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ABSTRACT 

Dhanwantaram Kashayam (DK) is a polyherbal decoction used in Ayurveda for 

the postnatal care of mothers and for treating gynaecological diseases. It is also 

used as a growth stimulant in children as well as a regenerative medicine. 

Present study was to assess the various phytochemicals present in DK and to 

elucidate the role of DK as an effective antioxidant and free radical scavenger. 

Phytochemicals such as total phenolic content, total flavonoids and total 

tannins were assessed using standard biochemical methods. This study also 

investigated its in vitro antioxidant activity by ferric reducing antioxidant 

power (FRAP) assay and the free radical scavenging activity by assessing the 

scavenging activities on 2’2-Diphenyl-1-Picryl Hydrazine (DPPH), 2,2'-azino-bis 

(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS), phosphomolybdenum, 

hydrogen peroxide, nitric oxide and the hydroxyl radical. Phytochemical assay 

reported fairly high levels of tannins 0.22 ± 0.015mg/g, total flavonoids 1.23 ± 

0.043 mg/g and total poly phenolic content 10.05 ± 0.94 mg/g. DK was found to 

have very good antioxidant activity and it scavenged the different free radicals 

in a dose dependent manner with low IC50 values (DPPH: 2.08±0.051, 

ABTS:38.46±2.75, phosphomolybdenum 50.4±2.63, H2O2: 57.9±3.15, NO: 

57.25±3.7, all expressed in µg/ml. Values were significant with p<0.05). Results 

of this study clearly revealed that the DK is rich in phytochemicals and is a 

good source of natural antioxidants and is an efficient scavenger of peroxide 

radicals. This supports the use of DK in Ayurveda as a regenerative medicine, 

but further studies are needed to correlate the in vitro observations with its 

pharmacological effects in vivo. 

 

  

 

 

 

 

 

 
 

 INTRODUCTION 

Plants synthesize different phytochemicals [1, 2] 

which are good antioxidants help in the fight against 

damages caused by reactive oxygen species (ROS) in 

animals [3, 4]. The vitamins A, C, E, and different 

phenolic compounds such as flavonoids, tannins, and 

lignins are the major phytochemicals with significant 

antioxidant capacity [3]. Other phytochemicals such as 

beta carotene, ascorbic acid and different phenolic 

compounds found in plants were found to have anti-

inflammatory activity [5], and prevent or ameliorate 

symptoms of degenerative diseases like diabetes, 

Alzheimer’s [6], Parkinson’s [7], and certain cancers [8, 

9].  

Oxidative stress is reported to be the major cause of 

the pathogenesis of chronic diseases like diabetes. 

Reactive oxygen species (ROS) and free radicals play 

major roles in the progression and development of 

diseases like cancer, asthma and diabetes [10]. 

Phytochemicals are found to protect our body by 

lessening oxidative stress as well as by removing ROS 

[11]. Dhanwantaram Kashayam (DK) is a poly herbal 

formulation in the form of a decoction and the herbs 

used for its preparation are having regeneration 

property [12]. DK has excellent antioxidant properties 

as well [13]. 

Drugs of plant origin from Ayurveda have already 

proved to be excellent leads for drug development [14]. 

DK is used in Ayurveda for many ailments and 
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improving general health without any noticeable side 

effects, but as in the case of many other ayurvedic 

drugs, no objective, verifiable data exist to support 

many such claims [15]. As DK is well known as a 

rejuvenating drug as well as having a suggested 

ability of preventing tissue regeneration in Ayurveda, 

in the present study, we investigated on the 

phytochemical components with antioxidant capacity 

of DK. We mainly focused on the possible 

phytochemical components like total tannins, total 

flavonoids and total phenolic content. In vitro 

antioxidant power as well as free radical scavenging 

activity through the assays like ferric reducing 

antioxidant power (FRAP) and 2’2-diphenyl-1-picryl 

hydrazine (DPPH) scavenging activity, 2,2'-azino-

bis(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS) 

radical scavenging assay, phosphomolybdenum assay, 

hydroxyl radical scavenging activity, hydrogen 

peroxide-scavenging activity and nitric oxide 

scavenging activity of DK were also studied to 

delineate its mode of action. 

