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INTRODUCTION 

Diabetes mellitus is a chronic disorder caused by 

partial or complete insulin deficiency,resulting in 

hyperglycaemia leading to acute and chronic 

complications.14The incidence of diabetes mellitus is 

on rise allover the world.Control of plasma glucose 
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Abstract 

Objective:  In vitro analysis of the anti-diabetic effect of 

aqueous extracts of the medicinal plants Nigella sativa, 

Eugenia jambolana, Andrographis paniculata, 

Gymnema sylvestre. Methods: Aqueous extracts of the 

plants were prepared by maceration. They were then 

tested for inhibition of α-amylase activity by DNSA 

colour reagent. They were tested for their ability to 

hinder diffusion of glucose across a dialysis membrane. 

Results: The aqueous extract of Nigella sativa showed 

maximum inhibition of α-amylase activity and a strong 

hindrance to diffusion of glucose across a dialysis 

membrane. Andrographis paniculata showed both a 

strong inhibition of α-amylase and a significant 

hindrance to the diffusion of glucose across the dialysis 

membrane. Gymnema sylvestre showed low inhibition 

of α-amylase activity, but it showed maximum 

hindrance to the diffusion of glucose across the dialysis 

membrane. Nigella sativa was found to possess 

maximum anti-diabetic properties. Conclusions: The 

findings indicate that all the above plants possess anti-

diabetic properties too varying degrees. They can be 

used to develop natural drugs which may be used in lieu 

of commonly used strong allopathic drugs which possess 

a number of harmful side effects. 
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concentrations is vital to decrease the incidence and 

severity of longterm diabetes effects.6Synthetic drugs 

are likely to give serious effects in addition they are 

not suitable for intake during conditions like 

pregnancy.9Apart from conventional diabetes 

therapy, several studies have shown that some plants 

used in traditional medicine have beneficial effects in 

diabetic patients.13,11More than 400 plants worldwide 

have been documented as beneficial in the treatment 

of diabetes.3,4,12The majority of traditional anti-

diabetic plants await proper scientific and medical 

evaluation for their ability to improve blood glucose 

control. Nigella sativa is a grassy plant with green- to 

blue-coloured flowers and small black seeds that 

grows in temperate and cold climates.2 It is 

commonly used in Asian cuisine as a spice and is a 

home remedy for the respiratory problems and the 

common cold. Andrographis paniculata is an herb 

native to India belonging to the family Acanthaceae. 

Because of its extremely bitter taste, it is known as 

the “King of Bitters” and is a common Ayurveda 

treatment for various diseases. Gymnema sylvestre 

is an herb native to tropical Indian forests and has 

been used in herbal medicine as a treatment for 

diabetes for nearly two millennia, but there is 

insufficient scientific evidence to draw definitive 

conclusions about its efficacy.15Eugenia jambolana is 

the member of Myrtaceae family. It is also known in 

Hindi as jamun, jambo, jambul, jamhool, in English 

as black plum, purple plum, black berry and, nerudu 

in Telugu.10 

 

MATERIALS AND METHODS 

Chemicals and reagents: The dialysis membrane 

and 1-4,α-D-Glucan-glucanohydrolase (α-amylase) 

were purchased from HiMedia Laboratories, 

Mumbai, India. All other chemicals, reagents, kits 

and solvents used in this study were of analytical 

grade and procured locally. 

 

Plant material and extract powder: Fresh 

leaves of the above plants were collected from 

Gudiyattham District, Tamil Nadu, India. Plant 

material was shade dried and ground into a powder. 

Extract was prepared by successive maceration of the 

powder (10g) at room temperature with aqueous 

extract (100ml) in shaker for 2 days. The final extract 

obtained was filtered and the filtrate was subjected to 

lyophilisation (Shimadzu Analytical (India) Pvt 

Ltd,Mumbai, India) to obtain powdered extract 

which was used for the following assays. 

 

Inhibition assay for α-amylase activity 

(DNSA): Four concentrations of plant extract were 

prepared by dissolving in double distilled water. 

These were 25mg/ml, 50mg/ml, 75mg/ml and 

100mg/ml. A total of 500µl of plant extract and 500 

µl of 0.02M sodium phosphate buffer (pH 6.9 with 

0.006M sodium chloride) containing α-amylase 

solution (0.5mg/ml) were incubated for 10 minutes 

at 25°C.After pre-incubation,500 µl of 1% starch 

solution in 0.02M sodium phosphate buffer (pH6.9 

with 0.006M sodium chloride)was added to each 

tube at 5s intervals. This reaction mixture was then 

incubated for 10 minutes at 25°C.1ml of DNSA colour 

reagent was added to stop the reaction. These 

testtubes were then incubated in a boiling water bath 

for 5 minutes and cooled to room temperature. 

