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Abstract: The in vitro antidiabetic and antioxidant potential of Punica granatum, Eriobotrya japonica, 

and Musa acuminata leaves were evaluated using normal and streptozocin (STZ) induced diabetic rats. 

Experimental diabetes was induced into Wister rats using streptozocin (40 mg/kg), injected 

intraperitoneal (IP). Orally crude methanolic leaves extracts were administered in streptozocin induced 

diabetic rats (n=6) along with the fractions (chloroform, ethyl acetate, and aqueous) of P. granatum, E. 

japonica, and M. acuminata (50 mg/kg) along with standard drug glimepiride (2 mg/kg) for 28 days. 

Rats' blood samples were tested for blood glucose using glucose oxidase reactive strips and glucometer. 

Glucose was administered to nondiabetic control rats. The rats were also treated with glimepiride and 

leaves extracts of P. granatum, E. japonica, and M. acuminata to check the oral glucose tolerance 

(OGTT). Blood glucose levels were checked at 0, 30, 60, 120 minutes intervals after drug 

administration. The effect of various fractions of leaf extracts on the bodyweight of rats was also 

studied. Data obtained was evaluated by two-way Analysis of Variance (ANOVA) and expressed as 

standard deviation. Leaves extracts exhibit significant antidiabetic and antioxidant properties. These 

medicinal plants with antioxidant and antidiabetic properties could be an economical source of local 

medicine for diabetes. 
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1. Introduction 

Herbal medicine is a natural medicinal source that uses herbs and plant extracts for 

curing various human disorders. Herbal medicine has become a usual practice with the 

advancement in chemicals using herbal products in the prevention and treatment, along with 

the improvement in analysis and quality control [1-6]. World health organization (WHO) 

reported that 119 different plant part extracts are being utilized to manage animal diseases [7-

9]. Plant-derived substances remain the basis of most commercial medicines currently used to 

treat pain, heart diseases, asthma, high blood pressure, and other health problems [10,11]. The 

curative abilities of medicinal plants are known at a global level. It is believed that out of 8,000 

medicinal herbs1000 are present in Pakistan [12-15]. 

Diabetes is a common disease caused by carbohydrate metabolism dysfunction, 

associated with low insulin levels in the blood. Diabetes has become a progressively more 
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serious health issue in the modern world. Diabetes is the 3rd major cause of death, along with 

cancer, cardiovascular and cerebrovascular diseases, because of its high occurrence, morbidity, 

and mortality [16]. The emission of the pancreas is practically processed, and the endocrine 

capacity is performed by the islets of Langerhans [17-21]. These secrete insulin hormones 

that control metabolisms, but their main function is to control sugar levels in the blood. 

ATP-sensitive K+ channels establish the membrane potential in β-cells [22]. Insulin regulates 

metabolic reaction after binding with a receptor-like breakdown of glucose its conversion to 

glycogen and fats metabolism [23,24]. 

Hypoglycemic drugs amplify insulin discharge, increase glucose uptake in fat or muscle 

tissue, and inhibit glucose assimilation from the gut [25,26]. The plants in parts or as full can 

be used for curing any disease associated with diabetes mellitus. Moreover, in some cases, 

plant extracts can treat related infections such as polyuria, polydipsia, diabetes, and other 

related diseases curing chronic disorders such as diabetes mellitus [27,28]. 
 

Hyperglycemia produces reactive oxidative species, which leads to lipid peroxidation 

and membrane deprivation. Several problems linked with diabetes, like vascular 

atherosclerosis, the main reason for death in diabetes mellitus, are associated with oxidative 

pressure. Therefore, antioxidants play a basic role in diabetic therapy [29]. 

Antioxidants influence the hunting of reactive oxygen species (ROS), stimulating the 

purification process of products and inhibiting ROS formation [30]. Various endogenous and 

nutritional compounds such as ferritin, superoxide dismutase transferrin, tocopherol, ascorbic 

acid, and carotene have antioxidant and free radical hunting properties [31-36]. Free radial 

attack the double bond can result in irregularity and cross-linking of DNA strands by strands 

meeting [37]. In recent years, biological systems have excessively developed oxidants and 

oxidative injuries. Studies suggested that ROS shows a key role in carcinogenesis, particularly 

in the promotion stage [38]. Nutritional plants have many chemical families and quantities of 

antioxidants [39]. ROS has a connection with over 100 diseases causing injury, infection, and 

acquired immunodeficiency syndrome [40]. ROS can inactivate specific enzymes by oxidation 

of co-factors, destruction of DNA, oxidations of amino acids and fatty acids [15,41].  

Statistics show that the incidence of diabetes mellitus in Pakistan is far above the 

ground; it rises from 7.6% to 11% in 2011 and is projected to achieve 15.9% by 2030. This 

situation will take Pakistan in 7th place in the catalog of countries with DM occurrence. If the 

current condition continues, Pakistan is expected to go up to fourth place. This related position 

cause challenge to professionals and strategy makers [12,42]. 

The main objective of this study was to establish the use of plant leaves extracts in 

controlling the DM and to assess their promising constructive effects using the streptozocin-

induced animal model on a scientific basis. The study was performed to evaluate antidiabetic 

and antioxidant activities of fruit-bearing plants, including P. granatum, E. japonica, and M. 

acuminata leaves using normal, and streptozocin (STZ) induced diabetic rats. In-vitro and in-

vivo analyses were performed. 

2. Materials and Methods 

All the chemicals and reagents used in this study were of analytical grade and were 

purchased from Sigma Aldrich. Fresh leaves of P. granatum, E. japonica, and M. acuminata 

were collected in September 2018 from the Botanical garden of Government College 

University (GCU), Lahore. Plant leaves have been taxonomically recognized by the Botany 
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department, GCU, Lahore. These authenticated plant leaves were used for the preparation of 

extracts.  

P. granatum, E. japonica, and M. acuminata fresh leaves were isolated, dried up in the 

air under the shadow, and ground with a motorized grinder to make fine particles and passed 

through mesh size 40 and stored in air-tight bags to avoid contamination. This powdered form 

of leaves, almost 1.5 kg, were soaked in methanol in the ratio of 1:10 and placed in an ultrasonic 

bath for about three to four days. Then prepared material was filtered to separate solid residue. 

Extracts were prepared by concentrating through vacuum distillation using a rotary evaporator 

at 40 ℃ for dryness. Extracts were further kept inside the incubator to remove moisture 

contents. The percentage yield of obtained crude extracts was determined. The dried extracts 

were packed sealed in air-tight polythene bags. 

Further extraction was done with different solvents depending upon increasing polarity. 

These fractions were named MCE (methanolic crude extract), CFF (chloroform fraction), EAF 

(ethyl acetate fraction). The remaining residue left after the last fraction was also collected and 

labeled as an aqueous fraction (AQF). These fractions were dried and preserved at 4 °C for in 

vivo and in vitro analysis. The fractions were thus prepared concentrated using a rotary 

evaporator to get dry extracts. The percentage yields of the above fractions were calculated. 

Then all the samples were sealed in glass containers to avoid contamination. 

Male albino Wister rats (152-185 g) were employed in this study and kept in animal 

houses under standard laboratory conditions (12 h dark and light cycle, 25 ± 2 °C). Rats were 

fed with a standard pellet diet and water [39]. 

