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Abstract: Diabetes mellitus is a serious health problem with continuously increasing rates of incidence and mortality. 
Many medicinal plants have been used for the treatment of diabetes mellitus in Indian system of medicine and in 
other ancient systems of the world. Andrographis paniculata Nees, a multipurpose tropical plant is believed to have 
many medicinal properties. The purpose of this study was to evaluate the in vitro antidiabetic activity of the Hexane, 
DCM and Methanol extracts of Andrographis paniculata Nees. The extracts were analyzed for antidiabetic potential 
using a systemic study platform which includes in vitro assays namely alpha glucosidase inhibitory activity, alpha 
amylase inhibitory activity and Glucose uptake by 3T3L1 (mouse fibroblast). All the three extracts showed good dose 
dependent α-glucosidase and α-amylase inhibitory activity but methanolic extract gave better results than the other 
extracts. All the three extracts could induce glucose uptake in the 3T3-L1 cells in the absence of insulin.  
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I. INTRODUCTION 

 
In Ayurvedic Medicine, there are numerous herbs which have been used historically for treating a large 

variety of ailments. Medicinal plants are the richest bio-resource of drugs of traditional systems of medicine, 
modern medicines, nutraceuticals, food supplements, folk medicines, pharmaceutical intermediates and 
chemical entities for synthetic drugs.Andrographis paniculata Nees. is a plant that has been effectively used in 
traditional Asian medicines for centuries.The plant belongs to the family of Acanthaceae. The common name is 
Kalmegh or bhuminim. It is an annual, branched, erect- running ½ to 1 meter in height.A. paniculata (AP)has 
been reported as having antibacterial, antifungal, antiviral, choleretic, hypoglycemic hypocholesterolemic, and 
adaptogenic effects.1Andrographolide is a major bioactive phytoconstituent found in various parts of A. 
paniculata but particularly in the leaves2,3. 

Diabetes is an important human ailment afflicting many from various walks of life in different countries. 
Diabetes mellitus is a complex and a diverse group of disorders that disturbs the metabolism of carbohydrate, fat 
and protein.The world health organization has estimated a total of 171 million of people with diabetes mellitus 
from the global population, and this report projected to increase to 366 million by 20304.Allopathic drugs used 
for the treatment of diabetes have their own side effect & adverse effect. like hypoglycaemia, nausea, vomiting, 
hyponatremia, flatulence, diarrhoea or constipation, alcohol flush, headache, weight gain, lactic acidosis, 
pernicious anaemia, dyspepsia, dizziness, joint pain5. So instead of allopathic drugs, herbal drugs are a great 
choice which is having more or less no side effect & adverse effects6. 

The lack of perfect models for type II diabetes, coupled with financial restrictions on obtaining and 
maintaining animals, and social restrictions on extensive use of animals in experimentation, indicate that a more 
practical approach would involve a series of in vitro prescreens before testing a potential new hypoglycaemic 
agent in animals. 

Advantages of in vitro models include: 1) Rapid large-scale screening of drug candidates allows promising 
substances to be identified at an early stage of the drug development process; 2) The time and costs involved in 
developing active agents are significantly reduced and 3) Cost-intensive and ethically controversial animal 
experiments can be reduced to a minimum.  
 The objective of the present study was to evaluate the in vitro antihypoglycemic  activity of the 
Hexane, DCM and Methanol extracts of Andrographis paniculata Nees. 
 

 
II. MATERIALS AND METHODS 

 
2.1 Sample Collection and Extraction 
Dried aerial parts of A. paniculata was obtained from APMC market, Vashi.They were powdered using a 
grinder, sieved and used for further analysis. The plant material was subjected to Soxhlet extraction using three 
different solvent successively in order of polarity i.e. from non-polar to polar. The solvents used were hexane, 
dichloromethane and methanol. 
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2.2In vitro Antihypoglycemic Assay 
 
A) Alpha glucosidase inhibitory activity 
The inhibition of 𝛼-glucosidase activity was determined using the modified published method7. The yeast alpha 
glucosidase was dissolved in 100 mM phosphate buffer pH 6.8 and was used as the enzyme extract. P-
Nitrophenyl-α-D-glucopyranoside was used as the substrate. Plant extracts were used in the concentration 
ranging from 2 - 64 mg/ml. Different concentrations of plant extracts were mixed with 320 µl of 100 mM 
phosphate buffer pH 6.8 at 30 °C for 5 minutes. 2 ml of 50 mM sodium carbonate was added to the mixture to 
terminate the reaction. 𝛼-glucosidase activity was determined spectrophotometrically at 410 nm on 
spectrophotometer UV-Vis (Shimadzu 265) by measuring the quantity of 𝑝-nitrophenol released from p-
NPG.The control samples were prepared without any plant extracts. Different concentrations ranging from 0.1 – 
10 mg/ml of acarbose was used as positive control. The % inhibition was calculated according to the formula: 
 

% Inhibition = (1–B/A) × 100,  
 where A is the absorbance of control and  
            B is the absorbance of samples containing extracts. 
The IC 50 values were determined from plots of percent inhibition versus log inhibitor concentration. 
 