The observations in this study provides information 

about the phytochemical composition as well as the 

antioxidant power of DK. This information throws 

light into the possible mode of action and provide 

experimental support for its use in Ayurvedic system 

of medicine in managing various diseases initiated by 

oxidative stress. Unravelling pharmacological 

information of Ayurvedic drugs in contemporary 

scientific language would help in expanding its 

acceptance worldwide in the management of various 

disorders. This will also help in the development of 

new cost-effective drugs from natural resources.  

 

MATERIALS AND METHODS 

Chemicals 

All biochemicals used for the study were obtained 

from Sigma-Aldrich, Bangalore, India and Sisco 

Research Laboratories (Mumbai, India). Folin–

Ciocalteu’s reagent,  methanol, ethanol, sulfuric acid, 

sodium carbonate, sodium nitrite, sodium hydroxide, 

sodium acetate, acetic acid, aluminium chloride were 

purchased from Loba Chemie Pvt Ltd, Mumbai, India 

and  iron  (III)  chloride,  1,1-diphenyl-2-

picrylhydrazyl  (DPPH),  2,2′- azinobis-(3-ethylben-

zothiazoline-6-sulfonicacid) (ABTS), 2,4,6-tris(1-

pyridyl)-5-triazine (TPTZ), were  purchased  from  

Sigma– Aldrich. Gallic acid was from HiMedia 

Laboratories, Mumbai, India. All chemicals and 

reagents used in the study were analytical grade 

 

DK collection 

DK (Batch No. 518524) used in this study was 

purchased from ‘Kottakkal Arya Vaidya Sala’ 

(Kottakkal, Kerala, India) in the form of decoction.   

 

Estimation of total tannins  

The total tannin content was determined using the 

method of Broadhurst and Jones, 1978 [16]. Different 

concentrations of tannic acid (0.5-2.5ml) were taken in 

test tubes labelled as standard. 0.5ml of DK was taken 

in test tube marked as test and the volume of all the 

tubes were made up to 3ml with methanol. 5 ml of 

HCI- Vanillin regent (equal mixture of 4% HCl in 

methanol and 2% vanillin in methanol) was added to 

all the tubes. Tubes were incubated at 300C in water 

bath for 30 minutes and cooled in room temperature. 

Absorbance was measured at 495 nm against 

methanol blank using a UV-Vis spectrophotometer 

(Shimadzu, UV-1800, Japan). The total tannin content 

was expressed in terms of tannic acid equivalent (mg 

TAE/ml).  

 

Total flavonoid content 

Total flavonoid content was estimated using the 

method of Barros et al. 2010 [17]. 500 μl of DK was 

taken in a test tube and to this added 2ml of deionized 

water and 150 μl of sodium nitrite solution (5% w/v). 

After that, the mixture was incubated for 6 min at 

room temperature. After incubation, 150 μl of 

aluminium nitrate solution (10% w/v) was added and 

allowed to stand for another 6 min. Then added 3 ml 

of NaOH solution (4% w/v) and made up the volume 

to 6ml with deionized water. The reaction mixture was 

kept in dark at room temperature for 15 min.  The 

intensity of the pink colour developed indicated the 

concentration of the flavonoid content in the DK. The 

intensity of the developed pink colour was measured 

at 510 nm using a spectrophotometer. Total flavonoid 

content was calculated with the help of a standard 

curve with catechin and the flavonoid content was 

expressed as mg catechin equivalents (CE)/g.  
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Total phenolic content 

Total Phenolic Content was estimated according to the 

method of Kosar et al. [18]. 50 μl of DK and 2 ml of 

distilled H2O were in a test tube and added 250 μl of 

undiluted Folin-Ciocalteu reagent.  750 μl sodium 

carbonate (Na2CO3, (20% w/v) was added to the 

mixture to neutralise it.  The volume was made up to 5 

ml with deionised H2O. The mixture was incubated 

for two hours in the dark and at room temperature 

with continuous shaking. The absorbance of the 

developed colour was measured at 765 nm in a 

spectrophotometer. The total phenolic contents were 

determined from the linear equation of a standard 

curve prepared using Gallic acid as standard. The 

levels of total phenolic compounds were expressed as 

mg/g gallic acid equivalent (GAE) of DK. 

