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INTRODUCTION
Diabetes mellitus refer to a group of common met-
abolic disorder that shares the phenotype of hyper-
glycemia. Diabetes mellitus is a chronic disorder and 
it is caused by inherited and/or acquired deficiency 
in production of insulin by the pancreas, or by the 
ineffectiveness of the insulin produced, i.e. insulin 
resistance. This leads into increased concentrations 
of glucose in the blood, which in turn damage many 
of the body’s systems, in particular the blood vessels 
and nerves [1]. The number of people with diabe-
tes has been raised from 108 million in 1980 to 422 
million in 2014. The global prevalence of diabetes 
among adults over 18 years of age has been raised 
from 4.7% in 1980 to 8.5% in 2014. Diabetes preva-
lence has been rising more rapidly in middle and low 
income countries. Diabetes is a major cause of blind-
ness, kidney failure, heart attacks, stroke and lower 
limb amputation [2]. In 2015, an estimated 1.6 mil-
lion deaths were directly caused by diabetes. Almost 
half of all deaths attributable to high blood glucose 
occur before the age of 70 years. WHO projects that 
diabetes will be the seventh leading cause of death in 

2030. Diabetes might be one of the most talked about 
diseases across the world and especially in India. In 
India, today have more people with type 2 diabetes 
(more than 50 million) than any other Nation. In 
India, this increase is estimated to be 58%, from 51 
million people in 2010 to 87 million in 2030 [3]. Sev-
eral distinct type of diabetes exist and are caused by 
a complex interaction of genetics and environmental, 
factor contributing to hyperglycemia include reduce 
insulin secretion, decrease glucose utilization and 
increase glucose production. Diabetes mellitus is 
the leading cause of end stage renal disease (ESRD), 
Non traumatic lower extremity amputation because 
of diabetic peripheral neuropathy (DPN). Common 
presenting symptom of Diabetes mellitus included 
polyurea, polydipsia, polyphagia weight loss, fatigue, 
weakness, blurred vision, frequent superficial infec-
tion and poor wound healing [4]. In comparative to 
synthetic drugs, herbal drugs are effective, less side 
effects, broad range of action and relatively low cost, 
makes polyherbal formulation is a good choice. Be-
sides the miraculous achievement of modern medi-
cal science, humanity is passing through a horror of 
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disease and drug phobia, among the several health 
problems, Diabetes mellitus is a giant disease consid-
ered as one of the arch enemy of the mankind [5]. 
Diabetes and its complications pose a major threat to 
future public health resources throughout the world 
[6]. Changing life style, lack of exercise, fast foods, 
improper unbalanced high fat low fiber diet, and sed-
entary lifestyle are showing upward trend in India. 
This has led to the emergence of Diabetes Mellitus in 
the region. In Ayurveda, Madhumeha is nearest clini-
cal entity for Diabetes Mellitus. Ayurveda has empha-
sized on preventive, promotive measures with due 
consideration of appropriate ahara and vihara. They 
categorized diabetes into 2 groups the obese and the 
lean and prescribed tikth rasa pradhana dravya and 
Shakha for treatment and strenuous exercises for the 
obese diabetics. Astanga Hridayakara while explain-
ing treatment for nirdhan rogi told to walk for 100 
yojanas bare foot and to eat like muni [7].
The determination of α-amylase inhibition was car-
ried out by quantifying the reducing sugar liberated 
under the assay conditions. α-amylase hydrolyzes 
carbohydrates by acting on terminal, non-reducing 
α (1→4) linked D-glucose residues with the release 
of D-glucose. D The enzyme inhibitory activity was 
expressed as a decrease in units D-glucose liberat-
ed [8]. Alpha-glucosidase inhibitors are saccharides 
that act as competitive inhibitors of enzymes needed 
to digest carbohydrates: specifically alpha-glucosi-
dase enzymes in the brush border of the small intes-
tines. The membrane-bound intestinal alpha-gluco-
sidase hydrolyzes oligosaccharides, trisaccharides, 
and disaccharides to glucose and other monosac-
charides in the small intestine. Acarbose also blocks 
pancreatic alpha-amylase in addition to inhibiting 
membrane-bound alpha-glucosidases. Pancreatic 
alpha-amylase hydrolyzes complex starches to oli-
gosaccharides in the lumen of the small intestine. 
Inhibition of these enzyme systems reduces the rate 
of digestion of carbohydrates. Less glucose is ab-
sorbed because the carbohydrates are not broken 
down into glucose molecules. In diabetic patients, 
the short term effect of these drugs therapies is to 
decrease current blood glucose levels: the long term 
effect is a small reduction in hemoglobinA1c level 
[9]. An α-glucosidase is a membrane bound enzyme 
located at the epithelium of small intestine, and the 
key enzyme of carbohydrate digestion. It specifical-
ly hydrolyzes the α-glucopyranoside bond, thereby 
releasing α-D-glucose from the non-reducing end 
of sugar, α-Glucosidase hydrolyzes the terminal, 