2.1. Preliminary phytochemical studies. 

The extracts obtained were subjected to various tests for further selection to be used for 

hypoglycemic, antiperoxidative, and prevention of weight loss studies. Harborne protocol was 

followed to check the availability of phenols qualitatively. Plant leaves extracts were mixed 

with 10% FeCl3 solution and 2 mL of water. Phenols are confirmed by the appearance of blue 

or green coloration [43]. A few drops of Mayer's reagent were mixed with H2SO4 and 2 mg of 

plant leaves extracts. The presence of alkaloids is confirmed by the endpoint: green color 

appearance or white precipitate formation [44].  

Alkaloids availability was tested by performing the following methods. Wagner's test 

was performed by mixing Wagner's reagent with 2 mg of sample extract after acidification with 

1.5 % HCl. Iodine and potassium iodide were also mixed to check the alkaloid's availability by 

its color change which may be yellow or brown [45]. The following protocol was adopted for 

the Mayer test, a few drops of Mayer reagent were mixed with mercuric chloride, potassium 

iodide, and 2 mg of sample extracts. The presence of alkaloids is confirmed by the endpoint, 

which is pale yellow or white precipitate formation. 

For Fehling's test, 2 mg of plant extracts were taken in a glass test tube and shaken 

thoroughly with water. After that small amount of Fehling's solutions (A & B) was added and 

heated gently. Brick red precipitates (ppts) showed the presence of carbohydrates [31]. For the 

Molisch test, 2 mg of plant leaves partitions were shaken few drops of freshly prepared α-

naphthol and conc. H2SO4 was poured drop by drop, formation of a red-violet ring showed the 

carbohydrates and glycosides were present. In the Ninhydrin test, the measured quantity of 

samples was mixed with distilled water to make an original solution and then mixed with 

ninhydrin reagent. The purple color indicates the availability of protein and peptides linkages. 
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Foam Test was performed by shaking 5 mg of plant extracts with a few drops of 

NaHCO3 vigorously and left to rest honeycomb-like froth formation indicates saponins. 

Salkowski test was performed to check the sterols, 2 mg of plant extract was mixed with 

chloroform, then H2SO4 layer was poured along the wall of test tube slowly, red color 

appearance indicates sterol [31]. To check the availability of tannins, Lead acetate mixed with 

2 mg of plant extract and formation of white ppt's showing tannins and phenolic compounds 

presence. NaOH and H2SO4 Test was conducted to check flavonoids which show yellow color 

with NaOH and yellow-orange color with concentrated sulfuric acid [45]. 

2.2. Antioxidant in-vitro analysis.  

Fractions of plant leaf extracts of P. granatum, E. japonica, and M. acuminata were 

subjected to in vitro study of antioxidant action. 

2.2.1. DPPH free radical scavenging activity. 

The plant leaves extracts were studied for DPPH (2,2-diphenyl-1-picrylhydrazyl) 

scavenging action. For the preparation of extract solutions, 0.05 g dry extract was added in 50 

mL of methyl alcohol. Two mL of 0.004 % DPPH solution were mixed in methyl alcohol, and 

1 mL of plant extract in methanol was added, and incubation was done at 25 °C for half an 

hour. The spectrophotometer was used to check the absorbance at 517 nm, and 1 mL of 

methanol was used as DPPH control instead of extract. Purple-colored DPPH is a stable free 

radical, which becomes yellow upon reduction by converting into diphenyl picrylhydrazine. 

All the experiments were done in triplicate to calculate the average value. The standard used 

in this experiment was ascorbic acid. The inhibition (%) was determined by the given equation: 

𝑃𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 𝐼𝑛ℎ𝑖𝑏𝑖𝑡𝑖𝑜𝑛 =  
𝐴𝑏 − 𝐴𝑠

𝐴𝑏
× 100 

where Ab stands for absorption of the blank and As for the absorption of the extract solution 

under study [46-51]. 

2.2.2. Hydrogen peroxide scavenging activity.  

The leaves extract of P. granatum, E. japonica, and M. acuminata were dissolved in 

methanol to prepare a 1 mg/mL reserve solution. Varying concentration of reserve solutions 

(0.2, 0.4, 0.6, 0.8, and 1 mg/mL) mixed to 3.8 mL of 0.1 M solution of phosphate buffer having 

pH of 7.4, also mixed with 0.2 mL of H2O2. Mixture without sample was used as blank, whereas 

ascorbic acid acts as standard [52] percentage inhibition of hydrogen peroxide was determined 

with the following formula. 

𝑃𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 𝐼𝑛ℎ𝑖𝑏𝑖𝑡𝑖𝑜𝑛 =  
𝐴𝑐 − 𝐴𝑠

𝐴𝑐
× 100 

where Ac stands for Acontrol and As stands for Asample. 

2.3. Antidiabetic and α-amylase inhibition activity, in vitro analysis. 

A method to cure diabetes type II is to reduce the postprandial glucose level of blood 

by inhibiting carbohydrate hydrolyzing enzyme. Pancreatic alpha-amylase inhibitors stop 

starch breaking and absorption by lowering postprandial glucose blood levels and weight loss. 

The alpha-amylase enzyme is accountable for polysaccharides' metabolism, such as 

starch, carbohydrates, etc. The present research is commenced to assess the change in the 
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reaction rate by the effect of α-amylase concentration and inhibiting ability of methanolic 

leaves extracts of P. granatum, E. japonica, and M. acuminata and their fractions [29]. 

α-amylase inhibition assay was carried out by 3,5-dinitrosalicylic acid (DNSA) method. 

Plant leaves extract was mixed with a small amount of dimethylsulphoxide (DMSO) solution 

of 10 % and then mixed with a buffer of sodium biphosphate, sodium phosphate, and sodium 

chloride of pH 6.8 to get the required quantity of the solution. Then 200 μL solution of alpha-

amylase was mixed with 200 μL of plant leaves extract and incubated at 30 ℃ for about ten 

min. Then 200 μL starch solution was taken in a test tube and was incubated for three min. and 

the reaction was stopped by DSNA addition and heated for ten min. in the water bath at 85-90 

℃. Then the solution was cooled and diluted, and its absorbance was calculated at 540 nm by 

an ultraviolet-visible spectrometer, then the percentage of alpha-amylase was drawn in the form 

of a graph and the following formula was used to calculate the percent inhibition of α amylase 

activity [53]. 

𝛼 − 𝑎𝑚𝑦𝑙𝑎𝑠𝑒 𝑖𝑛ℎ𝑖𝑏𝑖𝑡𝑖𝑜𝑛 (%) =  
𝐴100% 𝑐𝑜𝑛𝑡𝑟𝑜𝑙−𝐴𝑠𝑎𝑚𝑝𝑙𝑒

𝐴100% 𝑐𝑜𝑛𝑡𝑟𝑜𝑙
× 100 

2.4. Hypoglycemic study of plant leaf extracts in vivo analysis.  

2.4.1. P. granatum leaves extracts in normal fasted rats. 

On the basis of results obtained from alpha-amylase and antioxidant activity of leaves 

extracts study, ethyl acetate, aqueous, and crude extract of methanol were selected due to their 

better activity than that of other fractions of the same plant. All the dosing was carried out via 

stainless steel (intragastric bulb) feeding tube. To study the hypoglycemic effects, fasted rats 

were classified into 5 groups, and each group contained six rats; G-I: Control group, G-II:  

Standard control (Glimepiride-2 mg/kg), G-III: Methanolic crude extract (50 mg/kg), G-IV:  

Ethyl acetate fraction (50 mg/kg) and G-V: Aqueous fraction (50 mg/kg). 