 

Ferric reducing antioxidant power (FRAP) of DK 

Ferric reducing antioxidant power of DK was assayed 

according to the method of Vijayalakshmi and 

Ruckmani [19]. Different volumes of the DK (10-50µl) 

were taken in different test tubes and the volumes 

were made up to 50µl with distilled water. 2.5ml of 

0.2M sodium phosphate buffer (pH 6.6) and 2.5ml of 

1% potassium ferricyanide [K3Fe(CN)6] solution was 

added to this. Mixed well using a vortex machine and 

incubated for 20min at 50oC which reduced the 

ferricyanide into ferrocyanide. 2.5ml of 10% 

trichloroacetic acid to the mixture to stop the reaction 

and centrifuged at 3,000 rpm for 10min. 2.5ml of the 

supernatant was mixed with equal volume of 

deionized water and 0.5ml of 0.1% ferric chloride. The 

colour intensity was measured at 700nm using a UV-

visible spectrophotometer (Shimadzu, UV-1800, 

Japan). Ascorbic acid (AA) was used as a reference 

standard and the calibration curve was prepared by 

plotting the absorbance against the concentrations of 

FeSO4 used to reduce specific concentrations of AA. 

The reducing powers of the samples were calculated 

using the standard curve of the reference standard and 

expressed as µg/ml. 

 

Scavenging power of DK on DPPH  

The DPPH scavenging activity was measured by the 

method of Blois [20]. Different volumes of DK were 

taken in different test tubes and the difference in 

volume was compensated by adding distilled water. 

Control was prepared without DK, but volume 

compensated by distilled water. To this 1ml of 0.1 mM 

DPPH Solution was added and made up to a final 

volume of 4ml with 95% ethanol. The mixture was 

vigorously shaken and incubated for 30 minutes in the 

dark at room temperature. The colour of the reaction 

mixture changed from purple to yellow causing a 

decrease in absorbance at wavelength 517 nm in 

proportion to the DPPH scavenging power of the DK. 

The reduction in the color intensity of the solution by 

free radicals (DPPH) was measured at 517nm against 

ethanol blank using a spectrophotometer. 

Ascorbic acid concentrations varying between 0-12 

μg/ml (0, 2, 4, 6, 8, 10 and 12) prepared from a stock 

solution containing 100µg ascorbic acid in one ml of 

ethanol were used for making standard curve for 

antioxidant activity assay. 

The capability of DK to reduce DPPH was determined 

by using the following equation and expressed as % of 

inhibition: 

 

% 𝑜𝑓 𝑖𝑛ℎ𝑖𝑏𝑖𝑡𝑖𝑜𝑛 =  
(𝐴𝑏𝑠 𝑜𝑓 𝑐𝑜𝑛𝑡𝑟𝑜𝑙 − 𝐴𝑏𝑠 𝑜𝑓 𝐷𝐾)

𝐴𝑏𝑠 𝑜𝑓 𝑐𝑜𝑛𝑡𝑟𝑜𝑙
𝑥100 

 

Effect of DK in scavenging ABTS radical 

Free radical scavenging activity of DK was determined 

by ABTS cation radical scavenging assay [21]. ABTS·+ 

cation radical was produced by adding 7.4 mM ABTS 

(2, 20-azinobis-(3-ethylbenzothiazoneline-6-sulphonic 

acid) in water with 2.45 mM potassium per sulphate 

(1:1). The mixture was prepared 12-16 h before use 

and stored at room temperature in dark. The solution 

was diluted with 98% of ethanol to obtain an 

absorbance of 0.7 -1.5 at 734 nm. Different volumes 

(10-100 μl) of DK were taken in different test tubes 

containing the above reagent, and mixed thoroughly. 

The difference in volume of DK added was 

compensated by adding 98% ethanol. Kept at room 

temperature for 90 min during which the colour 

change from slightly yellow to an intensely turquoise 

(blue/green) colour with an absorbance at 405 nm. The 

OD of the developed colour was examined at 405 nm 

using a UV–vis spectrophotometer. OD of the reagent 

without adding DK, but 100 μl 98% ethanol was taken 

as the initial absorbance. Likewise, antioxidant 

capacity of trolox was also determined. The capability 

to scavenge the ABTS radical cation was calculated 

using the following equation; 
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%𝐴𝐵𝑇𝑆 𝑟𝑎𝑑𝑖𝑐𝑎𝑙 𝑐𝑎𝑡𝑖𝑜𝑛 𝑠𝑐𝑎𝑣𝑒𝑛𝑔𝑖𝑛𝑔 𝑎𝑏𝑖𝑙𝑖𝑡𝑦

=  
𝐴𝑏1 − 𝐴𝑏2

𝐴𝑏1
𝑥100 

where, Ab1: the absorbance of the control (ABTS 

solution without DK/trolox), and Ab2: the absorbance 

in the presence of DK or trolox.  