Finally this reaction mixture was again diluted by 

adding 10ml distilled water following which 

absorbance was measured at 540nm.5 

 

 

Glucose diffusion inhibitory study: An aqueous 

extract of all the plants was prepared by maceration 

at 37°C. 1ml of the extract was then placed in a 

dialysis membrane (12000MW, HiMedia 

Laboratories, Mumbai, India) along with a glucose 

solution (0.22mM in 0.15 M sodium chloride).It was 

then tied at both ends using thread and it was 

immersed in a beaker containing 40ml of 0.15 M 

sodium chloride and 10ml of distilled water. The 

control contained 1ml of 0.15M sodium chloride 
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containing 22mM glucose and 1ml of distilled water. 

The beakers were then placed on orbital shaker (The 

I L E Company, Chennai, India) and kept at room 

temperature. The movement of glucose into the 

external solution was monitored every half hour. 

Three replications of this were done for 3 hours.4,12 

 

RESULTS 

Inhibition assay for α-amylase activity 

(DNSA): The results of the DNSA study are 

summarized in Figure 1 and Table 1.All the above 

four plants showed varying effect on glucose 

utilization. At all concentrations, Nigella sativa 

showed maximum inhibition of the enzyme with the 

highest value of 84% seen at 100mg/ml 

concentration of plant extract. Eugenia jambolana 

showed the next highest value of 71.71% seen at 

100mg/ml concentration of plant extract. 

Andrographis paniculata showed the third highest 

value of 65.78% seen at 100mg/ml concentration of 

the plant extract and Gymnema sylvestre showed the 

least inhibition of enzyme with a highest value of only 

49.34% seen at 100mg/ml concentration of plant 

extract. 

 

 

Figure 1.Effects of aqueous extracts of Nigella sativa, Eugenia jambolana, Andrographis paniculata and 
Gymnema sylvestre at varying concentrationson α-amylase activity as compared to an aqueous extract. The 

figures are in percentage with the control showing 0% inhibition. The errors in measurement are indicated by the 
black bars. 

 
Table 1: % Inhibition of α-amylase enzyme brought about by aqueous extracts of varying concentrations of 
Nigella sativa,Eugenia jambolana, Andrographis paniculata and Gymnema sylvestre as compared to an 

aqueous control. 
 

% Inhibition of α-amylase 
 

Concentration 
(mg/ml) 

Control 
%* 

Nigella 
sativa 
%* 

Eugenia 
jambolana 

%* 

Andrographis 
paniculata 

%* 

Gymnema sylvestre 
%* 

25 0% 73.02% 60.52% 54.60% 35.52% 

50 0% 77.92% 66.23% 60.39% 40.90% 

75 0% 80.66% 69.33% 62.66% 45.33% 

100 0% 84% 71.71% 65.78% 49.34% 

*p < 0.05 
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Glucose diffusion inhibitory test: The results of 

the glucose diffusion inhibitory test are given in 

Tables 2 and 3.They have been compared in Figures 2 

and 3. All plants showed significant inhibitory 

activity with Gymnema sylvestre showing maximum 

inhibition to the diffusion of glucose and Eugenia 

jambolana showing least inhibition to the diffusion 

of glucose. 

 

Figure 2. Effect of aqueous extracts of Nigella sativa, Eugenia jambolana, Andrographis paniculata and 
Gymnema sylvestre on the diffusion of glucose out of a dialysis membrane as compared to aqueous control. 

Values are Means SEM for groups of 3 observations with their standard errors indicated by vertical bars. 
 

 
 

Figure 3. Relative movement of glucose across dialysis membrane with respect to aqueous control under the 
influence of aqueous extracts of Nigella sativa, Eugenia jambolana, Andrographis paniculata and Gymnema 

sylvestre. Values are percentages with their standard errors indicated by vertical bars. 
 

Table 2: Effect of aqueous extracts (100g/l) of Nigella sativa and Eugenia jambolana on diffusion of glucose out 
of a dialysis membrane over 180 minutes. 