2.4.2. E. japonica and M. acuminata leaves extract in normal fasted rats. 

On the basis of results obtained from alpha-amylase and antioxidant profile of leaves 

extracts, chloroform, aqueous, and crude extract of methanol were selected due to their better 

activity than that of other fractions for the E. japonica. Similarly, for the M. acuminata, 

fractions of ethyl acetate, aqueous, and crude extract of methanol were selected [23], and the 

same experiment was repeated as above. 

2.5. Oral glucose tolerance test (OGTT).  

On the basis of results obtained from alpha-amylase and antioxidant activity of leaves 

extracts study, ethyl acetate, aqueous, and crude extract of methanol were selected due to their 

better activity than that of other fractions of the same plant. An oral glucose tolerance test was 

performed in overnight fasted rats. After 30 min of administering all selected leaves extracts, 

rats were fed with 2 g/kg glucose orally. Samples of the blood of rats were collected from the 

tail vein by a sterile syringe after regular intervals and were checked using a digital glucometer 

[54]. Similarly, for the M. acuminata, fractions of ethyl acetate, aqueous, and crude extract of 

methanol were selected, and the same experiment was repeated as above. 
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2.6. Experimental induction of diabetes mellitus in rats. 

Induced hyperglycemia (elevated blood sugar level) is a very helpful experimental 

design to observe the efficacy of hypoglycemic agents under study. DM was induced 

artificially in all night fasted rats, having complete access to water, by injecting a single dose 

of 40 mg/kg (of rat body weight) of streptozocin (STZ) dissolved in 0.1 M Trisodium citrate 

(Na3C6H5O7) buffer having pH 4.5, intraperitoneal. After injection rats were set free for water 

and food. The rats were fed with glucose solution (5 %) to come out from hypoglycemia shock. 

After 48 h of injecting streptozocin, diabetes was confirmed. The rats showing fasting glucose 

reading greater than 200 mg/dL were found to be diabetic and hence used in this research 

onwards. 

2.6.1. Experimental design. 

After 3 days of diabetes induction, rats were devised into six groups, each with six rats. 

Nondiabetic rats were tagged as a control group. Each group was provided with the following 

treatment for 28 days. G-I: Control group (Nondiabetic); G-II: Diabetic Controls rats; G-III: 

Standard control group (Glimepiride 2 mg/kg); G-IV: Methanolic crude extract of plant leaves 

(50 mg/kg), G-V: Ethyl Acetate/Chloroform fraction of plant leaves (50 mg/kg) and G-VI: 

Aqueous fraction of plant leaves (50 mg/kg). Experimental and control groups rats were treated 

accordingly on a daily basis for 28 days without interruption. The chloroform fraction was 

selected for E. japonica only due to its better activity. The body weights of rats were recorded 

five times during the study on 0, 7, 14, 21, and 28th days of the treatment period by digital 

weighing balance [55]. Blood samples from both experimental and control group rats were 

collected after seven days intervals during 28 days five times (days 0, 7, 14, 21, and 28). 

2.7. Biochemical parameter study in liver tissues in vivo analysis. 

On the 28th day, the rats were made to fast for 12 h, mildly anesthetized by diethyl ether, 

and sacrificed. After dissection liver tissue sample was rinsed with ice cold normal saline. The 

sample was homogenized with phosphate (PO4
3-) buffer (25 mM of 7.4 pH) in order to make 

10 % weight/volume liver homogenate. It was centrifuged at a speed of 1700 rpm for ten min. 

The supernatant (S) was collected and kept at −20°C for further biomarker evaluation [55]. The 

tissue homogenate (10 % w/v) thus prepared was used for the assay of lipid peroxidation [56], 

superoxide dismutase assay [57], and catalase assay [58]. 

2.7.1. Lipid peroxidation (LPO) assay. 

The amount of thiobarbituric acid reactive substances (TBARS) in the liver was 

calculated by lipid peroxidation product malondialdehyde (MDA). 1 mL of the sample was 

mixed with 0.2 mL (4 % w/v) sodium dodecyl sulfate, 1.5 mL (20% acetic acid in 0.27 M 

hydrochloric acid having pH 3.5), and 1.5 mL of 0.8 % thiobarbituric acid (pH 7.4). Then it 

was boiled in a hot water bath at 85 ℃ for about 1 hour. The appearance of pink color was 

studied against blank at a wavelength of 532 nm. Then centrifugation was done at 1200 rpm 

for 10 min. For the standardization, tetra ethoxy propane was used. The concentrations are 

denoted as mM /100 g. 
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2.7.2. Superoxide dismutase (SOD) assay. 

In this procedure, the assay mixture contains 1.2 mL sodium pyrophosphate buffer (pH 

8.3, 0.025 M), 0.1 mL (186 μM) phenazinemetho sulfate, 0.3 mL (300 μm) 

nitrobluetetrazolium, 0.2 mL NADH (780 μm), approximately diluted enzyme preparation is 

added with water and make up a total volume of 3 mL. This was then incubated at 30 oC for 90 

seconds. Then glacial acetic acid was added to stop the reaction. The fusion was robustly 

shaken with 4 mL of butyl alcohol. Then the mixture was allowed to stand for about 10 min 

and then centrifuged to separate butyl alcohol. Chromogens color intensity in the butyl alcohol 

as observed at 560 nm. A system devoid of enzymes serves as a control. One unit of the enzyme 

activity is defined as the enzyme concentration necessary to stop the optical density at 560nm 

of chromogen production by 50 % in 60 seconds under the assay conditions and showed 

specific activity in milli units/mg wet tissue. 

2.7.3. Catalase (CAT) assay. 

To 0.9 ml of phosphate buffer, 0.1 mL homogenate (liver tissue) and 0.4 mL of H2O2 

were added. After 60 seconds, 2 mL of dichromate acetic acid mixture was also added. The 

glass test tubes were kept in a water bath containing boiled water for about 10 min, and color 

was produced and studied at 620 nm. 2-10 µM concentration was used as standard and preceded 

for the further test with blank containing reagent alone. The activity was expressed as units/g 

tissue [59]. 

2.8. Statistical analysis of recorded data. 

Collected data were recorded as mean ± SEM and was estimated by using two-way 

ANOVA (analysis of variance) followed by Dunnett's method for many times comparisons. 

The significant difference was checked by using a p-value of P≤0.05 [60,61]. 

3. Results and Discussion 

Herbal extracts of leaves of P. granatum, E. japonica, and M. acuminata were prepared, 

and their various fractionates like methanolic crude extract (MCE), chloroform fraction (CFF), 

ethyl ethanoate fraction (EAF), and water fraction (AQF) were used for curing the diabetic rats, 

for checking the antidiabetic and antioxidant activities of these leaves extracts for the protection 

to human being from hyperglycemia in future. Leaves extracts of P. granatum, E. japonica, 

and M. acuminata were prepared with methanol chloroform, ethyl acetate, and water. Table 1 

shows the yield of extracts in various solvents. The qualitative chemical investigation of the 

all-selected plant leaves and their phytoconstituents results by performing various chemical 

reactions shown in Table 2. Various fractions show the different extent of activities. Hence, 

further pharmacological studies were performed for P. granatum, E. japonica, and M. 

acuminata extracts.   

Table 1. Extractive values of leaves extracts of plants in different solvent systems. 

 

Plants 

Yield in percentage (w/w) 

MCE CFF EAF AQF 

P. granatum 8.65 % 17.18% 10.45% 64.25% 

E.  japonica 4.88 % 11.15% 57.29% 25.21% 

M. acuminata 4.62% 16.12% 17.41% 57.34% 

Percentage yield of fractions = weight of fraction/weight of crude extract x 100. 
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Table 2. Phytochemical analysis of methanolic leaves extracts of plants and their fractions. 

