treat fevers including those caused by malaria. 
A recent review reveals the various biological activity, chemical 
constituents and other properties in the Xylocarpus genus [6]. The 

most characteristic of the genus Xylocarpus are xyloccensins, a class 
of limonoids. Perhaps even most limonoids are active as insect 
antifeedants, but most of these are not directly insecticidal. Some 
limonoids have also been found to be active against some types of 
cancer. Isolation and identification of two limonoids, gedunin (1) 
and 1α-hydroxy-1,2-dihydrogedunin (2) have been recently 
reported [7]. An earlier report from our laboratory revealed the 
antihyperglycaemic and antidyslipidemic activity in the ethanolic 
extracts of Xylocarpus granatum fruits in the validated animal 
models [8]. The present paper adds antihyperglycaemic as well as 
antidyslipidemic activity in ethyl acetate fraction of the epicarp 
portion of the fruits of X. moluccensis (EAXm) on streptozotocin-
induced diabetic rats, HFD/HSD-STZ rats, db/db mice and high 
fructose high fat fed Syrian golden hamsters. 

MATERIALS AND METHODS 

Animals  

8 to 10 weeks old male albino rats (Sprague Dawley strain), 10 to 12 
weeks old db/db mice and 6 to 8 weeks old male Syrian golden 
hamsters were procured from the animal colony of CSIR-Central 
Drug Research Institute, Lucknow, India. Animals were always 
placed in groups of three to five in polypropylene cages. The 
following norms were always maintained in animal room 
environment: temperature 23 ± 2°C; humidity 50-60%; light 300 
Lux at floor level with regular 12 h light cycle; noise level 50 decibel; 
ventilation 10-15 air changes per hour. The animals were fed ad 
libitum standard pellet diet and had free access to water unless 
stated otherwise. Research on these animals was conducted in 
accordance with the guidelines of the Committee for the Purpose of 
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Control and Supervision of Experiments on Animals (CPCSEA) 
formed by the Government of India in 1964. 

Chemicals 

Tissue culture medium DMEM, antibiotics, insulin, 2-deoxyglucose, 
cytochalasin B, Streptozotocin, metformin, and fenofibrate were 
purchased from Sigma Chemical Company, St. Louis, USA. Fetal bovine 
serum was purchased from Gibco BRL, USA and 2-3H-deoxy glucose 
was purchased from GE Healthcare, UK. Fructose, sucrose, casein and 
cholesterol and all other biochemicals used in this study were 
obtained from Sisco Research Laboratory (India). Assay kits for the 
measurement of AST, ALT, ALP, urea, uric acid, creatinine, cholesterol, 
triglycerides, HDL and LDL-cholesterol in serum were purchased from 
Roche Diagnostics and used according to the instructions of the 
manufacturer on Cobas Integra 400 automated analyzer.  

Cell culture 

L6 rat skeletal muscle cell lines, procured from National Center of 
Cell Sciences (NCCS), Pune, India were available in animal facility 
division of the institute. Cells were maintained following previously 
established method [9, 10] in Dulbecco’s modified Eagle medium 
(DMEM) with 10% FBS supplemented with penicillin (100 

units/mL), streptomycin (200 µg/mL) and gentamycin (50µg/mL) 
in a humidified atmosphere of 5% CO2 and 95% air at 37oC. For 
differentiation, cells were transferred to DMEM with 2% FBS and 
allowed to reach confluence, align and fuse into myotubes before 
being used for experimentation. The extent of differentiation was 
established by observing multinucleation of cells and ~90% fusion 
of myoblasts into myotubes was observed after 4-6 days post 
confluence and considered for experimentation 

Extraction and fractionation of fruits 

The whole fruits of X. moluccensis were always collected during 
January to March from coastal regions of India. Epicarp portion of 
approximate 10.0 kg of fruits were removed, shade dried, and 
powdered in mechanical disintegrator. The fine powder as obtained 
was submerged in 50% ethyl alcohol and this process was repeated 
several times. The combined extract was filtered and the solvent was 
removed in rotavapor. The dried ethanolic extract was macerated 
with hexane and hexane insoluble fraction was further macerated 
with ethyl acetate. The ethyl acetate soluble fraction was dried in 
rotavapour. The dried ethyl acetate fraction stored in airtight 
containers and termed as EAXm. Fig 1 shows the typical HPLC 
profile of EAXm. The major peaks were identified as xyloccensis. 

 

 

Fig. 1: Typical HPLC profile of ethyl acetate fraction of epicarp of Xylocarpus moluccensis 
 

Effect on 3H-2-deoxyglucose uptake by L-6 skeletal muscle cells 

L6 cells grown in 24 well plates (6x104cells/well) were subjected to 
2-3H-deoxyglucose uptake as reported by Tamrakar et al. [11]. 
Briefly L6 myotubes were incubated with different concentrations of 
EAXm for 24 h with final 3 h in serum-deprived medium and a sub-
set of cells were stimulated with 100 nM insulin for 20 min. Glucose 
uptake was assessed for 5 min in HEPES-buffered saline [140 mM 
NaCl, 20 mM HEPES, 5 mM KCl, 2.5 mM MgSO4, 1 mM CaCl2 (pH 
7.4)] containing 10 μM 2-DG (0.5 μCi/ml 2-[3H] DG) at room 
temperature. After uptake period, radioactive solution was rapidly 
aspired, and the cell mono layers were washed three times with ice-
cold HEPES (0.9% Nacl and 25mM D-glucose) buffered saline 
solution. Cell associated radioactivity was determined by cell lysis in 
0.05N NaOH, followed by scintillation counting (Beckman Coulter, 
USA). All assays were performed in triplicates and normalized to 
total protein, was expressed as fold change with respect to control. 

Antidiabetic effects on streptozotocin-induced diabetic rats 

Diabetes was induced in rats by intraperitoneally injecting STZ 
(solution prepared in 100 mM citrate buffer (pH 4.5) at 60 mg/kg 
body weight dose and animals showing blood glucose level between 
270-450 mg/dl 48 hours later were considered as diabetic. The 
diabetic rats were divided into two sets consisted of three groups of 
six animals in each. In one set of the experiment the experimental 

groups were given suspension of metformin (100 mg/kg) and EAXm 
(100mg/kg) prepared in 1% gum acacia, respectively. Rats of 
control group were given an equal amount of 1% gum acacia 
(vehicle) and this group was termed as diabetic control. Blood 
glucose levels of all animals were again monitored at 30, 60, 90, 120, 
180, 240, 300 min and thereafter at 24 hours post administration of 
test substances. Food but not water was withheld from the cage 
during 0-300 min. The blood glucose level of each animal was 
plotted against time (min post treatment) and the area under curve 
(AUC) was calculated using Prism Software. The percent decline in 
AUC of experimental group compared to diabetic control group 
determined the percentage blood glucose lowering activity. 

In another set treatment of metformin, EAXm and 1.0 % gum acacia 
was continued for 10 consecutive days at the desired dose levels. 
The fasting blood glucose level of each animal was determined at the 
time of start and on day 10th when an oral glucose tolerance test of 
each rat was also performed post 3g/kg post glucose load. On day 
11th the blood was withdrawn from the retro-orbital plexus of each 
rat for the estimation of glucose, insulin, triglycerides, cholesterol, 
HDL-C and LDL-C levels. The insulin target tissues like muscle and 
adipose as well as non target tissues like liver and kidney were 
excised and the activities of few rate limiting enzymes of glucose 
metabolism in these tissues were determined [12]. The serum 
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insulin content was determined using the Elisa kit for rat serum 
insulin as provided by Linco Research Inc, USA.  