non-reducing 1,4-linked α-D-glucose residues with 
release of α-D-glucose. α-glucosidase is needed by all 
animals to hydrolyze glucose. 𝛼-glucosidase plays a
role in the conversion of carbohydrates into glucose 
[10]. Glucose diffusion inhibitory assay is a simple 
diffusion method to evaluate the glucose movement 
in vitro and is expressed in terms of glucose diffusion 
retardation index (GDRI) [11]. This method involves 
the use of a sealed dialysis membrane into which 
solution of glucose and NaCl was introduced and the 
appearance of glucose in the external solution was 
measured. The dialysis membrane was sealed at each 
end and placed in a centrifuge tube. The tubes were 
placed on an orbital shaker and kept at room tem-
perature. The movement of glucose into the external 
solution was monitored at set time intervals [12].
The proposed research work has also been launched 
with the same view to explore the anti-diabetic ef-
fects of Vidangadi Kvatha. (Polyherbal formulation) 
by searching different literatures starting from Veda 
to the Ayurvedic pharmacopeia of India (API) to for-
mulate out a drug which act as anti-hyperglycemic or 
antidiabetic.
Requirements
Alpha amylase enzyme (SRL Mumbai), Alpha gluco-
sidase enzyme (SRL Mumbai), Gly-pronitroanaline 
(GPPN) (SRL Mumbai), Acarbose, 3,5-dinitrosalicyl-
ic acid (DNSA) (SRL Mumbai), Tris-acetate buffer 
(Merk Mumbai), Starch, P-Nitro-phenyl-α-D-Glu-
copyranoside, D-glucose, glucose oxidase, dialysis 
membrane, Vidangadi Kvatha, Vidanga (Fruit), Ha-
ridra (Rhizomes), Shunthi (Rhizomes), Yashtimadhu 
(Stem), Gokshura (Fruit).
METHOLOGY
Preparation of decoction of Vidangadi Kvatha
The ingredients of Vidangadi Kvatha were Vidanga 
(Embelia ribes Burm F.) [13,14], Haridra (curcuma 
longa) [15-19], Shunthi (zingiber officinale Rosc) 
[20-23], Yashtimadhu (Glycrrhiza glabra Linn.) [24-
28], Gokshura (Tribulus terrestris Linn) [29-32]. All 
ingredients were subjected for size reduction using 
the pulvarizer. Equal amount of all crude drugs was 
soaked in 4 times water in vessel and kept over-
night for 12 hrs. After 12 hrs contents were boiled 
at 90°C-95°C with stirring. Water was evaporated 
till 1/4th amount was remains and galenicals was 
filtered through cotton cloth. Filtrate was dried with 
rotatory evaporator and dried powder was used for 
quality control standard test and in vitro antidiabetic 
activity (Table 1).
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Table 1: Quality control testing of Vidangadi Kvatha

SN TEST OBSERVATION

1 Description
Kvatha powder  is dark brown in 
color, astringent-sweet taste and 

pungent smell

2 Test for heavy 
metal

Mercury – BDL (Below detectable 
limit)

Arsenic –   BDL (Below detectable 
limit)

Lead –        BDL (Below detectable 
limit)

Cadmium – BDL (Below detect-
able limit)