 

Reducing power of DK on phosphomolybdenum  

Phosphomolybdenum method of Prieto et al. was 

employed to measure the antioxidant activity of DK 

[22]. Different volumes of DK were taken in different 

test tubes and the volume was made to 100μl using 

distilled water. 1 ml of reagent solution (0.6 M 

sulphuric acid, 28 mM sodium phosphate and 4 mM 

ammonium molybdate) was added to these test tubes. 

The tubes were capped and incubated in a water bath 

at 95°C for 90 min. After cooling to room temperature, 

the absorbance of the mixture was measured at 765 nm 

against a blank. Percent inhibition was calculated by 

using the formula and IC50 was calculated. 

 

% 𝑖𝑛ℎ𝑖𝑏𝑖𝑡𝑖𝑜𝑛 =
1 − 𝑎𝑏𝑠𝑜𝑟𝑏𝑎𝑛𝑐𝑒 𝑜𝑓 𝐷𝐾

𝑎𝑏𝑠𝑜𝑟𝑏𝑎𝑛𝑐𝑒 𝑜𝑓 𝑐𝑜𝑛𝑡𝑟𝑜𝑙
 𝑥 100 

 

Effect of DK on hydroxyl radicals 

The deoxyribose method of Kunchandy and Rao [23] 

was used to assess the hydroxyl radicals scavenging 

activity of DK. The competition between deoxyribose 

and DK for hydroxyl radicals generated from the 

Fe3+/ascorbate/ EDTA/ H2O2 system (Fenton 

reaction) was assessed in this method. The 

hydroxyl radicals attack deoxyribose and form 

thiobarbituric acid reactive substance (TBARS) 

as final product. Various volumes of DK (10- 100 μl) 

was taken in different test tubes and the volumes were 

made up to 100 μl with distilled H2O. 900 μl  of the 

reagent containing deoxy ribose (28mM), FeCl3 

(0.1mM), EDTA (0.1mM), H2O2 (1mM), ascorbic acid 

(0.1mM), KH2PO4-KOH buffer (20mM, pH 7.4) was 

added to each test tube with DK. The mixture was 

incubated for 1hr at 37°C. After incubation 0.5 ml of 

this reaction mixture was added to 1 ml of 2.8% TCA. 

Colour was developed by adding 1 ml of 1% aqueous 

thiobarbituric acid (TBA) and incubating the mixture 

at 90°C for 15 min. The mixture was cooled and the 

absorbance was measured at 532 nm against a blank 

containing all reagents except DK. Mannitol, a 

classical OH. scavenger was used as a positive control. 

Percentage of inhibition was evaluated by comparing 

with the test and blank solutions.  

The ability to scavenge the hydroxyl radical was 

calculated using the equation; 

 

% 𝑜𝑓 𝐻𝑦𝑑𝑟𝑜𝑥𝑦𝑙 𝑟𝑎𝑑𝑖𝑐𝑎𝑙 𝑠𝑐𝑎𝑣𝑒𝑛𝑔𝑖𝑛𝑔 𝑎𝑐𝑡𝑖𝑣𝑖𝑡𝑦

=
1 − 𝐴𝑏𝑠𝑜𝑟𝑝𝑡𝑖𝑜𝑛 𝑜𝑓𝐷𝐾

𝐴𝑏𝑠𝑜𝑟𝑝𝑡𝑖𝑜𝑛 𝑜𝑓 𝑐𝑜𝑛𝑡𝑟𝑜𝑙
 𝑥100  

 

Ability of DK to scavenge hydrogen peroxide 

The ability of DK to scavenge hydrogen peroxide was 

determined by the method of Ruch et al. [24]. Different 

concentrations of DK (10, 20, 40, 60, 80, and 100 μg) 

were taken in test tubes and the volumes were made 

up to 0.4 mL with 50 mM phosphate buffer (pH 7.4). 