Antidiabetic effect on high fructose high fat diet fed and high 
sucrose high fat diet fed -low dosed streptozotocin treated 
diabetic rats 

Rats of one group were kept on homemade high fructose high fat 
(HFHFD) and the other high sucrose high fat diet fed (HSHFD) diets for 
two weeks. Half of the animals showing high serum triglycerides and 
cholesterol levels in these two groups were given streptozotocin by 
intraperitoneal injection at a dose of 45 mg/kg, whereas the other half 
served as control. The animals of the HSHFD and HFHFD groups 
injected with STZ showing impaired oral glucose tolerance two weeks 
later were separated in each and termed diabetic. At this stage the 
control as well as the diabetic animals were sub grouped into four 
consisted of six animals in each. First sub group is non diabetic control 
group; second group is diabetic control group while the other two 
groups were experimental group. Rats of experimental groups were 
treated with metformin and EAXm at 100 mg/kg respectively for 10 
consecutive days whereas the rats of control group received only 1.0 
% gum acacia during this period. The oral glucose tolerance test of 
each animal in each sub group was determined on both day 0 and day 
10th, respectively. At the end of experiment the animals were bled; 
serum was separated and analyzed for insulin, triglycerides, 
cholesterol, HDL and LDL-cholesterol, AST, ALT, ALP, urea, uric acid, 
creatinine as described earlier. 

Antidiabetic effect on db/db mice 

Prior to start of the test sample feeding on db/db mice, a vehicle 
training period was followed from day -3 to day 0 during which all 
the animals were given vehicle (1% gum acacia) at a dose volume of 
10 ml/kg body weight. At day 0 the animals having their random 
blood glucose levels between 180 to 300 mg/dl were finally selected 
and divided into three groups consisted of 6 animals in each. One 
group was considered as control group while the other two groups 
as experimental groups. The experimental groups were given 
metformin and EAXm (at the dose 50 and 100 mg/kg body weight 
dose), respectively. The control group always received an equal 
amount of vehicle. The blood glucose of each animal was determined 
everyday and on day 10th and day 15th glucose tolerance (OGTT) of 
each animal post 3 g/kg glucose load. On day 16th blood was 
withdrawn from the retro-orbital plexus of each animal for the 
estimations of serum triglycerides, cholesterol, high density 
lipoprotein cholesterol (HDL-C) and insulin levels as described 
earlier. At the end of the experiment the insulin target tissues like 
muscle and adipose and non insulin target tissues like liver and 
kidney were taken out of each mice under light ether anesthesia and 
approximate 100 mg of each tissue was frozen at -700C and the rest 
was stored at -20ºC and used for the estimation of enzyme activities 
as described earlier. 

Antidyslipidemic activity effects on dyslipidemic Syrian golden 
hamsters 

Dyslipidemia in male Syrian golden hamsters was produced by 
keeping the animals on high fructose high fat diet (HFD) for 40 days. 
The dyslipidemic hamsters as evidenced by high cholesterol and 
triglycerides levels in their sera were divided into five groups 
consisted of six animals in each, The experimental groups were 
administered the standard antidyslipidemic drug fenofibrate at 100 
mg/kg dose and the test substance EAXm at the doses of 50 and 100 
mg/kg body weight, respectively, for 10 consecutive days. The 
control animals were always given an equal amount of vehicle only 
and served. At the end of the experiment period i.e. on day 11th, the 
blood of each animal was withdrawn from retro-orbital plexus of 
each, serum separated and analyzed for total cholesterol, 
triglycerides, HDL and LDL-cholesterol using assay kits from Roche 
on Cobas Integra 400 automated analyzer. 

Preparation of tissue homogenates 

After the completion of treatment, animals were killed after an 
overnight starvation, and their liver, muscle and kidney were 
quickly excised for activity determination of key enzymes of 
carbohydrate metabolism. A 10 % homogenate of each was 

prepared in 150mM KCl (w/V) using Potter Elvejhem glass 
homogenizer fitted with Teflon pestle. The homogenates were 
centrifuged at 1000 r/min for 15 min at 40C; the supernatants were 
stored and used as enzyme source. Protein content of the 
supernatant was determined by the method of Lowry et al. [13]. 

Activity of Glucokinase (GK; EC 2.7.1.2) 

It was assayed according to the Porter and Chassy (14), which was 
based on the formation of G6Pase. The 1.0 ml assay mixture 
contained 4-(2-hydro-xyethyl)-1-piperazineethanesulfonic acid 
(HEPES) of 1 M (pH 7.5), Adenosine-5’-triphosphate (ATP) of 0.1 M 
(pH 7.0), MgCl2 of 0.1 M, Niotinamide adenine dinucleotide 
phosphate (NADP) of 0.01 M (pH 7.0), D-glucose of 0.5 M, G-6-
phosphatase dehydrogenase of 5 IU, and enzyme protein. Change in 
optical density was measured at 340 nm at 30 s interval for 3 min. 

Activity of Pyruvate kinase (PK; EC 2.7.1.40) 

PK was assayed according to the method of Buchner and Pfleiderer 
[15]. The reaction mixture contained 0.2 mM Tris-HCl (pH 7.4), 0.1 
mM KCl, 10 mM MgCl2, 5 mM Adenosine diphosphate (ADP), 5 mM 
Phosphoenolpyruvate (PEP).4 units LDH, 0.24 mM NADH2, and 
enzyme protein. Change in optical density was measured at 340 nm 
at 30 s intervals for 3 min. 

Activity of Glycogen phosphorylase (GP; EC 2.4.1.1) 

The activity of GP was measured according to the method of Berthet 
et al., 1956 [16]. The 1.0 ml assay mixture contained 0.2 ml nixture A 
(57 mg of glycogen, 188 mg of glucose-1-phosphate, 42 mg of NaF, 
and 5’ Adenosine monophosphate (AMP) (4 mM) in 10 ml distilled 
water) and 0.1 ml mixture B, enzyme protein. Thr tubes were 
incubated at 37oC for 30 min after which the reaction was 
terminated by the addition of 0.1 ml of 10% Tri-chloroacetic acid 
(TCA) and then 0.4 ml sodium acetate (100 mM) was added to 
prevent the spontaneous hydrolysis of glucose-1-phosphate present 
in the reaction mixture. The estimation of inorganic phosphate in the 
protein free supernatant was done according to the method of 
Taussky and Shorr [17]. 

Activity of Glucose-6-phosphatase (G-6-Pase; EC 3.1.3.9) 

The enzyme activity of G6Pase was measured according to the 
method of Hubscher et al [18]. The 1.0 ml assay system contained 
0.3 ml of citrate buffer 0.01 M (pH 6.0), 28 mM of 
ethylenediaminetetraacetic acid,14 mM of NaF, 200 mM of glucose – 
phosphate, and appropriate amount of enzyme protein. The tubes 
were incubated at 37oC for 30 min after which the reaction was 
terminated by the addition of 1.0 ml of 10% TCA. Estimation of 
inorganic phosphate in the protein-free supernatant was done 
according to the method of Taussky and Shorr [17]. 

Activity of Fructose bis phosphatase (FBPase; EC 3.1.3.11) 

The enzyme activity of FBPase was measured according to the 
method of Ulm et al [19].The 1.0 ml assay mixture contained 20 mM 
triethanolamine (pH 7.5), 2 mM MgCl2, 40 mM (NH4)2SO4, 0.15 mM 
fructose-1,6-bisphosphatase, 0.5 mM NADP, 0.1 mM EDTA, 1 U/ml of 
glucose-6-phosphatase dehydrogenase, and 1 U/ml of glucose 
phosphate isomerase. Change in the optical density was measured at 
340 nm at 30 s interval for 3 min. 

Activity of Phosphoenol pyruvate carboxykinase (PEPCK; EC 
1.1.3.2) 

It was assayed according to the method of Ward et al [20]. The 1.0 
ml assay mixture contained Tris-HCl buffer of 200 mM (pH 7.4), 
MnCl2 of 19 mM, NaHCO3 of 20 mM, Guanidine phosphate (GDP) of 1 
mM, 9 units of malate dehydrogenase, PEP of 5mM, NADH2 of 0.24 
mM, and enzyme protein. Optical density was measured at 340 nm 
at 30 s interaval for 30 min.  