 
B) Alpha amylase inhibitory activity  
The assay was carried out following the standard protocol using the 3,5-dinitrosalicylic acid (DNSA) method8. 
A volume of 200 μl of α-amylase solution (2 units/ml) was mixed with 200 μl of the differentconcentrations of 
extractsranging from 2 - 64 mg/mland was incubated for 10 min at 30 °C. Thereafter 200 μl of the starch 
solution (0.5% in water (w/v)) was added to each tube and incubated for 3 min. The reaction was terminated by 
the addition of 200 μl DNSA reagent and was boiled for 10 min in a water bath at 85–90 °C. The absorbance of 
resulting supernatant was measured at 540 nm using spectrophotometer UV-Vis (Shimadzu 265).Different 
concentrations ranging from 0.1 – 10 mg/ml of acarbose was used as positive control. 
Percent α-amylase inhibition was calculated as follows:   
   

% inhibition = (1–B/A) × 100,  
 where A is the absorbance of control and  
            B is the absorbance of samples containing extracts.  
 
 
2.3  Cytotoxicity Assay 
The extract of A.paniculata leaf was tested for in vitro cytotoxicity, using 3T3L1 cells by 3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay. The 3T3-L1  adipocytes  were treated 
with concentration of 6.5 to 200 g/ml of extracts. Herbal extract treated cells were incubated for a day at 37°C 
in humidified 5% CO2atmosphere. The adherent cells were washed two times with Phosphate buffered saline 
(PBS). Then, 20 μl of MTT stock solution (5 mg/ml) was added to each well and the plates were further 
incubated for 4 hours at 37 °C. Then, 100 μl of DMSO was added to each well. Cells were left for one hour and 
the absorbance was measured at a wavelength of 570 nm and reference wavelength 630 nm with a micro plate 
reader (Biotek, USA). 
 
 
2.4   Glucose Uptake Assay by 3T3L1 Cells 
The Inhibition of Glucose Uptake by the extracts were studied in 3T3L1 adipocytes9. 3T3L1 cells were seeded 
(2 × 105 cells/mL) in 6-well plates and treated with Oleic Acid (2 mM) for 24 h. After incubation, cells were 
incubated in glucose- and serum-free DMEM for another 2 h.  Different plant extracts (50 g/ml) and 7 mM 
glucose were treated in 3T3L1 cells for 24 h. The supernatant of each group was collected and the glucose level 
was measured using a using Abcam Glucose Uptake Assay Colorimetric Kit (ab 136955). The 2-DG6P is 
oxidized to generate NADPH, which can be determined by an enzymatic recycling amplification reaction. 
All the Assays were performed in three replicates and then the measurements were averaged. 
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III. RESULTS AND DISCUSSION 

3.1 Inhibitory activity of different AP extracts against α-glucosidase 

 

Figure 1. The α-glucosidase inhibitory activity different extracts of A. paniculata. 
Fig 1 shows that all the extracts of A. paniculata showed a dose dependent inhibitory action against α-glucosidase. Negligible inhibition was 
observed at 2 to 4 mg/ml concentrations of all the three extracts but a considerable increase was observed at 16 to 64 mg/ml concentrations. 
Methanolic extract showed the best inhibitory effect. 

 
 

3.2 Inhibitory activity of different AP extracts against α-amylase 

 
 

Figure 2. The α-amylase inhibitory activity different extracts of A. paniculata. 
Fig 2 shows the effect of different extracts of AP on α-amylase which was also found to be dose dependent for all the three extracts. Similar 
to the results of α-glucosidase inhibitory activity, Methanolic extract showed the best inhibitory effect on α-amylase. At lower 
concentrations DCM and methanolic extracts showed a similar activity but at higher concentration, the methanolic extract showed a greater 
inhibitory activity. 