Plants Constituents Tested Test MCE CFF EAF AQF 

P
. g

ra
n

a
tu

m
 

Alkaloids Mayer’s test - + + - 

Wagner's test - + + - 

Carbohydrates  Molisch's test - + + + 

Fehling's test - + + + 

Phenolic compounds Lead acetate test - + + + 

Proteins Ninhydrin test - - - - 

Sterols  Salwoski's test - - + + 

Foam test + - + + 

Flavonoids Aq. & NaOH - - + + 

Conc. H2SO4 - - + + 

E
. ja

p
o

n
ica

 

Alkaloids Mayer's test - + + - 

Wagner's test - + + - 

Carbohydrates Molisch's test - + + + 

Fehling's test - + + + 

Phenolic compounds Lead acetate test - + + + 

Proteins Ninhydrin test - - - - 

Sterols  Salwoski's test - - + + 

Foam test + - + + 

Flavonoids Aq. & NaOH - - + + 

Conc. H2SO4 - - + + 

M
. a

cu
m

in
a

ta
 

Alkaloids Mayer's test - + + - 

Wagner's test - + + - 

Carbohydrates Molisch's test - + + + 

Fehling's test - + + + 

Phenolic compounds Lead acetate test - + + + 

Proteins Ninhydrin test - - - - 

Sterols  Salwoski's test - - + + 

Foam test + - + + 

Flavonoids Aq. & NaOH - - + + 

Conc. H2SO4 - - + + 

Presence (+); Absence (-). 

3.1. In vitro antioxidant activity. 

3.1.1. DPPH method. 

The DPPH inhibition percentage scavenging activity of methanolic crude extract of 

leaves of P. granatum, E. japonica, and M. acuminata and their fractions is presented in Table 

3. The methanolic extracts of P. granatum exhibited a maximum scavenging activity of 62.17 

% at 100 µg/mL, whereas for ascorbic acid, it was 85.68 %, and fraction for ethyl acetate was 

80.63 %. The chloroform fraction of E. japonica leaves has exhibited maximum scavenging 

behavior of 79.86 % at 100 µg/mL. Ethyl acetate fraction for M. acuminata has exhibited 

maximum scavenging activity of 77.68 %. The methanolic extracts of M. acuminata exhibited 

a minimum scavenging activity of 60.91 % at 100 µg/mL. The same results were proposed by 

Patil et al. [62]. 

3.1.2. H2O2 scavenging activity. 

The percentage inhibition of H2O2 activity of various natural products of P. granatum, 

E. japonica, and M. acuminata has been presented in Table 3. The methanolic extracts of P. 

granatum exhibited a maximum scavenging activity of 59.21 % at 100 µg/mL, whereas 

ascorbic acid (standard) was found to be 83.12 %. Ethyl acetate extract of P. granatum has 

shown a maximum scavenging response of 71.46 %. The chloroform fraction of E. japonica 

extract has exhibited maximum scavenging activity of 70.02 %. Ethyl acetate extract of M. 
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acuminata has exhibited maximum scavenging activity of 73.06 %. The methanolic crude 

extract of M. acuminata exhibited a minimum scavenging activity of 56.11 % [63]. 

Table 3. Free radical scavenging action of leaves extracts of plants and their fractions by DPPH method and by 

H2O2 method. 

P
la

n
ts 

C
o

n
c. 

(µ
g

/m
l) 

% Inhibition (DPPH) 

MCE CFF EAF AQF Standard 

(Ascorbic Acid) 

P
.   

g
ra

n
a

tu
m

 

20 12.52±0.31 9.11±0.57 18.32±0.29 11.16±0.18 29.32±0.36 

40 21.43±0.27 23.83±0.19 43.52±0.46 22.25±0.37 46.54±0.48 

60 39.26±0.12 31.29±0.47 56.23±0.59 35.19±0.34 60.81±0.57 

80 50.69±0.51 39.73±0.12 69.92±0..65 57.49±0.69 74.25±0.28 

100 62.17±0.63 46.67±0.32 80.63±0.47 69.79±0.77 85.68±0.63    E
. 

ja
p
o

n
ica

 

20 13.11±0.13 16.49±0.22 10.14±0.24 12.26±0.11 29.32±0.36 

40 24.19±0.29 35.25±0.75 22.93±0.15 23.12±0.45 46.54±0.48 

60 38.59±0.42 53.61±0.29 29.19±0.36 39.26±0.49 60.81±0.57 

80 51.39±0.58 62.64±0.32 35.79±0.22 53.53±0.72 74.25±0.28 

100 61.59±0.87 79.86±0.83 49.91±0.48 66.91±0.56 85.68±0.63  M
. 

a
cu

m
in

a
ta

 

20 11.67±0.21 7.16±0.75 13.39±0.27 15.29±0.41 29.32±0.36 

40 19.21±0.45 19.38±0.17 29.15±0.64 26.72±0.25 46.54±0.48 

60 34.62±0.39 27.92±0.74 41.31±0.19 35.67±0.94 60.81±0.57 

80 50.33±0.72 33.83±0.51 63.54±0.22 49.91±0.12 74.25±0.28 

100 60.91± 0.46 42.76±0.23 77.68±0.38 68.81± 0.26 85.68±0.63 

% Inhibition (H2O2)    P
. 

g
ra

n
a

tu
m

 

20 24.75±1.32 8.22±1.44 15.13±0.86 8.44±0.92 23.49±0.91 

40 33.72±1.61 15.37±1.18 24.69±0.44 18.60±1.77 49.10±2.06 

60 44.33±2.15 20.11±0.03 39.29±2.37 29.73±1.17 55.17±2.42 

80 52.98±1.98 27.28±0.71 51.24±1.79 47.88±1.89 71.93±3.98 

100 59.21±1.92 35.75±1.52 71.46±2.07 61.38±2.39 83.12±2.65     E
. 

ja
p
o

n
ica

 

20 19.45±1.12 23.33±0.81 7.32±1.04 13.34±0.12 23.49±0.91 

40 29.92±1.21 31.39±0.49 13.77±1.48 23.80±1.97 49.10±2.06 

60 38.53±2.35 43.79±2.35 17.91±0.13 31.63±1.37 55.17±2.42 

80 49.88±1.48 57.17±1.19 23.38±0.51 49.78±1.59 71.93±3.98 

100 58.11±1.62 70.02±2.02 31.85±1.22 60.33±2.89 83.12±2.65  M
. 

a
cu

m
in

a
ta

 

20 24.45±1.12 8.42±1.94 17.33±0.46 16.34±0.92 23.49±0.91 

40 32.92±1.21 11.37±1.88 27.69±0.34 25.10±1.57 49.10±2.06 

60 41.53±2.35 19.21±0.73 42.09±2.07 39.73±1.67 55.17±2.42 

80 49.88±1.48 27.18±0.61 54.84±1.79 52.18±1.59 71.93±3.98 

100 56.11±1.62 35.05±1.52 73.06±2.27 63.23±2.09 83.12±2.65 

3.2. In vitro antidiabetic and α-amylase inhibition activity. 

The α-amylase helps in the digestion of starch into simple glucose molecules. 