In vitro effect on purified enzyme 

α-glucosidase (EC 3.2.1.20)  

This was done according to a slight modification of the procedure 
reported by Pistia-Brueggeman and Hollingsworth [21]. A reaction 
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mixture containing 500 μl of phosphate buffer (50 mM; pH 6.8), 100 
μl of intestinal α- glucosidase (1 U/ml), 190 μl of TDW and 10 μl of 
fraction of was pre-incubated for 10 min at 37°C and then 100 μl of 
glutathione (1 mg/ml) and 100 μl of 1 mM PNPG was added to the 
mixture as a substrate. After further incubation at 37°C for 20 min, 
the reaction was stopped by adding 500 μl of Na2CO3 (0.1 M). All the 
enzyme, inhibitor and substrate solutions were made using the same 
buffer. α-glucosidase activity was determined 
spectrophotometrically at 405nm by measuring the quantity of 
para-nitrophenol released from pNPG. The concentration of EAXm 
required to inhibit 50% α -glucosidase activity under the assay 
conditions was defined as the IC50 value. Experiments were done in 
triplicates. The inhibition percentage (%) was calculated by the 
equation:  

% Inhibition = (Asample/Acontrol)* 100-100 

Kinetics of Inhibition: α- glucosidase activity was measured with 
increasing concentration of p-NPG as a substrate in the absence or 
presence of EAXm. Enzyme kinetics data was analyzed by 
Lineweaver-Burk plot to point out the type of inhibition.  

Statistical analysis 

Each parameter was expressed as mean±SE of three independent 
experiments. Statistical analysis of each parameter between the 
groups was done by student’s t test. The p value of less than 0.05, 
0.01 and 0.001 were considered as significant, more significant and 
most significant, respectively. 

RESULTS 

Effect on 2-3H-deoxy-glucose uptake 

Differentiated myotubes were incubated with different 
concentrations of EAXm for 16 h under culture conditions and then 
10 µM 2-3H-deoxy-glucose (0.5 µCi/ml) in HEPES buffer, pH was 
added. The uptake was assessed for 5 min at room temperature. It 
was found that EAXm stimulated glucose uptake in a concentration-
dependent manner from 1 to 10 µg. The maximum effect was seen at 
10 µg/ml concentration which was calculated around 5.84 fold 
compared to control cells. On comparison the standard antidiabetic 
drug metformin caused nearly 1.78 fold stimulation at 500μg/ml 
concentration (Fig 2). 

 

 

Fig. 2: Effect of EAXm and metformin on 2-3H-deoxyglucose uptake by differentiated myotubes (L-6) 
 

Single Dose Effect 

Effect on streptozotocin-induced diabetic rats 

Table 1 shows the effect of EAXm and metformin on blood glucose 
profile on streptozotocin-induced diabetic rats. Single dose 
treatment of EAXm at 100 mg/kg dose to streptozotocin-induced 

caused lowering on their blood glucose profile to the average of 22.8 
% during 0 to 5 hours and 34.1 % during 0 to 24 hours. The effect of 
EAXm was comparable to the blood glucose lowering effect of 
standard antidiabetic drug metformin which showed nearly 24.2 
and 33.8 % lowering in blood glucose level during this period on 
streptozotocin treated diabetic rats.  

 

Table 1: Effect of EAXm and metformin on blood glucose profile of streptozotocin-induced diabetic rats 

 

Values are mean± S.E. of 5 rats.Statistical significance p*<0.05, p**<0.01, p***<0.001 
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Multiple Dose Effect 

Antidiabetic effect of EAXm on streptozotocin-induced diabetic 
rat  

Effect on fasting blood glucose and oral glucose tolerance 
(OGTT) 

Fig 3a and 3b depict the effect of EAXm on OGTT post glucose load 
on day 0 and 10 post treatment. It is evident from results that EAXm 
lowered the fasting blood glucose level to around 25.7 % and 
improved OGTT to around 21.7 % when given at 100 mg/kg for 10 
consecutive days. The metformin treated group showed nearly 35.6 
% lowering on fasting blood glucose profile and 26.2 % 
improvement on OGTT on day 10 (Table 2). 

Effect on serum insulin, fructosamine and lipid profile 

Table 2 also showed the serum insulin, fructosamine and lipid 
profiles of sham treated control, EAXm treated and metformin 
treated groups on day 11. EAXm and metformin treated groups 
showed increased serum insulin profiles compared to sham treated 
control group and the respective increase were calculated to be 
around 36.6 % and 25.5 %. EAXm also caused nearly 24.9 % decline 
in the serum fructosamine level whereas the metformin treated 
group showed though nearly 19.0 % decline on serum fructosamine 
level but the effect was insignificant. Around 31.5% lowering in 
serum triglyceride, and around 9.96 % in serum LDL-C level was 
seen respectively in the EAXm treated group. There was found no 
significant effect on serum cholesterol level either by EAXm or 

metformin, however, EAXm treatment increased serum HDL-C level 
to around 24.7 %. Metformin treatment did not cause significant 
effect on serum HDL-C level on streptozotocin-induced diabetic rats.  

Effect of EAXm on regulatory enzyme of carbohydrate 
metabolism of muscle liver and kidney of streptozotocin-
induced diabetic rats 

The activity profile of few key regulatory enzymes of glycolysis, 
gluconeogenesis and glycogenolysis in sham treated non diabetic, 
sham treated streptozotocin-induced diabetic control and 
streptozotocin-induced diabetic animals treated with EAXm for 10 
consecutive days are presented in Tables 3 to 5. The activities of 
pyruvate kinase and phosphofructokinase were found elevated in 
liver and kidney of streptozotocin-induced diabetic rats whereas, 
the activity of glucokinase was found elevated in liver of these rats 
only. Although in muscle tissues the activities of said enzymes were 
found decreased, however, glucose-6-phosphatase, fructose-1, 6 
bisphosphatase and phosphoenolpyruvate carboxykinase were 
likewise elevated in these three tissues i.e. liver and kidney and but 
glucose-6-phosphatase was not detected in the muscle of 
streptozotocin-induced diabetic rats. Glycogen phosphorylase was 
found to be significantly elevated especially in muscle tissue of 
streptozotocin-induced diabetic rats compared to normal rats. 
Administration of EAXm to the streptozotocin-induced diabetic rats 
for 10 consecutive days induced significant decrease in glucose-6-
phosphatase and fructose-1, 6-bisphosphatase activity mainly in the 
liver. EAXm treatment resulted in greater decrease of glycogen 
phosphorylase enzyme activity in all three studied tissues. 

 

 
Fig. 3a and 3b depicts the oral glucose tolerance on day 0 and day 10th post treatment in streptozotocin induced diabetic rats 

 

Table 2: Effect of EAXm and metformin on blood glucose, serum insulin, fructosamine and lipid profiles of streptozotocin treated diabetic rats 

 

Values are mean ±S.E. of six rats, Statistical significance *<.05, **<.01, ***<.001 and ns not significant 
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Table 3: Effect of EAXm on key enzymes of glycolysis, glycogenolysis and gluconeogenesis in liver of streptozotocin induced diabetic rats 

  

 

Table 4: Effect of EAXm on key enzymes of glycolysis, glycogenolysis and gluconeogenesis in kidney of streptozotocin induced diabetic 
rats 
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Table 5: Effect of EAXm on key enzymes of glycolysis, glycogenolysis and gluconeogenesis in muscle of streptozotocin induced diabetic 
rats 

 
 

Antihyperglycaemic activity EAXm on High fructose high fat diet 
fed streptozotocin treated diabetic rats 

Effect on body weight 

Table 6 presents the effect of EAXm, metformin and fenofibrate on body 
weight of high fructose high fat diet fed streptozotocin-induced diabetic 
rats. Nearly 11.4 % decrease in body weight was observed in the EAXm 
treated group whereas metformin did not cause any marked effect on 
the body weight. Fenofibrate treated group showed nearly 14.5% 
decline in body weight compared to sham treated control. 

Effect on fasting blood glucose and oral glucose tolerance 
(OGTT) 

Fig 4 a and 4b depict the effect of EAXm, metformin and 
fenofibrate on OGTT of high fructose high fat diet fed 
streptozotocin treated rats on day 0 and 10 post treatment. It 
was evident from the results that EAXm treatment lowered the 
fasting blood glucose level and improved OGTT after 10 days of 
consecutive treatment. The respective lowering on fasting blood 
glucose profile was calculated to around 32.7%, whereas 
improvement on OGTT was calculated around 26.9% (p<0.05) by 
EAXm at 100 mg/kg dose. The metformin treated group showed 
around 24.3% lowering on fasting blood glucose profile and 

29.6% improvement on OGTT respectively. The effect of 
fenofibrate on either fasting blood glucose profile or OGTT on 
streptozotocin-induced diabetic rats was not significant. 