3 Test for mi-
crobes

 S. aureus - nil
Pseudomonas aeruginosa - nil

E. coli - nil
Salmonella spp. - nil

4 Pesticide res-
idue Nil

Physicochemical evaluation of Vidangadi Kvatha 
(Decoction)
Physicochemical evaluation of Vidangadi Kvatha (De-
coction)
Phytochemical analysis of Vidangadi Kvatha (De-
coction)
The Phytochemical screening of different extracts of 
crude drugs and Kvatha (decoction) were performed 
according to the procedure mentioned in Ayurvedic 
Pharmacopoeia of India (API).
The Phytochemical analysis of the different extracts 
was given below
Tests for carbohydrate
Fehling’s test: Equal amount of Fehling’s A solution 
(Copper sulphate in distilled water) and Fehling’s B 
solution (Potassium tartrate and sodium hydroxide 
in distilled water) reagent were mixed properly and 
few drops of it was added in extract and boiled and 
finally observed for presence of brick red precipitate 
of cuprous oxide which indicated the presence of car-
bohydrate.
Benedict’s test: 2 ml of the extract is treated with 
drops of Benedict reagent. Red or brown colored pre-
cipitate indicates the presence of carbohydrates.
Molisch’s test: 2 ml of extract was taken in a test 
tube and added 2 drops of a freshly prepared 20% 
alcoholic solution of β-naphthol and mix. 2 ml of 
conc. Sulphuric acid was added from the side of the 
test tube to form a violet ring which disappears on 
addition of an excess of alkali solution indicates the 
presence of carbohydrates.
Tests for Alkaloids
Dragendorff’s test: A few mg of extract of the drug 
was added in 5 ml of distilled water, followed by ad-
dition of 2 ml hydrochloric acid until an acid reaction 

occurs, then added 1 ml of Dragendorf’s reagent, an 
orange precipitate is produced immediately, occur-
rence of orange-red precipitate indicates the pres-
ence of alkaloid.
Mayer’s test: Added a few drops of Mayer’s re-
agent to 1 ml of acidic aqueous extract of the drug, 
pale-yellow precipitate is formed and appearance of 
buff-colored precipitate will be an indication for the 
presence of alkaloids.
Hager’s test: 1 ml of extract was taken in test tube 
and few drops of Hager’s reagent were added. For-
mation of yellow precipitate indicates the presence 
of alkaloids.
Wagner’s test: Acidify 1 ml of extract with 1.5 ml 
of hydro-alcoholic acid then added few drops of 
wagner’s reagent. A yellow of white precipitate was 
formed indicates the presence of alkaloids.
Tests for Sterol and Triterpenoids
2 ml of extract was mixed with few drops of chloro-
form and few drops of concentrated sulphuric acid 
and it was shaken well and allowed to stand for some 
time to observe yellow color precipitation indicated 
the presence of triterpenoids.
Detection of proteins (Biuret test)
2 ml of the extract was treated with 10% sodium 
hydroxide solution and 2 drops of 0.1% copper sul-
phate solution was added and observed for appear-
ance of violet pink color which indicates the pres-
ence of proteins.
Detection of saponins 2 ml of alcoholic and aqueous 
extracts were mixed separately with 20 ml of distilled 
water and shake in a graduated cylinder for 15 mins. 
1 cm layer of foam indicates presence of saponins.
Detection of phenolic compound and Tannins
A small amount of alcoholic and aqueous extracts 
were dissolved separately in water and was tested 
for the presence of phenolic compounds and tannins 
by adding few drops of dilute ferric chloride and lead 
acetate solution and the color of the solution was ob-
served. Greenish black color indicates the presence 
of tannins.
Test for Flavonoids Ferric chloride test: Test solu-
tion (2 ml of extract) was treated with few drops of 
Ferric chloride solution. The yellow color of the solu-
tion was observed, if the solution turns to blackish 
red color indicates the presence of Flavonoids.
iShinoda’s test: Took 0.5 ml of extract in a test tube 
and 5-10 drops of dil. Hydrochloric acid was added 
followed by addition of small piece of magnesium. 
The formation of pink, reddish pink or brown color 
indicates the presence of flavonoids.
Test for glycosides: Detection of glycosides on pa-
per spray solution No. 1 (0.5% aqueous solution of 
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sodium metaperiodate) and waiting for 10 minutes 
after then spraying solution No. 2 (0.5% benzidine) 
(w/v) in solution of ethanol-acetic acid (4:1), white 
spot with blue black background shows presence of 
glycosides.
Test for steroids
Salkowaski Reactions: Added 1 ml of conc. Sul-
phuric acid to 2 ml of test solution from the side of 
the test tube, a red color was produced indicates the 
presence of steroids.
Liebermann-Burchard’s test: Added 2 ml of acetic 
anhydride solution to 1 ml extracts in chloroform 
followed by 1 ml of conc. Sulphuric acid. A greenish 
color is developed which turns to blue indicates the 
presence of steroids [33].
Alpha amylase inhibitory assay of Vidangadi 
Kvatha
The α-amylase enzyme inhibitory assay was per-
formed using the DNSA method. The Vidangadi 
Kvatha (dry powder) was dissolved in prepared 10% 
DMSO and was further dissolved in prepared buffer 
solution ((Na2HPO4/NaH2PO4 (0.02 M), NaCl (0.006 
M) at pH 6.9) to prepare different concentrations of 
10 to 1000 μg/ml. 200 μl of α-amylase enzyme solu-
tion (2 unit/ml) was added in each test-tube contain-
ing 200 μl solution of Vidangadi Kvatha from the pre-
pared stock solution of different concentration and 
test tubes was incubated for 10 min (at 30°C). After 
that 200 μl of starch solution (1% solution in water 
(w/v)) was added and incubated for 3 min. 200 μl 
DNSA reagent was added for reaction termination 
and test tubes was boiled at 85–90°C for 10 min on 
water bath. The final reaction mixture was cooled 
and diluted with addition of 5 ml of water and the 
absorbance of each test tube mixture was recorded 
at 540 nm with UV-Visible spectrophotometer. The 
blank solution of 100% enzyme activity was pre-
pared. A blank solution was prepared with the Vidan-
gadi Kvatha of each concentration free from enzyme 
solution. A positive control solution containing stan-
dard Acarbose (2 μg/ml–100 μg/ml) was prepared 
and reacted with Vidangadi Kvatha. The % α-amylase 
enzyme inhibition value was plotted against concen-
tration of Vidangadi Kvatha and IC50 value was found 
from the prepared graph [34-36]. The α-amylase en-
zyme inhibitory property was expressed as % inhi-
bition and it was calculated with the formula given 
below;
% α amylase inhibition=100 [(Abs100% control−AbsSam-