Breakdown of glucose increases with a decrease in glucose level inside the blood and decreases 

as blood glucose concentration increases. It means the rate of digestion of starch molecules or 

other carbohydrates is dependent on the presence or absence of α- amylase. The present study 

reveals the inhibition of α-amylase by methanolic crude extract and leaves fractions of P. 

granatum, E. japonica, and M. acuminata . Statistical analysis revealed that the methanolic 

extracts of P. granatum, E. japonica, and M. acuminata showed significant digestion. A study 

[64] proposed that ethyl ethanoate and water contain fractions of P. granatum, chloroform, and 

aqueous fractions of E. japonica, and ethyl ethanoate and water containing fractions of M. 

acuminata exhibited better results than other fractions of plant leaves. Hence these fractions 

were used for further in vivo studies. The results are presented in Table 4. 
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Table 4. α- amylase inhibition assay for control and standard drug and for methanolic extracts and its fractions 

for plants leaves under study. 

Tubes Test solution Buffer (pH 

6.8) 

Time till starch vanish (min) 

C
o

n
tro

l 

0.5ml starch soln. + 0.25% α-amylase soln.    20 drops 13 

0.5ml starch soln. + 0.5% α-amylase soln. 11 

0.5ml starch soln. + 1% α-amylase soln. 09 

0.5ml starch soln. +  2%  α-amylase soln.. 07     S
ta

n
d

a
rd

 d
ru

g
 

0.5 ml starch soln. + 1% α-amylase soln. + 0.25% 

glimepiride soln.. 

16 

0.5ml starch soln. + 1% α-amylase soln. + 0.5% glimepiride 
soln. 

19 

0.5ml starch soln. + 1% α-amylase soln. +  1% glimepiride 
soln. 

21 

0.5ml starch soln. + 1% α-amylase soln. +  2% glimepiride 
soln. 

24 

Plants Test solution MCE CFF EAF AQF     P
. g

ra
n

a
tu

m
 

0.5ml starch soln. + 1% α-amylase soln. + 0.25% leaves 

extract 

10 8 12 11 

0.5ml starch soln. + 1% α-amylase soln. + 0.5% leaves 

extract 

12 10 19 16 

0.5ml starch soln. + 1% α-amylase soln. + 1% leaves extract 15 13 21 18 

0.5ml starch soln.+ 1% α-amylase soln. + 2% leaves extract 17 15 23 20     E
. ja

p
o

n
ica

 

0.5ml starch soln. + 1% α-amylase soln. + 0.25% leaves 

extract 

12 7 10 13 

0.5ml starch soln. + 1% α-amylase soln. + 0.5% leaves 

extract 

15 9 16 15 

0.5ml starch soln. + 1% α-amylase soln. + 1% leaves extract 16 14 20 17 

0.5ml starch soln. + 1% α-amylase soln. + 2% leaves extract 18 16 22 19       M
. a

cu
m

in
a

ta
 

0.5ml starch soln. + 1% α-amylase soln. + 0.25% leaves 

extract 

19 7 13 10 

0.5ml starch soln. + 1% α-amylase soln. + 0.5% leaves 

extract 

13 10 17 15 

0.5ml starch soln. + 1% α-amylase soln.+1% leaves extract 17 12 23 19 

0.5ml starch soln. + 1% α-amylase soln. + 2%  leaves 

extract 

18 14 25 21 

Abbreviations: MCE; Methanolic crude extract: CFF; chloroform fraction: EAF; ethyl acetate fraction: AQF; 

aqueous fraction: soln.; solution: conc.; concentration. 

3.3. In vivo antidiabetic activity analysis 

3.3.1. Hypoglycemic study in normal fasted rats. 

The blood sugar level in normal rats subjected to a single dose of methanolic crude 

extract of P. granatum, E. japonica, and M. acuminata and their fractions at a 50 mg/kg dose 

showed no significant hypoglycemic effects after 3rd hour. The standard drug glimepiride (2 

mg/kg) also showed no significant hypoglycemic effect at 3rd hour after oral administration and 

restored the normal level shown in Table 5. 

3.3.2. Oral glucose tolerance test (OGTT). 

Glucose, when injected in the dosage of 2 g/kg, exhibits a rise in the sugar concentration 

in rats’ blood (normal) after half-hour of the dose given orally. In experimental rats treated with 

leaves extracts and standard drugs, the blood sugar level peaked at half an hour and returned to 

normal at the end of 2 h. The maximum hypo-glycemic effect of ethyl acetate fraction of P. 

granatum (50 mg/kg) was found to be 80.73 to 135.74, 100.15 to 92.59. The maximum 

hypoglycemic effect of chloroform fraction of E. japonica (50 mg/kg) was found to be 79.49 

to 137.58, 103.39 to 94.07. The maximum hypoglycemic effect of ethyl acetate fraction of M. 

acuminata (50 mg/kg) was found to be 80.14 to 139.68, 106.56 to 97.34. Administration of 

methanolic extract (crude) and its selected components significantly decreases the sugar level 
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in comparison to normal control rats, as the same results were also discussed [55]. OGTT 

experimental results are presented in Table 6 and Figure 1. 

 

Table 5. Hypoglycemic effect of methanolic leaves extracts of plants and their fractions in normal rats. 

Group Treatment Blood sugar level (mg/dL) 

0hr 1hr 2hr 3hr S
ta

n
d
a

r

d
s 

Control group 78.26±0.93 79.35±0.85 81.40±0.70 77.10±1.03 

Glimepiride group (2 

mg/kg) 

82.62±0.13 80.55±0.25 79.10±0.50 78.19±1.08 

P
. g

ra
n

a
tu

m
 

MCE group (50 

mg/kg) 

77.56±0.43 76.33±1.89 74.83±1.02 76.16±1.10 

Ethyl acetate group 

(50 mg/kg) 

78.63±0.56 76.16±1.01 75.50±1.70 78.40±1.23 

Aqueous group 

(50 mg/kg) 

79.50±0.60 78.33±1.02 75.50±1.20 79.83±1.12 

E
. ja

p
o

n
ica

 

MCE group (50 

mg/kg) 

79.86±0.25 78.37±1.79 77.83±1.12 81.26±1.20 

Chloroformic group 

(50 mg/kg) 

81.93±1.32 80.16±1.66 78.53±1.20 82.10±1.73 

Aqueous group 

(50 mg/kg) 

79.40±0.75 78.36±1.12 81.30±1.10 82.53±1.62 

M
. a

cu
m

in
a

ta
 

MCE group (50 

mg/kg) 

79.17±0.33 77.63±1.79 76.83±1.12 82.16±1.10 

Ethyl acetate group 

(50 mg/kg) 

81.36±0.76 80.26±1.11 79.50±1.60 83.50±1.33 

Aqueous group 

(50 mg/kg) 

80.40±0.75 79.34±1.22 80.50±1.20 83.33±1.02 

Mean ±SD, n=6 in each group with compared with respective normal control. 

Table 6. Hypo-glycemic action of methanolic leaves extracts of P. granatum, E. japonica, M. acuminata and 

their fractions on blood glucose level in OGTT in normal rats. 