Concentration of Glucose (mg/dl) 

Time 
(Minutes) 

Control 
Mean±SEM* 

Nigella 
sativa 

Mean±SEM* 

Relative Movement 
%** 

Eugenia 
jambolana 
Mean±SEM* 

Relative Movement 
%** 

30 0.007±0.0003 0.004±0.0015 61.43% 0.0063±0.0017 90% 

60 0.03±0.0015 0.024±0.0017 81% 0.0163±0.0022 54.33% 

90 0.117±0.0058 0.093±0.0085 79.48% 0.0176±0.0017 15.04% 

120 0.128±0.0064 0.1±0.002 78.36% 0.0573±0.0062 44.76% 

150 0.149±0.0074 0.118±0.0042 79.40% 0.115±0.0026 77.18% 

180 0.152±0.0076 0.12±0.0046 78.94% 0.1593±0.0064 104.60% 

Values are Means ± SEM for groups of 3 observations.  
*p < 0.05 
**p<0.01 
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Table 3: Effect of aqueous extracts (100g/l) of Andrographis paniculata and Gymnema sylvestre on diffusion of 
glucose out of a dialysis membrane over 180 minutes. 

 
Concentration of Glucose (mg/dl) 

Time 
(Minutes) 

Control 
Mean±SEM* 

Andrographis 
paniculata 
Mean±SEM* 

Relative 
Movement 

%** 

Gymnema 
sylvestre 

Mean±SEM* 

Relative 
Movement 

%** 

30 0.007±0.0003 0.0063±0.0022 90% 0.0033±0.0017 47.14% 

60 0.03±0.0015 0.0126±0.0028 42% 0.0136±0.0027 45.33% 

90 0.117±0.0058 0.0203±0.0089 17.35% 0.0146±0.0013 12.47% 

120 0.128±0.0064 0.035±0.002 27.34% 0.0163±0.0017 12.73% 

150 0.149±0.0074 0.056±0.0033 37.58% 0.0276±0.0037 18.52% 

180 0.152±0.0076 0.0956±0.0024 62.89% 0.0536±0.0011 35.26% 

Values are Means ± SEM for groups of 3 observations.  
*p < 0.05 
**p<0.01 

 
DISCUSSION 

Plants serve as an excellent source of various 

therapeutic agents. One of the major advantages of 

using plants is that they seldom show the deleterious 

side effects commonly associated with other 

allopathic drugs. This study investigated the ability of 

Nigella sativa, Eugenia jambolana, Andrographis 

paniculata and Gymnema sylvestre to serve as 

effective anti-diabetic agents. 

Eugenia jambolana is reported to have 

hypolipedemic effect; it reduces blood cholesterol, 

triglycerides and free fatty acids.10Aqueous extract of 

Nigella sativa has been shown to decrease insulin 

resistance in diabetic Meriones shawi.1Aqueous 

extract of Andrographis paniculata is known to 

exhibit antioxidant action in terms of free radical 

xanthine oxidase inhibition and anti-lipid 

peroxidation.7Gymnema sylvestre has been reported 

to possess significant anti-diabetic activity and a 

hypolipidemic activity in alloxan induced and normal 

fasting rats.8 All these tests were done in vivo and 

this is the first in vitro study for these plants. 

Nigella sativa showed the maximum inhibition of α-

amylase activity. It also showed a strong inhibition 

towards the flow of glucose across a dialysis 

membrane. Eugenia jambolana showed the second 

most inhibition of α-amylase activity but it showed 

the least inhibition to diffusion of glucose across a 

dialysis membrane. It effectively inhibited the 

diffusion of glucose only for 150 minutes. 

Andrographis paniculata showed a strong inhibition 

of α-amylase activity and a strong inhibition towards 

flow of glucose across a dialysis membrane. It 

showed very strong anti-diabetic properties in both 

tests. The glucose diffusion inhibitory test showed 

Gymnema sylvestre to have the maximum inhibitory 

effect to the diffusion of glucose across a dialysis 

membrane but it showed the least inhibition of α-

amylase activity. In the end Nigella sativa was found 

to have maximum anti-diabetic activity. 

All the plants used in this study are of Indian origin 

and are well known by herbal pharmacologists for 

their medicinal properties. This study provides 

scientific evidence of their anti-diabetic effect. These 

plants are very affordable to the common man and 

can be easily incorporated in their daily diets. They 

can be further analysed to develop anti-diabetic 

drugs free from harmful side effects. 
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