Effect on serum insulin level, fructosamine and lipid profile 

Table 6 also showed the serum insulin, fructosamine and lipid 
profiles of sham treated control, EAXm, metformin and 
fenofibrate treated groups. The EAXm, metformin or fenofibrate 
treatment did not cause any effect on serum insulin levels but 
EAXm treated group showed decline in their serum fructosamine 
level to the tune of 26.1 %. EAXm treated group showed 38.4% 
decline in their serum triglycerides and 17.8 % decline in their 
serum cholesterol level and 28.3 % decline in their serum LDL-C 
levels compared to sham treated control. EAXm treated group 
also showed around 30.2 % increase in their serum HDL-C level. 
Fenofibrate treatment caused nearly 33.3% decline in their 
serum triglycerides, 13.5 % decline in their serum cholesterol 
and nearly 30.4 % decline in their serum LDL-C levels compared 
to sham treated control, Fenofibrate treatment also caused 
33.2% increase in their HDL-C level. Metformin treatment did 
not show any significant effect on the level of either serum 
triglycerides, cholesterol, LDL-cholesterol or HDL-cholesterol 
levels. 

 

   

Fig. 4a and 4b: Depicts the oral glucose tolerance on day 0 and day 10th post treatment in high fructose high fat fed streptozotocin induced 
diabetic rats 
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Table 6: Effect of EAXm on blood glucose lowering and serum lipid profile in high fructose high fat fed streptozotocin treated diabetic rats 

 

Values are mean± S.E. of six rats. Statistical significance *p<.05, **p<.01, ***p<.001 and ns= Not significant. 
[ 

Effect on liver and kidney function tests 

Table 7 showed the effects of EAXm, metformin, on liver and 
kidney functions on high fructose high fat diet fed streptozotocin-
treated rats. EAXm treatment resulted in 25.5 % lowering in 
serum ALT and 16.7 % lowering in serum AST and 9.40 % 
reduction in the serum ALP levels whereas metformin resulted 

around 18.4 lowering in serum ALT, 15.5% lowering in serum AST 
and 21.4% lowering in serum ALP, respectively. EAXm treatment 
also caused decline in the serum uric acid by around 21.6 %, 
serum creatinine level by around 28.3% and serum urea level by 
around 37.9 %. Metformin did not cause any significant effect on 
either serum uric acid or creatinine level but it caused significant 
decline in the serum urea level by around 25.3 %.  

 

Table 7: Effect of EAXm on the liver function and renal function profile of high fructose high fat diet fed streptozotocin treated diabetic rats 

 

Values are mean±SE. Statistical significance *p<.05, **p<.01, ***p<.001 
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Antihyperglycaemic activity of EAXm on high sucrose high fat 
diet fed streptozotocin treated diabetic rats  

Effect on body weight 

Table 8 presents the body weight of sham treated, EAXm, metformin 
and fenofibrate treated groups. EAXm caused nearly 11.4 % declines 
in the body weight. Metformin did not cause any significant effect on 
body weight whereas, fenofibrate treated group showed nearly 14.5 
% decline in body weight. 

Effect on fasting blood glucose and oral glucose tolerance 
(OGTT) 

Fig 5a and 5b depict the effect of EAXm, Metformin and fenofibrate 
on fasting blood glucose and improvement on OGTT before start and 
after treatment. EAXm caused lowering in fasting blood glucose level 
and improved oral glucose tolerance of high sucrose high fat diet fed 
streptozotocin-treated rats. The respective lowering in fasting blood 
glucose profile by EAXm was calculated to be around 31.3%, 
whereas the respective improvement on OGTT was calculated to be 
around 29.1 % by EAXm at 100 mg/kg dose. Metformin caused 
around 32.4 % lowering on fasting blood glucose profile and 27.2 % 
improvement on OGTT respectively. Fenofibrate treatment did not 

show any effect on either fasting blood glucose level or any 
improvement on OGTT of high sucrose high fat diet fed 
streptozotocin-induced diabetic rats.  

Effect on serum insulin level, fructosamine and lipid profile 

Table 8 also shows the serum insulin, fructosamine and lipid profiles 
of sham treated control, EAXm, metformin and fenofibrate treated 
groups. EAXm treatment significantly decreased the serum insulin 
level of high sucrose high fat diet fed streptozotocin treated rats and 
this effect was calculated around 15.1%. Metformin and fenofibrate 
treatment did not cause any significant effect on serum insulin level or 
fructosamine level whereas EAXm treatment caused nearly 24.3% 
decline in serum fructosamine level. EAXm treated group showed 
nearly 56.5% decline in their serum triglycerides, 23.5 % decline in 
their serum cholesterol level and 24.5 % decline in serum LDL-C level. 
EAXm treated group showed increased serum HDL-C level and which 
was calculated to be around 32.7 %. Fenofibrate treatment also caused 
44.8 % decline in serum triglycerides, 20.3 % decline in serum LDL-C, 
and 7.99 % decline in serum cholesterol level and nearly 17.8 % 
increase in serum HDL-C level. Metformin treatment resulted only 
18.2 % lowering in serum triglyceride whereas no marked effect of 
metformin was observed on serum cholesterol, LDL-C or HDL-C levels. 

[ 

 

Fig. 5a and 5b: Depicts the oral glucose tolerance on day 0 and day 10th post treatment in high fructose high fat fed streptozotocin induced 
diabetic rats 

 

Table 8: Effect of EAXm on blood glucose lowering and serum lipid profile in high sucrose high fat fed streptozotocin treated diabetic rats 

 

Values are mean± S.E. Statistical significance *p<.05, **p<.01, ***p<.001 and ns= not significant 
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Table 9: Effect of EAXm on the liver function and renal function profile of high sucrose high fat diet fed streptozotocin treated diabetic 
rats 

 

Values are mean ± SE. Statistical significance *p<.05, **p<.01, ***p<.001 and ns= not significant 

 

Table 10a: Effect of EAXm on random blood glucose profile of db/db mice 

 

Values are mean± S.E.; Statistical significance *p<.05, **p<.01, ***p<.001 
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Effect on liver and kidney function tests 

Table 9 showed the effect of EAXm, metformin and fenofibrate on 
liver and kidney function tests of high sucrose high fat diet fed 
streptozotocin-induced diabetic rats. EAXm treatment to these 
rats resulted nearly 32.8 % lowering in serum ALT, 19.6 % 
lowering in serum AST and 16.2 % lowering in serum ALP. 
Metformin and fenofibrate caused nearly 15.2 and 10.2 % 
lowering in serum ALT, 17.7 and 12.1 % lowering in serum AST 
and 19.1 and 11.4 % decline in serum ALP, respectively. ETXm 
caused nearly 20.4 % reduction in serum uric acid level, 28.7 % 
lowering in serum creatinine level and 33.8 % lowering in serum 
urea level was observed. Metformin and fenofibrate treatment did 
not cause any marked effect on serum uric acid levels, whereas, 
these caused nearly 20.3 and 11.9 % decline in serum creatinine 
and nearly 25.1 and 14.9 % decline in the serum urea levels of 
high sucrose high fat diet fed streptozotocin-induced diabetic rats. 

Antihyperglycemic and antidyslipidemic effect of EAXm and 
pioglitazone on db/db mice 

Table 10a depicts the dose and time dependent effect of EAXm and 
pioglitazone on random blood glucose profile of db/db mice. The 

results reveals that the EAXm at 100 mg/kg dose produces more 
significant decline in random blood glucose of db/db mice from day 
4th post daily treatment till the end of the experiment, whereas at 
50.0 mg/kg dose, EAXm lowered the random blood glucose from day 
11th that persisted till the end of the experiment. The standard drug 
pioglitazone at dose 10.0 mg/kg caused significant decline in 
random blood glucose from day 3rd which persisted till the end of 
the experiment (Fig 6a). 