ple)/Abs100% Control)]
Alpha glucosidase inhibitory assay of Vidangadi 
Kvatha
This assay was carried out to investigate the in vitro 
inhibitory activity of Vidangadi Kvatha. The α-glu-

cosidase inhibitory activity of the Vidangadi Kvatha 
was evaluated using a method described by Kim et 
al. with minor modifications. The reaction mixture 
containing 5 μl of the sample dissolved in DMSO at 
various concentrations and 495 μl of 100 mM phos-
phate buffer (pH 7.0) was added to 250 μl of 3 mM 
substrate solution p-Nitrophenyl-α-D-Glucopyrano-
side (PNPG). The mixtures were pre-incubated for 5 
min at 37°C and 250 μl of α-glucosidase (0.065 unit 
mL-1) was added to start the reaction. The incuba-
tion was continued for 15 min and the reaction was 
terminated by the addition of 1 mL of 0.1 M sodium 
carbonate. Enzymatic activity was quantified by 
measuring the released product of p-Nitrophenyl at 
400 nm. Acarbose was used as a positive standard 
[37,38] (Figure 1).

Figure 1:  % inhibition against concentration in al-
pha amylase inhibitory assay of Vidangadi Kvatha 
and Acarbose
% α glucosidase inhibition=100 [(Abs100% control−
AbsSample)/Abs100% Control]
Glucose diffusion inhibitory assay of Vidangadi 
Kvatha
A glass tube one sided sealed with dialysis mem-
brane, filled with 2 ml of D D-glucose (22 mM pre-
pared in 0.15 M NaCl) and 1 ml Vidangadi Kvatha. 
The open end of the glass tube was sealed with dialy-
sis membrane. Glass tube placed in a beaker contain-
ing 45 ml of NaCl (0.15 M). The beaker was placed on 
an orbital shaking incubator (speed of 100 rotations 
per min at 37°C). Withdraw 10 ml Aliquot of the ex-
ternal solution at different time intervals. Solution 
was tested by glucose oxidase kit for investigating 
the presence of glucose in external solution. A Stan-
dard curve of glucose solution was plotted. The % 
glucose diffusion retardation index (GDRI) was cal-
culated with the given formula [39]:

RESULTS
Physicochemical evaluation of Vidangadi Kvatha
Vidangadi Kvatha powder was dark brown in color, 
astringent-sweet taste and pungent smell. Phyto-
chemical screening of Vidangadi Kvatha was per-
formed and found that carbohydrate, flavonoids, al-
kaloids, proteins, tannins saponins and amino acids 
was present in Kvatha. The volatile oils and steroids 
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are absent in Vidangadi Kvatha. The microbial con-
tamination, presence of heavy metals and pesticide 
residue was absent in Vidangadi Kvatha.
Alpha amylase inhibitory assay
An in vitro a-amylase enzyme inhibition test of Vidan-
gadi Kvatha was performed in triplicate. The results 
show that the IC50 value of Vidangadi Kvatha and Acar-
bose was 70.39 ± 0.0890 µg/ml and 40.89 ± 7.162 µg/
ml. These results confirm that Vidangadi Kvatha have 
α-amylase inhibitory property (Figure 2).