0.6 ml of hydrogen peroxide solution (2 mM hydrogen 

peroxide in 50 mM phosphate buffer- pH 7.4) was 

added to each test tube and vortexes. After 10min the 

absorbance of the remaining hydrogen peroxide was 

measured at 230 nm against a blank containing all 

reagents except hydrogen peroxide. 

Hydrogen peroxide scavenging ability was calculated 

by the equation: 

 

𝐻𝑦𝑑𝑟𝑜𝑔𝑒𝑛 𝑝𝑒𝑟𝑜𝑥𝑖𝑑𝑒 𝑠𝑐𝑎𝑣𝑒𝑛𝑔𝑖𝑛𝑔 𝑎𝑐𝑡𝑖𝑣𝑖𝑡𝑦

=
1 − 𝐴𝑏𝑠𝑜𝑟𝑏𝑎𝑛𝑐𝑒 𝑜𝑓 𝐷𝐾

𝐴𝑏𝑠𝑜𝑟𝑏𝑎𝑛𝑐𝑒 𝑜𝑓 𝑐𝑜𝑛𝑡𝑟𝑜𝑙
𝑥100 

 

Nitric oxide scavenging activity of DK 

NO scavenging activity was measured by the method 

of Marcocci et al. [25] with minor modifications. The 

scavenging activity of DK was tested against the nitric 

oxide generated from sodium nitroprusside. Varying 

volumes (10-100 µl) of DK were taken in different test 

tubes and the difference in the volume used was 

compensated by the addition of phosphate buffer. 1ml 

of Sodium nitroprusside (10 mM) in PBS (0.25 M, pH 

7.4) was added to each test tube and incubated at 25ºC 

for 5 h. A mixture containing all reagents except DK, 

but with 100 µl of buffer was used as control. After 5 h 

0.5 ml of Griess reagent (equal volumes of 1% 

sulphanilamide in 20% glacial acetic acid and 0.1% 

(w/v) naphthyl-ethylenediamine dihydrochloride) was 

added. The absorbance of the pink coloured mixture 

was measured at 546 nm. Ascorbic acid was used as 

standard. % NO scavenging activity was determined 

by the equation: 
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% 𝑜𝑓 𝑁𝑂 𝑠𝑐𝑎𝑣𝑒𝑛𝑔𝑖𝑛𝑔 =
(𝐴0 − 𝐴1)

𝐴0
𝑥100 

where, A0 and A1: Absorbance of mixture before and 

after reaction with Griess reagent. 

 

Calculation of IC50 values 

A scatter graph was plotted in excel with 

concentration on X axis and % activity on Y axis. 

Equation for slope (𝑌 = 𝑚𝑥 + 𝐶) was generated from 

the excel software. IC50 value was calculated using 

the equation, where Y=50, M and C values were 

obtained from the equation itself. 

 

Statistical analysis 

Analysis was carried out in triplicate and data are 

represented as Mean ± SD (Standard Deviation) of six 

parallel measurements. Results were analyzed by 

using the SPSS -21 version software for windows. 

Statistical significance was calculated by using one - 

way ANOVA (analysis of variance). Differences with 

p-values equal to or less than 0.05 were considered as 

statically significant. 

 

RESULTS 

Phytochemicals in DK 

Significant levels of tannins, phenolics and flavonoids 

were present in DK. Total tannin content was found to 

be 0.22 ± 0.015 mg TAE/g and total flavonoid content 

of DK was 1.23 ± 0.043mg CE/g. The results also 

showed that DK has high total phenolic content (10.05 

± 0.94 mg GAE/g).  

 

FRAP activity of DK 

Quantitative measurement of the antioxidant potential 

of DK was measured by using FRAP assay. Blue 

coloured Fe+2-tripyridyltriazine was formed from 

colourless Fe+3 by the action of electron donating 

antioxidant (DK). The intensity of the blue colour 

developed was measured by assessing the change in 

absorbance at 593 nm. The FRAP value of 1 ml of DK 

was 36.29 ± 0.90µg/ml. This FRAP value signifies the 

reducing power of DK and the ability to act as an 

efficient antioxidant. 