Table 10 b and 10c depicts the effect of EAXm and pioglitazone on 
improvement of OGTT post treatment. The fasting baseline blood 
glucose value at 0 min was found lowered in both EAXm or 
pioglitazone treated groups on 10 and 15 days post treatment, as 
compared to vehicle treated control group. Treatment of EAXm at 
100 mg/kg body weight dose and pioglitazone effectively inhibited 
the rise in postprandial blood glucose post glucose load of 3.0 
gm/kg body weight. The percent improvement on OGTT by EAXm 
at 50 and 100 mg/kg doses was calculated around 17.1 and 35.6 
on day 10 and 24.1 and 39.8% respectively. Pioglitazone treatment 
to db/db at 10.0 mg/kg dose caused an improvement on OGTT by 
around 18.4 % on day 10 and 37.1 % on day 15, respectively (Fig 
6b and 6c). 

 

Table 10b: Effect of EAXm on oral glucose tolerance test (OGTT) on 10 day post reatment 

 

Values are mean±SE. Statistical significance *P<.05, **P<.01, ***P<.001 
 

Table 10c: Effect of EAXm on oral glucose tolerance test (OGTT) on day 15th post treatment 

 

Values are mean ± SE. Statistical significance *p<.05, **p<.01, ***p<.001 
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To see the other beneficial effect of EAXm and pioglitazone, their 
lipid lowering as well as insulin resistance reversal activity were 
also assessed on these mice. Table 10d presents the results of the 
same. Repeated oral gavages of EAXm and pioglitazone to db/db 
mice for 15 consecutive days caused significant decline in their 
fasting blood glucose and serum insulin levels. EAXm treated mice 
showed around 23.2 and 38.8 % decline in their fasting blood 
glucose on day 16th at 50 and 100 mg/kg doses. Pioglitazone treated 
db/db mice showed around 37.4 % decline in their fasting blood 
glucose level compared to sham treated control. Both EAXm as well 
as pioglitazone improved the insulin sensitivity by declining the 

hyperinsulinic conditions as compared to vehicle treated group. 
EAXm declined the insulin level by 14.8 and 22.2% at 50 and 100 
mg/kg doses (fig 6d). Pioglitazone treatment group caused declined 
serum insulin level by 51.5% at 10.0 mg/kg dose. However, EAXm 
displayed better antidyslipidemic activity as compared to 
pioglitazone. EAXm declined the serum triglyceride level by 16.1 and 
25.3 % at 50 and 100 mg/kg dose and enhanced serum HDL-C level 
by 12.4 and 27.1% these doses whereas pioglitazone treatment 
enhanced serum HDL-C by 18.4%. Treatment with either EAXm or 
pioglitazone did not cause any significant effect on total serum 
cholesterol levels of db/db mice (Fig 6e). 

 

Table 10d: Effect of EAXm and pioglitazone on fasting blood glucose, serum insulin and serum lipid profiles of db/db mice 

 

Values are mean ±S.E; Statistical significance *p<.05, **p<.01, ***p<.001 

 

 

Fig. 6a: Effect of EAXm and pioglitazone on random blood glucose profile of db/db mice 

 

 

 

Fig. 6b and 6c: Effect of EAXm and pioglitazone on oral glucose tolerance test (OGTT) on 10 day (A) and 15 day (B) post treatment 
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Fig. 6d: Effect of EAXm and pioglitazone on fasting blood glucose, serum insulin and HOMA-index of db/db mice 
 

 

Fig. 6e: Effect of EAXm and pioglitazone on serum lipid profile of db/db mice 
 

Effect of EAXm on regulatory enzymes of carbohydrate 
metabolism in muscle, liver and kidney tissues of db/db mice 

Table 11-13 presents the activity profiles of few key regulatory 
enzymes of glycolysis, gluconeogenesis and glycogenolysis in liver, 
kidney and muscle tissues of sham treated non diabetic mice (db+), 
diabetic db/db and diabetic db/db treated with EAXm for 15 
consecutive days. The activity of pyruvate kinase, and 
phosphofructokinase were found elevated in liver and kidney 
tissues of whereas the activity of glucokinase was elevated in liver 
tissue. In muscle tissue the activities of these enzymes were found 
decreased in sham treated diabetic rats compared to sham treated 

control. Glucose-6-phosphatase, fructose-1, 6 bisphosphatase and 
phosphoenolpyruvate carboxykinase were found elevated in liver 
and kidney tissues and fructose 1,6-bisphosphatase and 
Phosphoenolpyruvate carboxykinase in muscle tissue of the STZ-
induced diabetic rats. Glycogen phosphorylase was found to be 
significantly elevated especially in muscle tissue of diabetic db/db 
control mice compared to db/+ lean control of the same strain. 
Administration of EAXm to the db/db mice for 15 consecutive days 
induced significant decrease in the glucose-6-phosphatase and 
fructose-1, 6-bisphosphatase activity mainly in the liver. EAXm 
treatment resulted in greater decrease of glycogen phosphorylase 
enzyme activity.  

 

Table 11: Effect of EAXm on key enzymes of glycolysis, glycogenolysis and gluconeogenesis in liver of db/db mice 
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Table 12: Effect of EAXm on key enzymes of glycolysis, glycogenolysis and gluconeogenesis in kidney tissue of db/db mice 

 
 

Table 13: Effect of EAXm on key enzymes of glycolysis, glycogenolysis and gluconeogenesis in muscle of db/db mice 

 

 

Effect of EAXm on α-glucosidase 

Fig.7a displays the inhibition on α-glucosidase by EAXm. EAXm 
caused around 50% inhibition at 28.4µg/ml concentration. Fig.7b 
displays Lineweaver-Burk plot. The α-glucosidase was treated with 

various concentrations of pNPG (20-120 µM) in the absence or 
presence of EAXm. The type of inhibition by EAXm on alpha-
glucosidase was analyzed using Lineweaver Burk plot. The double-
reciprocal plot displayed mixed type of inhibition as both Km and 
Vmax were affected. 
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Fig. 7a and 7b: Inhibition of α-glucosidase by EAXm at various concentrations 

 

Antidyslipidemic activity of EAXm and fenofibrate in male 
Syrian golden hamsters 

Table 14 represents the serum lipid profile of sham treated 
dyslipidemic Syrian golden hamsters, and dyslipidemic hamsters 
treated with 50 and 100 mg/kg EAXm and 100 mg/kg 
fenofibrate for 10 consecutive days. EAXm caused dose 
dependent decline in their serum triglycerides by around 41.0, 
and 68.5 %, serum cholesterol by around 10.5 and 22.8 %, serum 
LDL-C by 25.4 and 40.7 %, glycerol level by around 19.8 and 28.4 
% and increased serum HDL-C levels by around 12.7 and 24.3 %, 
respectively at 50 and 100 mg/kg dose respectively. EAXm also 

caused decline in non esterified free fatty acids (NEFA) level by 
around 33.0 % at 100 mg/kg dose. The serum lipoprotein lipase 
(LPL) activity was also found increased by 43.4 % by EAXm 
treatment at the dose of 100 mg/kg body weight. Fenofibrate 
was used as a positive standard which caused around 41.1 % 
lowering in serum triglyceride, 29.1 % lowering in serum 
cholesterol, 57.6 % in serum LDL-C, 27.3 % lowering in glycerol 
and around 30.5 % lowering in NEFA at 100 mg/kg dose. 
Fenofibrate also caused an increase in serum HDL-C level to the 
tune of 20.9 % and LPL activity by around 37.8 %. Treatment 
with either EAXm or fenofibrate did not affect the body weight of 
the hamsters.  

 

Table 14: Effect of EAXm and Fenofibrate on serum lipid profiles of male golden hamsters 

 

Values are mean ± S.E. of 6 hamsters, Significance: * p <0.05, ** p<0.01, ns= not significant compared to sham treated control and ND = Not done. 
 