 
 

Inhibitory activity of different concentration of Acarbose against α-glucosidase and α-amylase 
 

 

 
 

Figure 3. The α-glucosidase inhibitory and α-amylase inhibitory activity    different extracts of Acarbose. 
Fig 3 shows the effect of acarbose, which was used as the positive control, on α-glucosidase and α-amylase. Acarbose also showed very less 
inhibition of both the enzymes at lower concentrations but showed good inhibition at 5mg/ml and 10 mg/ml concentration. Highest 
inhibition for α-glucosidase was found to be 87% at 10 mg/ml concentration and for α-amylase highest inhibition was 52.6% at the same 
concentration. Acarbose showed dose dependent inhibition for α-glucosidase. However, against α-amylase, dose dependent inhibition was 
not observed at lower concentrations. 
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Table 1. IC50 values for in vitro α-glucosidase and α-amylase inhibition by acarbose and different AP extracts 
All the analyses were done in triplicates. At least four serially diluted solutions of each analyte were taken for 
the calculation of the IC50 values. 
 

 
3.3 Cytotoxicity Assay 
 

 
 

Figure 4: The cell viability effect of AP extracts on 3T3L1 cells. 
Fig 4 shows the effect of the crude extracts on the cell viability of the 3T3-L1 cell lines. The methanolic extract did not show a considerable 
decrease in the viability till 200 g/ml. DCM extract showed a dose dependent decrease in the viability. N-hexane extract did not show a 
decrease in the viability at low concentrations but above 25 g/ml concentration, the viability decreased as the concentration increased. 
 

 
3.4 Glucose Uptake Assay by 3T3L1 Cells 
 
  

 
 

Figure 5: 2-DG2P standard Graph 

 

Analyte IC50 

 α-glucosidase α-amylase 

Acarbose 5.36  0.28 9.49  0.15 

Methanol AP extract 27.97  0.35 55.10  0.26 

DCM AP extract 54.12  0.48 105.40  0.73 

n-Hexane AP extract 61.32  0.39 153.25  0.53 
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Figure 6: 2-DG Uptake in 3T3-L1 Cell Lines 

Fig 5 depicts the standard graph obtained for 2-DG2P using Abcam Glucose Uptake Assay Colorimetric Kit. This graph was used to 
determine the glucose uptake by 3T3-L1 cell lines in the presence of the AP extracts which is shown in Fig 6. All the three extracts were 
able to increase the glucose uptake in the cells as compared with the control. However, when compared with insulin, the glucose uptake in 
presence of the AP extract was low but comparable. 

 
Plants which in phytochemicals like flavonoids, tannins alkaloids, phenolic compounds have various therapeutic 
applications. These bioactive compounds could be isolated and further standardized to be used in treatment of 
many diseases without any side effects which are observed with various synthetic drugs. Our previous study10, it 
was reported that the phytochemical screening of AP extracts prepared in methanol, DCM and n-hexaneusing 
HPTLC showed the presence of flavonoids in higher amounts besides other phytochemicals like alkaloids and 
tannins. These phytochemicals were responsible for good radical scavenging, antibacterial and antifungal 
activities shown by these extracts.  

 
In the present study, we have tried to study the activity of these three extracts on in vitroα-glucosidase and α-
amylase activities. α-amylase and α-glucosidase are the enzymes responsible for digestion of carbohydrates and 
increasing the postprandial glucose levels in diabetic patients. Inhibiting their activity could help in controlling 
postprandial hyperglycemia11. The effect of AP extracts was compared with the commercial available acarbose 
which is an α-glucosidase and α-amylase inhibitor but have gastrointestinal side effects12.It was found that all 
the three extracts could inhibit both enzymes in a dose dependent manner. However, all the three extracts 
showed a higher α-glucosidase inhibitory activity as compared to inhibitingα-amylase activity. Moreover, as 
depicted in Table No.1 summarising the IC50values of all the analytes, methanol extract was found to be a strong 
inhibitor of enzymes withIC50 being 27.97 mg/ml and 55.1 mg/ml for the α-glucosidase and α-amylase 
respectively. Although acarbose appears to be more effective inhibitor in comparison with these extracts, further 
purification of the extract may give better inhibition of enzymes.  

 
The glucose uptake by the adipose tissue stimulated by insulin is responsible for decreasing the postprandial 
blood glucose levels, thus critical in managing diabetes mellitus13. For studying the effect of crude extracts, 
3T3-L1 cells act as an excellent system. The cell cytotoxicity assay show that the AP extracts didn't have 
considerable effect on the viability of the cells at lower concentrations of all extracts.  However, the cell 
viability was reported to decline with increase in the concentration of DCM and n-hexane extracts. In the current 
study, it was demonstrated that the AP extracts could significantly increase glucose uptake in the 3T3-L1 cells. 
The effect was comparable to the effect of insulin. As stated earlier, further purification of the extracts could 
enhance the insulin like activity also.  
 

IV. CONCLUSION 
 
In this study,in vitro studies were carried out to evaluate the antidiabetic potential of different extracts of 
Andrographis paniculata. It was found that methanolic extract gave the better enzyme inhibitory and glucose 
uptake activity as compared to DCM and n-hexane extracts. 
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