 

DPPH radical scavenging activity of DK 

DK demonstrated strong percentage inhibition and 

DPPH radical scavenging activity (Figure 1), but not 

as strong as ascorbic acid. IC50 value of DK was 

2.08 ± 0.11 µg/ml which was found to be double of 

ascorbic acid which was 1.03 ± 0.051 µg/ml. The  result  

from  the  antioxidant  assay  showed  that  DK  can  

scavenge  the  radical  to  a  great  extent.  

 

Figure 1. DPPH scavenging activity of Dhanwantaram Kashayam (DK) 

expressed as µg/ml. Concentration was calculated using ascorbic 

acid as reference standard. Values are expressed as mean ± SD of six 

parallel estimations. 

 

ABTS.+ radical scavenging activity of DK 

The capacity of DK to scavenge the ABTS.+ radical 

cation was assessed and the antioxidant capacities 

were expressed by IC50 value which indicated the 

concentration of DK needed to scavenge 50% of 

ABTS.+ radical. As shown in Figure 2, the IC50 value of 

the ABTS• + radical scavenging activity was 

38.46 ± 2.75μg/ml. Comparing these values with 

standard (Trolox IC50 = 66.66 ± 1.51 µg/ml), it is 

obvious that DK is more effective in scavenging the 

ABTS.+ radical cation than trolox.  
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Figure 2. ABTS scavenging activity of DK expressed as µg/ml and 

Concentration was calculated using Trolox as reference standard. 

Values are expressed as mean ± SD of six parallel estimations. 

 

Reduction of phosphomolybdenum by DK  

Antioxidant potency of DK was also assayed by the 

formation of green phosphomolybdenum complex 

which revealed strong effects of DK on reducing 

Molybdenum radical with an IC50 value of 

50.4 ± 2.63μg/ml. 

 

Hydroxyl radical scavenging activity of DK  

Hydroxyl radical is the most reactive among the 

oxygen radicals, which are reported to induce severe 

damage to biomolecules such as DNA, proteins and 

lipids and also causes lipid peroxidation which is the 

root cause of many tissue damages, cancer and cell 

death. Hence removal of this free radical is important 

in protecting life. Hydroxyl radical scavenging assay 

also showed DK as having notable effect. The results 

showed concentration dependent inhibition of DK 

against hydroxyl radical-induced degradation of 

deoxyribose in Figure 3. 

 

Hydrogen peroxide scavenging activity of DK  

Hydrogen peroxide is nonreactive and unstable, but at 

high concentrations it is toxic to living cells. Certain 

cellular metabolic processes change H2O2 into 

hydroxyl radicals; which comes under the harmful 

group free radicals. Effective removal of H2O2 is 

important to maintain cellular health and normal 

functions. Therefore, the H2O2 scavenging effects of 

DK was evaluated and he results are shown in Figure 

4. DK was found to have strong scavenging capacity 

with an IC50 of 57.9 ± 3.15 μg/ml, but was higher than 

standard ascorbic acid which was 35.8 ± 2.76 μg/ml. 

The H2O2 scavenging ability of DK was dose 

dependent which increased with increasing dose.  

 

Figure 3. Hydroxyl radical scavenging activity of DK expressed as 

µg/ml.  Concentration was calculated using ascorbic acid as 

reference standard. Values are expressed as mean ± SD of six rats. 

 

 

Figure 4. Hydrogen peroxide scavenging activity of DK expressed 

as µg/ml.  Concentration was calculated using ascorbic acid as 

reference standard. Values are expressed as mean ± SD of six rats. 

 

Nitric-oxide radical scavenging activity of DK 

Nitric oxide (NO) is a physiologically important 

chemical produced in the body and regulate various 

physiological processes. NO scavenging capacity of 

DK was determined by the decrease in the absorbance 

at 546 nm which was caused by the antioxidants in DK. 

Optical density of NO was changed with increasing 

concentrations of DK.  This OD change was in 

proportion to the amount of nitric oxide scavenged 
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and the same was monitored. Dose-dependent 

increase in nitric-oxide radical scavenging activity was 

observed at all the studied concentrations of DK with 

an EC50 value of 57.25 ± 3.7 μg/ml, exhibited in Figure 

5. The result shows that DK is a potent scavenger of 

NO radicals. 