DISCUSSION 

The results of the present study clearly indicate that ethyl acetate 
fraction of the fruits of X. moluccensis (EAXm) has both antidiabetic 
and antidyslipidemic effects in a variety of animal models of 
diabetes mellitus and dyslipidemia. In streptozotocin-induced 
diabetic rat model, streptozotocin causes the destruction of β-cells of 
pancreas leading to a hyperglycemic condition [22]. EAXm 
treatment led to a significant fall in the elevated blood glucose level. 
The antihyperglycaemic effect of the fraction was found to be 
comparable to standard drug metformin. However, single dose 
treatment of fraction did not lower the blood glucose to the normal 

level, multiple dose treatment of EAXm for 10 consecutive days 
improved glucose tolerance without any significant effect on either 
food uptake (data not shown) or the body weight of the animals (Fig 
2a, 2b and Table 2). The observed glucose lowering effect of the 
fraction was found to be associated with significant increase in 
serum insulin level, suggesting that fraction may induce the release 
of insulin from pancreas. The fraction also exerted beneficial effect 
on lipid profile in streptozotocin-induced diabetic rats characterized 
by significant decline in serum triglycerides and increase in HDL-C 
levels. The antidiabetic and antidyslipidemic efficacy was also 
studied both high fructose as well as high sucrose high fat fed animal 
models that displayed hyperglycemia, dyslipidemia as well as 
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obesity. It is well documented that intake of high carbohydrate high 
fat diet (HCHF) are the main causative factors for the development 
of hyperglycemia, dyslipidemia, obesity, insulin resistance and 
hypertension in rats [23, 24]. In the present study the hyperglycemic 
and hyperlipidemic rat models were developed by feeding high 
carbohydrate and high fat fed (HCHF) diets for two weeks and then 
injecting mild dose of streptozotocin that results in the development 
of persistent hyperglycaemia and other secondary diabetic 
complications i.e. elevated levels of liver and kidney functions 
parameters. These results are in accordance with the published 
reports [25, 26, 27]. These models for screening of wide variety of 
plant fractions and synthetic compounds for their antidiabetic, 
antidyslipidemic, insulin resistance reversal activity and also for 
studying the effects on secondary complications like liver and 
kidney damage in type 2 diabetes mellitus has also been advocated 
by many of the investigators. 

EAXm treatment for 10 consecutive days caused significant 
improvement on glucose tolerance to either high fructose high fat 
fed streptozotocin diabetic rats (HFD-STZ) or high sucrose high fat 
fed streptozotocin treated diabetic rats (HSD-STZ). The probable 
mechanism of antihyperglycaemic activity may be due to either 
insulin mimetic or insulin secretagogue activity of EAXm. However, 
the possibility of insulin resistance reversal activity in EAXm can’t be 
ruled out. The standard drug metformin which is an insulin 
sensitizer, also showed antihyperglycaemic activity in these two 
models. The increase in serum insulin levels in these two models by 
the development of insulin resistance in these animals due to high 
fat feeding. Therefore the fraction is thought as insulin mimetetic, 
insulin secretaceous and insulin sensitizers. EAXm treatment also 
displayed promising triglyceride and LDL-C lowering activity in 
HFD-STZ and HSD-STZ rats. EAXm also lowered the elevated level of 
cholesterol in HCHF-STZ and fraction was found to have more 
triglyceride and cholesterol lowering activity as compare to 
fenofibrate treatment at the same oral dose. The interesting feature 
is that continuous feeding of EAXm results in the significant 
elevation of the cardio-protective HDL-C level in HFD- STZ and HSD-
STZ rats which is a favorable effect [28]. 

The high carbohydrate high fat diet fed streptozotocin rats showed 
liver and renal damage. The treatment of both the EAXm and 
metformin showed improvement in the liver and renal functions. 
EAXm displayed enormous ability to improve the liver and renal 
functions as evidenced by decline in the activity of AST, ALT, urea and 
levels of uric acid and creatinine levels in the serum, thus improving 
the liver and kidney functions. Metformin also showed ability to 
improve liver functions in the present animal model. Metformin is well 
known drug in the treatment of nonalcoholic steatohepatitis [29]. 
EAXm and metformin also decreases the levels of serum fructosamine 
i.e. improving the diabetic injury and the degree of improvement in 
diabetic injury by fraction is greater than that to metformin. 

Further antidyslipidemic activity was confirmed in high fructose 
high fat fed Syrian golden hamsters. As evident from the results that 
after 10 days continuous feeding of the EAXm, significantly reduced 
total cholesterol, triglyceride, and LDL-C while at the same time 
significantly increased the HDL-C level in serum of high fat fed male 
Syrian golden hamster. The observed antidyslipidemic effect of 
EAXm was comparable to standard antidyslipidemic drug 
fenofibrate at the same dose level.  

Finally antihyperglycaemic and antidyslipidemic activity of the 
fraction EAXm was assessed in the knockout mice model i.e. db/db 
mice. db/db mice exhibit an initial phase of hyperinsulinemia, 
hyperglycemia, hyperphagia and obesity [30]. This fraction has 
shown better antidyslipidemic activity as compare to piogltazone at 
the same dose and also overcomes the limitations of piogltazone as 
remarkable glucose lowering activity and insulin reversal activity 
was seen in db/db mice. The plioglitazone treated group showed 
strong glucose and insulin lowering activity but unable to lower 
down the increased level of triglyceride and cholesterol in the serum 
of db/db mice. The treatment of plioglitazone did not increase the 
level of HDL-C besides mildly altering its level in the serum of db/db 
mice at same doses. EAXm displayed significant effect on diabetic 
hypertriglyceridemia this could be through its control of 

hyperglycemia. This is in agreement with the fact that (i) the level of 
glycemic control is the major determinant of total and very low 
density lipoprotein (VLDL) triglyceride concentrations (ii) improved 
glycemic control following sulfonyl urea therapy decreases levels of 
VLDL and total triglycerides [31]. Evidence from other studies 
suggests an important role for tissue lipid levels in insulin action 
[32]. 

In diabetes mellitus, deficiency or insensitivity of the insulin causes 
derangement in carbohydrate metabolism, a decrease in the 
enzymatic activity of glycolytic pathway and an increase in the 
enzymatic activity of gluconeogenesis. In the present study, the 
activities of the enzyme of these pathways were significantly altered 
in the diabetic control. The activity of the regulatory enzyme of 
carbohydrate metabolism was measured as the second step, after 
insulin measurement, to find out whether these antihyperglycaemic 
leads implicated as antihyperglycaemic agent modulate the key 
enzyme involved in the glucose metabolism during its course of 
action. The severity of diabetic state as indicated by the degree of 
hyperglycaemia bear a significant correlation with the alteration in 
hepatic glycolytic and gluconeogenic enzyme activities. Enzyme 
abnormalities in the tissues of diabetic rats [33], db/db mice [34] 
and NOD mice [35] have been well documented. Liver and skeletal 
muscles are insulin dependent tissue while kidney is insulin 
independent tissue for the uptake of glucose and this primarily 
reflects the differences in their ability to metabolize cellular glucose. 
As described earlier, in the diabetic condition the theory of glucose 
over and under utilization by the peripheral tissues plays a central 
role in disorder of glucose metabolism leading to elevated systemic 
glucose [36]. Results of the present studies indicate lower levels of 
the hepatic glycolytic enzymes while elevated levels of hepatic 
gluconeogenic enzymes in the diabetic animals. These results are 
consistent with earlier published results [37]. Both these actions are 
directly responsible for decreased uptake and utilization of glucose 
in the liver. In kidney, overutilization of cellular glucose occurs 
through elevated activities of the glycolytic enzymes. However renal 
gluconeogenic enzymes are elevated, similar to hepatic 
gluconeogenic enzymes thereby correlated to the uncontrolled 
glucose homeostasis at both cellular and systemic level. Activities of 
GK and PFK have shown to be very sensitive signs of the glycolytic 
pathway [38] and these are decreased in the liver and muscle in 
diabetic state. Administration of insulin causes normalization of the 
enzymatic activities [39] and therefore measurement of the activity 
of these enzymes represents a method to assess peripheral 
utilization of glucose. Administration of the fraction EAXm increased 
the activity of all three enzymes towards nondiabetic controls 
suggesting that the antihyperglycaemic action seen is the result of 
increased glucose utilization at the level of skeletal muscle as well as 
liver. However it is not possible to deduce from the present finding 
that this increase in glycolytic enzymatic activity occurred 
secondary to the treatment mediated release of insulin or whether a 
component of the fractions EAXm have insulinomimetic action. Since 
STZ-insulin diabetes is an insulin deficient model, the probably of 
insulinomimetic effect seems more probable. 