Plants Treatment 0 min 30 min 60 min 120 min Mean 

P
. g

ra
n

a
tu

m
 

Control group 81.62±0.49lm 82.32±0.52klm 85.53±0.46jk 83.63±1.04kl 83.27±0.44E 

Glimepiride group(2 mg/kg) 80.80±0.69lmn 132.04±0.83d 94.11±0.93hi 88.54±0.85j 98.87±4.13D 

MCE group (50 mg/kg) 79.51±0.66mn 147.32±1.13a 110.05±0.88e 97.97±1.10g 108.71±5.19A 

Ethyl acetate group(50 mg/kg) 80.73±0.62lmn 135.74±0.85c 100.15±0.76fg 92.59±0.95i 102.30±4.29C 

Aqueous group (50 mg/kg) 77.31±0.47n 140.13±0.99b 101.57±1.14f 96.85±0.91gh 103.96±4.77B    E
. ja

p
o

n
ica

 

Control group 81.62±0.49lmn 82.49±0.64lm 85.53±0.46k 83.63±1.04kl 83.32±0.45E 

Glimepiride group(2 mg/kg) 80.80±0.69l-o 132.04±0.83d 94.11±0.93i 88.54±0.85j 98.87±4.13D 

MCE group (50 mg/kg) 78.87±0.67no 153.36±1.03a 113.70±0.88e 101.47±0.96gh 111.85±5.65A 

Chloroformic group(50 mg/kg) 79.49±0.53mno 137.58±0.85c 103.39±0.78g 94.07±0.84i 103.63±4.47C 

Aqueous group (50 mg/kg) 78.42±0.75o 142.13±1.11b 108.48±0.82f 99.69±0.98h 107.18±4.80B M
. a

cu
m

in
a

ta
 

Control group 81.62±0.49lm 82.32±0.52klm 85.53±0.46jk 83.63±1.04kl 83.27±0.44E 

Glimepiride group(2 mg/kg) 80.80±0.69lm 132.04±0.83d 94.11±0.93i 88.54±0.85j 98.87±4.13D 

MCE group (50 mg/kg) 79.42±0.53m 158.32±0.74a 119.20±0.86e 111.40±0.96f 117.08±5.87A 

Ethyl acetate group(50 mg/kg) 80.14±0.75lm 139.68±1.04c 106.56±0.93g 97.34±0.94i 105.93±4.54C 

Aqueous group (50 mg/kg) 78.75±0.91m 146.50±0.71b 113.37±0.93f 102.35±0.89h 110.24±5.10B 

3.3.3. Effect of leaves extracts of P. granatum, E. japonica, and M. acuminata on diabetic rats 

after 28 days treatment. 

Herbal products extracted from different naturally occurring plants can be used for the 

treatment of diabetic animals. In this study, natural products were applied to diabetic rats for 

28 days as treatment. P. granatum, E. japonica, and M. acuminata leaves extracts were used 

for the diabetic rat’s treatment. These products influence the pancreatic cells and promote the 

secretion of insulin to control blood sugar levels in animals. In the present study, Streptozotocin 

(naturally occurring nitrosourea alkylating reagent) was used as an inducer of diabetes, which 

attacks β-cells permanently and causes necrosis within 48-72 h. 

The herbal medicinal activity of repeated oral doses of P. granatum, E. japonica, and 

M. acuminata leaves extracts and their fractions were checked during the 7th, 14th, 21stand 28th 

days in experimental rats and compared with control and experimental groups. Results are 
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presented in Table 7 and Fig. 2. Streptozocin-induced diabetic rats exhibit a major boost in the 

concentration of blood glucose. So, sugar levels in the blood increased from 240.84 to 304.83 

on the 28th day. After oral treatment with ethyl acetate portion of P. granatum (50 mg/kg) blood 

glucose decreased from 242.07 to 124.48 mg/dL. 

 
Figure 1. Representative graph of hypoglycemic action of methanolic crude extract of leaves of P. granatum 

and its fractions on blood sugar level in OGTT group rats. 

After oral administration of chloroform fraction of E. japonica at the dose of 50 mg/kg 

the blood glucose was reduced when related to the control groups of diabetic rats. The decrease 

in sugar level was recorded from 246.37 to 127.96. In contrast, treatment results with oral 

intake of ethyl acetate fraction of M. acuminata revealed that the 50 mg/kg dose decreases 

blood glucose level from 240.92 to 125.15 with a significant p-value (P<0.005) [65]. 

3.4. Effect of P. granatum, E. japonica, and M. acuminata leaves extracts on in-vivo 

antioxidant parameters. 

Enzymatic antioxidants play a crucial role in preventing cells from exposure to an 

oxidative type of harm. Sodium oxide dismutase (SOD) has got the ability to reduce the 

superoxide radical into hydrogen peroxide (H2O2). Whereas catalase (CAT) reduces hydrogen-

peroxide and inhibits tissues in opposition to extremely reactive OH-1 radical. In DM, the 

enhanced concentration of glucose can deactivate antioxidant activity like SOD and CAT by 

glycation of proteins, leading to lipid peroxidation (LPO). 

In diabetic rats treated with leaves extracts of P. granatum, the level of liver SOD (6.44 

to 5.87) and for CAT (82.68 to 71.24) showed maximum regain for ethyl acetate fraction treated 

group in contrast to the control group. As a result of regaining of SOD and CAT by the dose 
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of ethyl acetate fraction of P. granatum a prominent reduction in LPO level was studied (0.505) 

in contrast to the control group (0.628) near to the corresponding normal control rats (0.443). 

Table 7. Hypo-glycemic action of methanolic leaves extracts of P. granatum, E. japonica, and M. acuminata 

and their fractions on blood glucose level in STZ induced diabetic rats after 28 days' treatment. P
la

n
t 

Treatment Blood Sugar Levels (mg/dL) Mean  
0 Day 7 Day 14 Day 21 Day 28 Day  

P
. g

ra
n

a
tu

m
 

Control group 81.21±0.68s 82.16±0.86s 81.56±0.97s 83.37±0.85s 79.90±1.09s 81.64±0.43F 

Diabetic control group (STZ, 40 mg/kg) 240.84±1.35f 255.33±1.00d 271.67±1.30c 290.81±1.73b 304.83±1.76a 272.70±4.34A 

Glimepiride group(2 mg/kg) 244.68±1.06ef 189.22±1.17j 158.76±0.89mn 135.10±0.83p 110.71±1.00r 167.69±8.63E 

MCE group (50 mg/kg) 246.98±1.24e 214.16±1.02g 196.26±0.83i 173.64±1.03l 146.56±0.93o 195.52±6.38B 

Ethyl acetate group(50 mg/kg) 242.07±1.11ef 200.84±1.33i 174.46±1.11l 155.76±1.21n 124.48±1.01q 179.52±7.44D 

Aqueous group (50 mg/kg) 245.76±1.39ef 208.54±1.27h 181.59±1.53k 162.32±1.23m 133.54±0.91p 186.35±7.17C 

E
. ja

p
o

n
ica

 

Control group 81.21±0.68s 82.16±0.86s 81.56±0.97s 83.37±0.85s 79.90±1.09s 81.64±0.43F 

Diabetic control group (STZ, 40 mg/kg) 240.84±1.35f 255.33±1.00d 271.67±1.30c 290.81±1.73b 304.83±1.76a 272.70±4.34A 

Glimepiride group(2 mg/kg) 244.68±1.06ef 189.22±1.17k 158.76±0.89n 135.10±0.83p 110.71±1.00r 167.69±8.63E 

MCE group (50 mg/kg) 243.32±1.30ef 219.57±0.95g 197.21±0.87j 171.81±1.29lm 142.35±1.14o 194.85±6.58B 

Chloroformic group(50 mg/kg) 246.37±1.36e 202.44±1.39i 175.37±1.01l 157.19±0.96n 127.96±1.06q 181.87±7.51D 

Aqueous group (50 mg/kg) 246.07±1.31e 210.71±1.43h 186.61±0.93k 168.88±1.03m 137.26±0.86p 189.90±6.87C 