 

 

Figure 5. Nitric Oxide scavenging activity of DK expressed as µg/ml.  

Concentration was calculated using ascorbic acid as reference 

standard. Values are expressed as mean ± SD of six rats. 

 

 

DISCUSSION 

Phytochemicals are secondary metabolites produced 

by plants which protect plants from diseases. This 

phytochemicals are widely used for the treatment of 

numerous diseases like cancer and diabetes as they 

were found to prevent or delay symptoms of diseases 

due to antioxidant stress [26]. The present study 

determined the concentration of phytochemicals such 

as total tannins, total flavonoid and total phenolics in 

DK. Total tannins content was reasonably high in the 

DK (0.22 ± 0.015 mg TAE/ml). Besides, tannins act as 

potential drugs for the treatment of type II diabetes as 

it have the ability to enhance glucose uptake and 

inhibit adipogenesis [27]. The free radical scavenging 

ability as well as the ability to activate antioxidant 

enzymes of tannins is well reported. Various 

mechanisms including decrease in intestinal 

absorption of glucose [28], reduction in food intake 

[29], induction of β cell regeneration [30], enhancing 

insulin activity [31] are suggested as the  main 

mechanisms behind the hypoglycemic effect of 

tannins. DK is used in Ayurveda to treat diabetes and 

we could suggest the involvement of tannins in this 

beneficial effect as tannin was reported to have anti-

hyperglycemic activity in diabetic rats [32].  

Flavonoids are large family of phytochemical 

compounds that are further divided into several 

subclasses namely anthocyanidins, flavanols, 

flavanones, flavonols and isoflavones [33]. Flavonoids 

are a group of hydroxylated phenolic substances 

known to act as potent free radical scavengers and 

have the ability to chelate metals [34]. In biological 

system it also reduces 𝛼-tocopherol radicals [35], and 

inhibits oxidases [36]. Bahadoran et al. in 2013 

reported reduce risk of diabetes through consumption 

of flavonoids or flavonoid-rich foods [37]. Our present 

study revealed the richness of DK in flavonoids that 

are water-soluble polyphenolic molecules having 

antioxidant, free radical scavenging, and antimicrobial 

activities, [38] and this explain the beneficial effects of 

DK in various disease conditions and as a 

rejuvenating tonic. 

The beneficial role of flavonoids in the positive 

modulation of carbohydrate and lipid metabolism is 

established in vitro animal models and human studies. 

The important role of flavonoids in attenuating 

hyperglycemia, insulin resistance, dyslipidemia, and 

adipose tissue metabolism are well demonstrated in 

these models. Alleviation of oxidative stress and 

stress-sensitive signaling pathways by flavonoids is 

well reported [37,39,40]. The ability of phenolic 

compounds to inhibit the absorption of amylase 

makes it useful in the treatment of diseases affecting 

carbohydrate absorption, such as diabetes [41]. 

Multiple phenolic hydroxyl groups in flavonoids 

makes them strong antioxidants which can effectively 

scavenge the reactive oxygen species [42]. The present 

study revealed the significant concentration of poly 

phenolic compounds in DK which bestow high 

antioxidant ability to DK. Our findings provide a good 

pharmacological logic for the therapeutic efficiency of 

DK in nerve disorders and as a growth stimulant [43].  

High total polyphenol content increases the 

antioxidant activity as there is a linear correlation 

between phenolics content and antioxidant activity 

[44]. Plant derived drugs such as DK having free 

radical scavenging and antioxidant capacity [45] are 

used in many diseases like diabetes, cancer, 

inflammation and cardiovascular disease [46].   

Phytochemicals increase antioxidant enzymes like 

catalase, GPx and GRd, which regulate blood glucose 

level and increase the insulin production in our body 

[47]. Plenty of plants are used in Ayurveda to treat 
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diabetes mellitus and DK is the versatile product of 40 

herbal ingredients. These plants containing natural 

antioxidants especially tannins and flavonoids have 

the ability to maintain pancreatic β-cells performance 

and decrease the glucose level in the blood [48]. 

Flavonoids, tannins, phenolic compounds, and 

alkaloids are the most common herbal active 

ingredients used for treating diabetes [49]. 