The hepatic gluconeogenic enzyme activities in diabetic animal were 
found much higher as compare to non diabetic animals. 
Gluconeogenic enzyme activities were also significantly elevated in 
kidney of diabetic animals but these elevations were less 
pronounced than those observed for liver. These antihyperglycemic 
agents helped in the significant restoration of the elevated 
enzymatic activity of glucose-6-phosphatase in the diabetic animals 
post treatment. Glucose-6-phosphatase enzyme plays an important 
role in glucose homeostasis in liver and kidney [40]. These results 
are similar to others where several plant extracts decreased the 
activity of this enzyme in diabetic condition [41, 42]. Activity of 
other two enzyme of gluconeogenesis i.e. fructose 1, 6-
bisphosphatse and phosphoenolpyruvate carboxykinase was also 
found to be suppressed after treatment with these 
antihyperglycaemic agents. Thus these antihyperglycaemic agents 
may have acted by decreasing glucose production by 
gluconeogenesis.  

The present results support the possibility that treatment of EAXm 
to diabetic animals could affect regulatory enzyme of carbohydrate 
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metabolism. Alteration in the activities of enzymes effected by these 
antihyperglycaemic agents treatment as elucidated in this study 
suggest that a normal glucose metabolism, in peripheral tissues such 
as liver and kidneys, is critical in achieving normoglycemia or 
normal blood glucose homeostasis.  

Postprandial hyperglycemia is the key problem in diabetes mellitus. 
The enzyme alpha-glucosidase (EC 3.2.1.20), present in the 
epithelial mucosa of small intestine is an important enzyme, 
catalyses the final step in the digestive process of carbohydrates i.e. 
conversion of polysacharide to monosaccharide which is absorbed 
through intestine [43]. Inhibition of alpha-glucosidase can slow the 
uptake of dietary carbohydrates and suppress postprandial 
hyperglycaemia [44]. In the present study EAXm showed a dose 
dependent inhibition of alpha-glucosidase activity with an IC50 
value of 28.4 µg/ml. These findings suggests antidiabetic effect of 
ethyl acetate fraction EAXm may be mediated via the inhibition of 
alpha-glucosidase. 

On the basis of present findings, the fraction EAXm have shown 
enormous ability to lower down blood glucose and normalizing 
insulin level, strong antidyslipidemic activity in the validated animal 
model of diabetes mellitus, it also improves insulin resistance in 
db/db mice hence it is advantageous to develop insulin sensitizer 
with additional lipid lowering properties for clinical use. It can be 
assumed that EAXm from X. moluccensis could be a potential lead 
discovery for the management of type 2 diabetes mellitus.  

ACKNOWLEDGEMENTS  

This investigation received financial support from Ministry of Earth 
Sciences (MoES) in the form of research project “Development of 
Potential Drugs from Ocean” to CDRI, Lucknow. This paper bears 
CDRI communication number 

REFERENCES 

1. Horton ES, Can Newer Therapies Delay the Progression of Type 
2 Diabetes Mellitus? Endocr. Pract. 2008; 14(5): 625-638. 

2. King H, Aubert RE, Herman WH. Global burden of 
diabetes,1995 –2025: prevalence, numerical estimates, and 
projections. Diabetes Care.1998; 21(9): 1414-1431.  

3. Kavishankar GB, Lakshmidevi N, Murthy SM, Prakash HS and 
Niranjana SR. Diabetes and medicinal plants-A review. 
International Jr of Pharmacy and Biomedical Sciences. 2011; 2: 
65-80. 

4. Jarald E, Joshi SB, Jain DC. Diabetes and herbal medicines. 
Iranian Journal of Pharmacology and therapeutics.2008; 7: 97-
108. 

5. Sarker SD, Uddin SJ, Shilpi JA, Razina R, Mohsina FME, Lutfun N. 
Neuropharmacological Properties of Xylocarpus Moluccensis. 
Fitoterapia.2007; 78, 107-111. 

6. Lakshmi V, Gupta P, An overview of the genus Xylocarpus. Nat 
Prod Res.2008; 22(14): 1197-1224. 

7. Saxena E, Babu UV. Constituents of carapa grantatum. 
Fitoterapia, 2001;72: 186-87. 

8. Srivastava AK, Srivastava S, Srivastava SP,Raina D, Ahmad R, 
Srivastava MN, Raghubir R, Lakshmi V. Antihyperglycaemic and 
antidyslipidaemic activity in ethanolic extract of a marine 
mangrove Xylocarpus granatum. Journal of Pharmaceutical and 
Biomedical Sciences, 2011; 9 (22): 1-12.  

9. Kishi K, Muromoto N, Nakaya Y, Miyata I, Hagi A, Hayashi H,  
Ebina Y. Bradykinin directlytriggers GLUT4 translocation 
via an insulin-independent pathway. Diabetes. 1998; 
47(4):550–8 

10. Ueyama A, Yaworsky KL, Wang Q, Ebina Y, Klip A. GLUT-4myc 
ectopic expression in L6 myoblasts generates a GLUT-4-specific 
pool conferring insulin sensitivity Am. J. Physiol. 1999;277:, 
E572–8 

11. Tamrakar AK, Schertzer JD, Chiu TT, Foley KP, Bilan PJ, Philpott 
DJ, Klip A.NOD2 activation induces muscle cell-autonomous 
innate immune responses and insulin resistance. 
Endocrinology.2010; 151: 5624-5637. 

12. Tamrakar AK, Singh AB, Srivastava AK. Db/+ mice as an 
alternate model in antidiabetic drug discovery research. 
Archives of Medical Research, 2009; 40: 73-78. 

13. Lowry OH, Rosebrough NJ, Farr AL, Randall RJ. Protein 
measurement with the Folin phenol reagent J Biol Chem. 
1951;193: 265-275. 

14. Porter EV, Chassy BM. Glucokinase from Streptococcus mutans. 
Methods Enzymol. 1982; 90: 25-30.  

15. Bucher T. and Pfleiderer G. Pyruvate kinase from muscle. In 
Colowick, S. P. and Kaplan, N. O. (eds), Methods in Enzymology. 
Academic Press, London, 1955;Vol. 1, pp. 435–440. 

16. Berthet J, Jacques P, Hers HG, De Duve C. Influence de l'insuline 
et du glucagon sur la synthèse du glycogène 
hépatique. Biochim. Biophys. Acta, 1956;20(1):190–200.  

17. Taussky HH, Shorr E. A microcolorimetric method for the 
determina-tion of inorganic phosphate. J Biol Chem 
1953;202:675 e685. 

18. Hubscher G, West GR. Specific assays of some phosphatase in 
subcellular fractions of small intestinal mucosa. Nature 
1965;205:799 e800 

19. Ulm EH, Pogell BM, De Maine MM, Libby CB, Benkovic SJ: 
Fructose-1,6-diphosphatase from rabbit liver. Methods 
Enzymol 1975;42:369–374.  

20. Ward CW, Castro GA, Fairbairn D. Carbon dioxide fixation and 
phosphoenolpyruvatecarboxykinase metabolism in Trichinella 
spiralis larvae. J Parasitol 1969; 55:67-71.  

21. Pistia- Brueggeman G, Hollingsworth RI. A preparation and 
screening strategy for glucosidase inhibitors. Tetrahedron, 
2001; 57: 8773-8778 

22. Latha RCR, Daisy P. Influence of Terminalia bellerica fruit 
extracts on Biochemical parameters in STZ Diabetic rats, 
International Journal of Pharmacology.2010; 6(2): 89-96.  

23. Girald A, Madani SS, Boukortt F, Mustapha, Malki MC, Belleville 
J, Prost J. Fructose-enriched diet modifies antioxidant status 
and lipid metabolism in spontaneously hypertensive rats. J. 
Nutrition, 2006; 22: 758-766. 

24. Huang W, Dedousis N, and O’Doherty RM. Hepatic steatosis and 
plasma dyslipidemia induced by a high-sucrose diet are 
corrected by an acute leptin infusion. J Appl Physiol .2007;102: 
2260-2265. 