M
. a

cu
m

in
a

ta
 

Control group 81.21±0.68r 82.16±0.86r 81.56±0.97r 83.37±0.85r 79.90±1.09r 81.64±0.43F 

Diabetic control group (STZ, 40 mg/kg) 240.84±1.35f 255.33±1.00d 271.67±1.30c 290.81±1.73b 304.83±1.76a 272.70±4.34A 

Glimepiride group(2 mg/kg) 244.68±1.06ef 189.22±1.17j 158.76±0.89l 135.10±0.83o 110.71±1.00q 167.69±8.63E 

MCE group (50 mg/kg) 247.87±1.37e 218.62±0.81g 198.94±1.32i 174.70±0.87k 145.60±0.85n 197.15±6.55B 

Ethyl acetate group(50 mg/kg) 240.92±1.20f 198.42±0.85i 171.37±1.02k 153.73±1.11m 125.15±0.85p 177.92±7.35D 

Aqueous group (50 mg/kg) 242.51±1.29f 211.51±1.26h 187.16±0.89j 171.61±1.01k 136.05±0.91o 189.77±6.70C 

 
Figure 2. Representative graph of hypoglycemic action of methanolic crude extract of leaves of P. granatum 

and its fractions of on blood sugar level in STZ induced diabetic rats group. 

 

For E. japonica leaves extract fractions, levels of liver SOD (6.44 to 6.11) and CAT 

(82.68 to 72.22) showed maximum regain for the chloroform fraction treated group in contrast 

to the control group. As a result of regaining SOD and CAT by treatment with chloroform 
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fraction of E. japonica, a major decrease in LPO level was recorded (0.473) in contrast to the 

control group (0.623) near the corresponding normal control rats. 

In rats treated with M. acuminata leaves extract fractions, the level of liver SOD (6.44 

to 5.34) and CAT (82.68±0.05 to 68.27) showed maximum regain for ethyl acetate fraction 

treated in contrast to the control group. As a result of regaining SOD and CAT by a dose of 

ethyl ethanoate fraction of M. acuminata a major decrease in LPO level was recorded (0.382) 

compared to diabetic control rats (0.623) near to the corresponding normal control rats. 

After oral administration of leaves, extracts of P. granatum, E. japonica, and M. 

acuminata at the dose of 50 mg/kg and standard glimepiride tend to bring the values of SOD, 

CAT, and LPO back to normal and thereby help to control free radicals in the diabetic liver by 

activating the antioxidant defense system. The combined results are shown in Table 8 and 

Figures 3-5.  

Table 8. The action of methanolic leaves extracts of plants under study and their fractions on activities of 

antioxidant enzyme in STZ induced diabetic rats. 

Enzyme Group Plants Mean 

P. granatum E. japonica M. acuminata 

S
O

D
 (µ

/m
g

 

p
ro

tein
) 

Normal control 6.44±0.03a 6.44±0.03a 6.44±0.03a 6.44±0.02A 

Diabetic control 3.47±0.02i 3.47±0.02i 3.47±0.02i 3.47±0.01E 

Glimepiride 6.39±0.03a 6.39±0.03a 6.39±0.03a 6.39±0.01A 

Methanolic crude extract 4.76±0.02h 5.24±0.02ef 4.99±0.04g 5.00±0.05D 

Ethyl acetate/Chloroform 5.87±0.03c 6.11±0.01b 5.34±0.16e 5.77±0.09B 

Aqueous 5.11±0.02fg 5.55±0.03d 5.33±0.17e 5.33±0.07C 

C
A

T
 

(n
M

H
2 O

2  

d
eco

m
p

o
sed

/ 

m
in

/g
) 

Normal control 82.68±0.05a 82.68±0.05a 82.68±0.05a 82.68±0.03A 

Diabetic control 42.50±0.06i 42.50±0.06i 42.50±0.06i 42.50±0.03F 

Glimepiride 79.85±0.02b 79.85±0.02b 79.85±0.02b 79.85±0.01B 

Methanolic crude extract 59.18±0.06gh 59.57±0.37g 58.03±0.25h 58.93±0.21E 

Ethyl acetate/Chloroform 71.24±0.04c 72.22±0.06c 68.27±0.20d 70.57±0.41C 

Aqueous 64.47±0.04e 68.45±0.06d 60.92±0.40f 64.61±0.76D 

L
P

O
 

(m
m

o
les/g

 o
f 

p
ro

tein
) 

Normal control 0.443±0.011g 0.443±0.011g 0.443±0.011g 0.443±0.006C 

Diabetic control 0.628±0.008a 0.623±0.011a 0.623±0.011a 0.625±0.006A 

Glimepiride 0.450±0.007fg 0.440±0.011g 0.440±0.011g 0.443±0.005C 

Methanolic crude extract 0.547±0.008b 0.540±0.010b 0.467±0.017efg 0.518±0.011B 

Ethyl acetate/Chloroform 0.505±0.008cd 0.473±0.013dg 0.382±0.019h 0.453±0.015C 

Aqueous 0.523±0.007bc 0.497±0.011cde 0.483±0.019def 0.501±0.008B 

 
Figure 3. Effect of methanolic crude extract of leaves of P. granatum (PG), E. japonica (EJ), and M. acuminata 

(Musa) and their fractions on activities of catalase (CAT) (nMH2O2 decomposed / min/g) in STZ induced 

diabetic rats group. 

0

10

20

30

40

50

60

70

80

90

PG EJ MUSA

C
A

T 
(n

M
H

2O
2 

d
ec

o
m

p
o

se
d

/ 
m

in
/g

m
)

PLANTS

Normal control Diabetic control Glimepiride

Methanolic crude extract Ethyl acetate Aqueous

https://doi.org/10.33263/BRIAC126.73217341
https://biointerfaceresearch.com/


https://doi.org/10.33263/BRIAC126.73217341  

 https://biointerfaceresearch.com/ 7335 

 
Figure 4. Effect of methanolic crude extract of leaves of P. granatum (PG), E. japonica (EJ), and M. acuminata 

(Musa) and their fractions on activities of sodium oxide dismutase (SOD) (µ/mg protein) in STZ induced 

diabetic rats group. 

 
Figure 5. Effect of methanolic crude extract of leaves of P. granatum (PG), E. japonica (EJ), and M. acuminata 

(Musa)and their fractions on activities of LPO (nmoles/g of protein) in STZ induced diabetic rats group. 
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3.5. Effect of P. granatum, E. japonica and M. acuminata leaves extracts and their fractions 

on body weight of different groups of rats. 

Diabetes induced by streptozocin cause ruthless losses in weight of the organisms due 

to the breakdown of the structure of proteins or muscle destruction. The higher breakdown of 

protein for gluconeogenesis during insulin deficiency causes muscle wasting in diabetes.  The 

body weight was slightly increased in the normal control rats from 157.31 to 185.10 (Table 9), 

whereas in the diabetic rats, there was a prominent decrease in body weight from 158.50 to 

125.53, and the glimepiride treated group also showed an increase in body weight from 156.10 

to 171.63 on 28th day of study. After treatment with leaves extracts of P. granatum, rats showed 

an improvement in body weight which was maximum for ethyl acetate fed a group of rats from 

160.50 to 166.33, compared with diabetic control and standard glimepiride fed groups. 