Figure 2: % inhibition against concentration in al-

pha glucosidase inhibitory assay of Vidangadi Kvatha 
and Acarbose
Alpha glucosidase inhibitory assay
The α-glucosidase inhibitory activity of the Vidanga-
di Kvatha was evaluated in triplicate using standard 
method. The % inhibition and IC50 value of Vidangadi 
Kvatha and Acarbose were calculated from the graph 
plotted between % inhibition and concentration of 
Vidangadi Kvatha. The IC50 value of Vidangadi Kvatha 
and Acarbose was found 321 microgram/ml and 
175 microgram/ml. The result shows that Vidanga-
di Kvatha has alpha glucosidase inhibitory property 
(Table 2).
Glucose diffusion inhibitory assay
In glucose diffusion inhibitory assay percent glucose 
diffusion retardation index (%GDRI) was calculated 
and the result shows the % GDRI was found maxi-
mum in Vidangadi Kvatha i.e. 45% at 30 min time in-
terval and 83% at 60 min time interval (Figure 3) in 
comparison to other drugs (Table 3).

S.N. Enzymes Drugs Concentrations 
(µg/Ml)

Percentage of 
inhibition IC50 value

1 Alpha amylase

Vidangadi Kvatha

10 10

70.39±1.0890

20 15
40 30
60 44
80 59

100 67

Acarbose

10 23

40.89±7.1625

20 46
40 52
60 66
80 69

100 80

2 Alpha Glucosi-
dase

Vidangadi Kvatha

100 25.2

321.73±20.33
200 32.2
300 48.3
400 58.4
500 72.6

Acarbose

100 42

175.99±15.91
200 51.1
300 65.7
400 73.2
500 80.9

All values are present in Mean±SD, analyzed by one way ANOVA, P<0.05

Table 2: The % inhibition and IC50 value of Vidangadi Kvatha and Acarbose against alpha amylase and alpha gluco-
sidase enzyme
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Figure 3: Graphical representation of the glucose 
concentration at 30 and 60 min in glucose diffusion 
inhibitory assay
DISCUSSION
Ayurvedic medicines are most popular in the world 
because of its effectiveness, low cost and minimum 
side effects as well as the availability in the world 
and in India. In India there are about 45,000 plant 
species and 20,000–25,000 plants have medicinal 
properties. The ingredients of Vidangadi Kvatha was 
Vidanga (Embelia ribes Burm F.) Haridra (curcuma 
longa), Shunthi (zingiber officinale Rosc), Yashti-
madhu (Glycrrhiza glabra Linn.) Gokshura (Tribulus 
terrestris Linn). The Vidangadi Kvatha was tested for 
the presence of microbes in preparation; presence of 
heavy metals (mercury, arsenic, cadmium and lead) 
and the results shows the absence of microbes and 
heavy metals. The pesticides was also absent in the 
preparation. 
The physical property of Vidangadi Kvatha include 
there are yellowish-brown in color, pungent smell, 
light sweet in taste due to the presence of huge 
amount of tannins and flavonoids. The Phytochem-
ical study was performed for estimation of Phyto-
chemicals present in Kvatha and proved by chromato-
graphic study. In in-vitro study Vidangadi Kvatha was 
evaluated for alpha amylase inhibition, alpha gluco-
sidase inhibition, and glucose diffusion retardation 

from dialysis membrane. The alpha amylase inhibi-
tory assay of Vidangadi Kvatha was performed as per 
standard protocol using Acarbose as standard and % 
inhibition and IC50 (Vidangadi Kvatha 70.39 ± 1.08 
µg/ml, Acarbose 40.89 ± 7.16 µg/ml) was calculated. 
The IC50 value of Vidangadi Kvatha was found to be 
321.73 ± 20.33 µg/ml and 175.99 ± 15.91 µg/ml for 
Acarbose the results are highly significant. In glucose 
diffusion inhibitory assay percent glucose diffusion 
retardation index (%GDRI) was calculated and the 
result shows the %GDRI was found maximum in 
Vidangadi Kvatha i.e. 45% at 30 min time interval 
and 83% at 60 min time interval in comparison to 
other drugs.
CONCLUSION
The present study focus on antidiabetic property 
of Vidangadi Kvatha and trying to established the 
mechanism of action through different experimen-
tal models like inhibition of amylase activity, gluco-
sidase enzyme activity, glucose diffusion inhibitory 
activity.
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