25. Hickman IJ and Greame MA. Impact of Diabetes on the Severity 
of Liver Disease The American Journal of Medicine, 2007; 120: 
829-834. 

26. Valentovic MA, Napoleon Alejandro d, Carpenter AB, Brown PI, 
Ramose K. Streptozotocin (STZ) diabetes enhances 
benzo(α)pyrene induced renal injury in Sprague Dawley rats. 
Toxicol Lett. 2006;164 (3): 214-220. 

27. Srinivasan K, Viswanad B, Asrat L., Kaul CL, Ramarao P. 
Combination of high-fat diet-fed and low-dose streptozotocin-
treated rat: A model for type 2 diabetes and pharmacological 
screening Pharmacol Res.2005; 52(4): 313-320. 

28. Shukla P, Srivastava SP, Srivastava R, Rawat A, Srivastava A, 
Pratap R. Synthesis and antidyslipidemic activity of chalcone 
fibrates Bioorg med chem letters.2011; 21(11):3475–3478. 

29. Duseja A, Das A, Dhiman RK, Chawla YK, Thumburu KK, 
Bhadada S, Bhansali A. Metformin is effective in achieving 
biochemical response in patients with non alcoholic fatty liver 
disease (NAFLD) not responding to lifestyle interventions. 
Annals of Hepatology .2007;6(4): 222-226.  

30. Verma AK, Singh H, Satyanarayana M, Srivastava SP, Tiwari 
P, Singh AB, Dwivedi AK, Singh SK, Srivastava M, Nath 
C, Raghubir R, Srivastava AK, Pratap R. Flavone-based novel 
antidiabetic and antidyslipidemic agents. J Med Chem. 2012; 55 
(10): 4551-4567. 

31. Huupponen RK, Viikari JS, Saarimaa H. Correlation of serum 
lipids with diabetes control in sulfonylurea-treated diabetic 
patients Diabetes Care.1984; 7: 575-578.  

32. Kim JK, Fillmore J J, Chen Y Yuc, Moore IK, Pypaert M et al. 
Tissue specific overexpression of lipoprotein lipase causes 
tissue-specific insulin resistance. Proc. Natl. acad. Sci USA 2001; 
98: 7522-7527. 

33. Anderson J W, and Zakim D. The influence of alloxan-diabetes 
and fasting on glycolytic and gluconeogenic enzyme activities 
of rat intestinal mucosa and liver. Biochim Biophys Act 1970; 
201: 236-241. 

34. Herberg L, Coleman DL.Laboratory animals exhibiting obesity 
and diabetes syndromes.Metabolism. 1977;26(1):59-99 

http://www.ncbi.nlm.nih.gov/pubmed?term=Verma%20AK%5BAuthor%5D&cauthor=true&cauthor_uid=22524508
http://www.ncbi.nlm.nih.gov/pubmed?term=Singh%20H%5BAuthor%5D&cauthor=true&cauthor_uid=22524508
http://www.ncbi.nlm.nih.gov/pubmed?term=Satyanarayana%20M%5BAuthor%5D&cauthor=true&cauthor_uid=22524508
http://www.ncbi.nlm.nih.gov/pubmed?term=Srivastava%20SP%5BAuthor%5D&cauthor=true&cauthor_uid=22524508
http://www.ncbi.nlm.nih.gov/pubmed?term=Tiwari%20P%5BAuthor%5D&cauthor=true&cauthor_uid=22524508
http://www.ncbi.nlm.nih.gov/pubmed?term=Tiwari%20P%5BAuthor%5D&cauthor=true&cauthor_uid=22524508
http://www.ncbi.nlm.nih.gov/pubmed?term=Tiwari%20P%5BAuthor%5D&cauthor=true&cauthor_uid=22524508
http://www.ncbi.nlm.nih.gov/pubmed?term=Singh%20AB%5BAuthor%5D&cauthor=true&cauthor_uid=22524508
http://www.ncbi.nlm.nih.gov/pubmed?term=Dwivedi%20AK%5BAuthor%5D&cauthor=true&cauthor_uid=22524508
http://www.ncbi.nlm.nih.gov/pubmed?term=Singh%20SK%5BAuthor%5D&cauthor=true&cauthor_uid=22524508
http://www.ncbi.nlm.nih.gov/pubmed?term=Srivastava%20M%5BAuthor%5D&cauthor=true&cauthor_uid=22524508
http://www.ncbi.nlm.nih.gov/pubmed?term=Nath%20C%5BAuthor%5D&cauthor=true&cauthor_uid=22524508
http://www.ncbi.nlm.nih.gov/pubmed?term=Nath%20C%5BAuthor%5D&cauthor=true&cauthor_uid=22524508
http://www.ncbi.nlm.nih.gov/pubmed?term=Nath%20C%5BAuthor%5D&cauthor=true&cauthor_uid=22524508
http://www.ncbi.nlm.nih.gov/pubmed?term=Raghubir%20R%5BAuthor%5D&cauthor=true&cauthor_uid=22524508
http://www.ncbi.nlm.nih.gov/pubmed?term=Srivastava%20AK%5BAuthor%5D&cauthor=true&cauthor_uid=22524508
http://www.ncbi.nlm.nih.gov/pubmed?term=Pratap%20R%5BAuthor%5D&cauthor=true&cauthor_uid=22524508
http://www.ncbi.nlm.nih.gov/pubmed/834144


Srivastava et al. 
Int J Pharm Pharm Sci, Vol 6, Issue 1, 809-826 

826 

35. Sochor M, Kunjara S, Baquer NZ, McLean P: Regulation of 
glucose metabolism in livers and kidneys of NOD mice. 
Diabetes 1991;40(11):1467–1471 

36. Sochor M, Baquer NZ, McLean P. Glucose over and 
underutilization in diabetes: Comparative studies on the 
changes in activities of enzymes of glucose metabolism in rat 
kidney and liver. Mol. Physiol. 1985;7:51–68 

37. Rathi SS, Grover JK, Vats V. The effect of Momordica charantia 
and Mucuna pruriens in experimental diabetes and their effect 
on key metabolic enzymes involved in carbohydrate 
metabolism..Phytother Res. 2002;16(3):236-43. 

38. Murphy ED and Anderson JW Tissue Glycolytic and 
Gluconeogenic Enzyme Activities in Mildly and Moderately 
Diabetic Rats: Influence of Tolbutamide Administration 
Endocrinology. 1974; 94(1): 27-34. 

39. Weber G, Lea MA, Fisher EA. Regulatory pattern of liver 
carbohydrate metabolizing enzymes;insulin as an inducer of 
key glycolytic enzymes. Enzymology Biology Clinics (Basel) 
1966;7: 11-24, 

40. Berg, J. M., Tymoczko, J. L. and Stryrer, L. Biochem. W.H. 
Freeman and Company, New York, 2001;425-464.  

41. Chandramohan, G., Ignacimuthu, S., Pugalendi. “A novel 
compound from Casearia esculenta (Roxb.) root and its effect 
on carbohydrate metabolism in streptozotocin-diabetic 
rats,”European J. Pharmacol, 2008; 590: 437-443. 

42. Li YG, Ji DF, Zhong S, Lv ZQ, Lin TB, Chen S, Hu GY. Hybrid of 1-
deoxynojirimycin and polysaccharide from mulberry leaves 
treat diabetes mellitus by activating PDX-1/insulin-1 signaling 
pathway and regulating the expression of glucokinase, 
phosphoenolpyruvate carboxykinase and glucose-6-
phosphatase in alloxan-induced diabetic mice. Journal of 
Ethnopharmacology. 2011;134(3):961-70. 

43. Stuart AR, Gulve EA, Minghan W: Chemistry and biochemistry 
of type 2diabetes. Chem Rev 2004; 104:1255–1282. 

44. Casirola DM, Ferraris RP: alpha-Glucosidase inhibitors prevent 
diet-induced increases in intestinal sugar transport in diabetic 
mice.Metabolism. 2006; 55:832-841 

 

http://www.ncbi.nlm.nih.gov/pubmed/12164268