After oral treatment with leaves extracts of E. japonica, rats showed an enhancement 

in bodyweight which was maximum for the chloroform treated group of rats from 163 to 167, 

in contrast to the diabetic control and glimepiride groups. In rats fed the leaves extracts of M. 

acuminata orally, an improvement in body weight was recorded, which was maximum for ethyl 

acetate treated group of rats from 146.00 to 160.10, in contrast to the control group (diabetic) 

and glimepiride groups [66]. The potential of extracts to defend bodyweight decrease seems to 

be the effect of extract's capability to reduce hyperglycemia. 

Table 9. The action of methanolic leaves extracts of P. granatum, E. japonica, and M. acuminata and their 

fractions on body weight of different groups of rats. 

Treatment Effect of P. granatum on changes in body weight (g) 

0 Day 7th Day 14th Day 21st Day 28th Day Mean 

Control group 157.31±4.15e 162.50±4.1d 169.63±4.74c 175.66±4.18b 185.10±3.15a 170.04±4.06A 

Diabetic control 

group (STZ, 40 

mg/kg) 

158.50±6.52e 147.53±4.08i 143.36±8.19h 133.13±6.15g 125.53±1.78f 141.61±5.34F 

Glimepiride 

group (2 mg/kg) 

156.10±5.17e 152.15±6.14j 159.56±4.28e 164.56±3.46d 171.63±3.16c 160.8 ± 4.43B 

MCE group (50 

mg/kg) 

161.83±0.58ef 150.50±2.74j 152.00±3.34j 159.50±4.20e 160.00±4.96h 156.77±3.16D 

Ethyl acetate 

group (50 mg/kg) 

160.50±2.50efg 155.50±1.48k 158.50±3.40ef 161.83±4.75d 166.33±2.45l 160.53±2.92C 

Aqueous group 

(50 mg/kg) 

157.10±1.05e 152.33±4.18j 154.66±3.18j 157.53±1.51ef 159.33±2.55c 156.19±2.49E 

Mean 158.56±3.33C 153.42±3.29E 156.29±4.52D 158.70±4.04B 161.32±3.01A  

Treatment Effect of E. japonica on changes in body weight (g) 

Control group 157.31±4.15e 162.50±4.1d 169.63±4.74c 175.66±4.18b 185.10±3.15a 170.04±4.06A 

Diabetic control 

group (STZ, 40 
mg/kg) 

158.50±6.52e 147.53±4.08i 143.36±8.19h 133.13±6.15g 125.53±1.78f 141.61±5.34F 

Glimepiride 

group (2 mg/kg) 

156.10±5.17e 152.15±6.14j 159.56±4.28e 164.56±3.46d 171.63±3.16c 160.8 ± 4.43C 

MCE group (50 
mg/kg) 

160.83±0.78e 153.50±2.14j 149.50±3.74i 152.50±3.20j 154.57±4.36j 154.18±2.84E 

Ethyl acetate 
group (50 mg/kg) 

165.00±2.43m 161.33±2.84efg 162.16±1.58d 164.50±1.12d 166.00±1.24l 163.80±1.84B 

Aqueous group 
(50 mg/kg) 

162.00±2.40d 155.43±3.80ef 150.65±2.08j 153.35±1.24j 156.43±1.05e 155.57±2.11D 

Mean 159.96±3.57A 155.41±3.85E 155.81±4.10D 157.28±3.22C 159.88±2.46B  

Treatment Effect of P. granatum on changes in body weight (g) 

Control group 157.31±4.15e 162.50±4.1d 169.63±4.74c 175.66±4.18b 185.10±3.15a 170.04±4.06A 

Diabetic control 

group (STZ, 40 

mg/kg) 

158.50±6.52e 147.53±4.08i 143.36±8.19h 133.13±6.15g 125.53±1.78f 141.61±5.34F 

Glimepiride 

group (2 mg/kg) 

156.10±5.17e 152.15±6.14j 159.56±4.28e 164.56±3.46d 171.63±3.16c 160.8 ± 4.43D 

MCE group (50 

mg/kg) 

156.00±4.34e 159.30±1.64e 163.08±1.55d 167.30±4.02c 170.10±0.04c 163.16±2.32C 

https://doi.org/10.33263/BRIAC126.73217341
https://biointerfaceresearch.com/


https://doi.org/10.33263/BRIAC126.73217341  

 https://biointerfaceresearch.com/ 7337 

Treatment Effect of P. granatum on changes in body weight (g) 

0 Day 7th Day 14th Day 21st Day 28th Day Mean 

Ethyl acetate 

group (50 mg/kg) 

152.33±0.88e 157.10±1.11e 162.77±2.44d 169.22±3.20c 176.47±3.16b 163.58±2.16B 

Aqueous group 

(50 mg/kg) 

152.52±1.30j 157.13±2.90e 159.56±0.18e 161.23±6.94efg 164.34±4.15efg 158.96±3.09E 

Mean 155.46±3.73E 155.95±3.33D 159.66±3.56C 161.85±4.66B 165.53±2.57A  

Means showing similar letters among values in a column or a row, are statistically non-significant (P>0.05). 

Small letters are to show the comparison among interaction means while capital letters are representing overall 

mean. 

3.6. Histopathology of rat pancreas.  

Examination of the cross-section of the pancreas of a normal, nondiabetic control rat 

showing normal anatomy of the islets of Langerhans, oval nuclei, and moderate cytoplasm. 

The pancreas of diabetic control rats exhibits the islets are in focal necrosis and mild 

inflammation, small nuclei, and moderate cytoplasm. Standard control (glimepiride 2 mg/kg) 

rats have small oval nuclei and moderate cytoplasm without inflammation. A cross-sectional 

examination of the pancreas of diabetic rats treated with EAF (P. granatum) (50 mg/kg) 

showed that the islets of Langerhans are normal. Microscopic examination of the pancreas of 

diabetic rats treated with CFF (E. japonica) (50 mg/kg) exhibits no inflammation and oval 

nuclei with moderate cytoplasm. Pancreatic dissection of diabetic rats treated with EAF (M. 

acuminata) (50mg/kg) showed no inflammation and oval nuclei with moderate cytoplasm (Fig. 

6). Histopathological studies on rats exhibit damaging of pancreatic β–cells in the diabetic 

control group, whereas in the glimepiride treated group and experimental group rats, there is 

regeneration in damaged β –cells.  

 
Figure 6. Histopathology of rat pancreas (A) normal non-diabetic control rat; (B) diabetic control rat; (C) 

standard diabetic control (glimepiride 2 mg/kg); (D) diabetic rats treated with EAF (P. granatum) (50 mg/kg); 

(E) diabetic rats treated with CFF (E. japonica) (50 mg/kg); (F) diabetic rats treated with EAF (M. acuminata) 

(50 mg/kg). 
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4. Conclusions 

The present research confirms that the selected plant leaves extracts to possess potential 

antioxidant effects, which can also employ antidiabetic effects by regenerating the β-cells in 

STZ induced diabetic rats. The antioxidant and antidiabetic effects of selected plant leaf 

extracts can be attributed to different phytochemicals such as phenols, saponins, alkaloids, 

sterols, and flavonoids. From the results, we concluded that streptozocin (STZ) injection 

induces hyperglycemia and oxidative stress in normal rats. Administration of P. granatum, E. 

japonica, and M. acuminata extracts (50 mg/kg) to STZ induced diabetic rats reduces blood 

sugar level near to normal values and restores the body weight and oxidative defense 28 days 

of treatment. Thus, the plant leaves extracts to possess antidiabetic and antioxidant activity. 

Methanolic crude extracts of selected plant leaves and their fractions may have a promising 

effect locally where conventional treatment is not easily accessible to the general population 

due to the high cost. 
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