FRAP measure the ability of a compound to reduce 

ferric ion (Fe3+) to ferrous (Fe2+) ion and is a unique 

method for assessing antioxidant power [50]. In 

biological system, the reducing activity of an 

antioxidant against the oxidative effects of reactive 

oxygen species can be measured by FRAP assay. In 

this assay the Fe2+ produced is determined by 

measuring the absorbance maximum at 593 nm [50]. 

Increasing absorbance indicates increased production 

of Fe2+ which indicates increase in the reductive ability 

of antioxidants in the DK. AS previously reported; 

most herbal ingredients of DK have strong antioxidant 

activities [13]. In the present study the reducing power 

of DK was estimated to be 36.29 ± 0.90µg/ml and this 

excellent antioxidant power of DK might be one of the 

reasons for the benefits offered by DK.  

DPPH radical scavenging activity is one of the 

commonly used methods for determining the 

antioxidant activity of plant extracts. In the present 

study, the antioxidant activity of the DK extract was 

analyzed by using this method and IC50 value of the 

DK extract was found to be 2.04 ± 0.11µg/ml. The 

addition of various concentration of DK  (1 -15 µg/ml) 

caused the ethanolic solution of DPPH turns from 

deep violet color to light yellow color with increasing 

concentration of DK increasing the colour change. The 

main principle of this assay was reduction of the 

DPPH by antioxidants. Phytochemical analysis of DK 

extract had already shown that DK was rich with 

phenols, flavonoids and tannins. Presence of these 

components may be the reason for the reduction 

DPPH [51], and lower IC50 value of DK. Previous 

studies [38] had suggested that plant extracts or drugs 

that contain flavonoids, and polyphenols donate 

hydrogen atom to free radicals and thereby neutralize 

it.  

The potential of DK to scavenge free radical was also 

assessed by ABTS radical inhibition assay, and DK 

was found to have an IC50 value of 38.46 ± 2.75  μg/ml, 

showing a strong activity. At concentrations higher 

than 80µg/ml, the ABTS scavenging activity of DK did 

not increase proportionately with the concentration. 

Suspecting precipitation of DK at higher concentration, 

the mixture was centrifuged at 5000rpm which 

resulted in a thin film of brown substance sedimenting 

at the bottom of the test tube. Oversaturation might 

have resulted in the precipitation of part of the DK 

which made it unavailable for scavenging ABTS.  The 

antioxidant activities measured by ABTS or DPPH 

assay could be correlated to the concentration and 

chemical structures of the antioxidants present [52]. 

DK was found to have a reasonably good 

concentration of Total tannins, a high molecular 

weight phenolic compound. They are found to have 

high ability to quench free radicals [53]. 

Phytochemical components of DK justify the good 

ABTS scavenging activity of DK.  

Antioxidant activity of materials could possibly be 

attributed to numerous mechanisms and binding of 

transition metal ion catalyst is one of these 

mechanisms. Molybdenum is a transition metal and 

the phosphomolybdate assay is another routine test 

used to evaluate the total antioxidant capacity [54]. We 

observed an IC50 value of 50.4 ± 2.63 μg/ml which is 

indicative of significant antioxidant power of the drug. 

The strong antioxidant activity of DK revealed by this 

assay might be due to the presence of phenolics 

compounds present [55].  

The results of this study also revealed the strong 

scavenging activity of DK on hydroxyl radical, 

hydrogen peroxide and nitric oxide which might have 

resulted by the presence of bioactive flavonoids. H2O2 

is not very reactive, but is important to the body due 

to its ability to penetrate into biological membranes. 

Its decomposition may produce hydroxyl radicals 

(OH•) [56] which can initiate lipid peroxidation and 

cause damage to cell membrane and DNA. The results 

of this study showed that the DK had potent H2O2 

scavenging activity.  Scavenging of H2O2 by DK could 

be attributed to the richness of DK in antioxidant 

compounds. The antioxidant components of DK could 

donate electron and may thus neutralize H2O2 to water. 

The DK was found to scavenge the H2O2 radicals with 

an excellent inhibition percentage and its ability was 

comparable to ascorbic acid and has 61% ability in 

comparison to ascorbic acid. 

Hydroxyl radicals, an active oxygen species cause 

lipid peroxidation and are responsible for different 

damages in the body. DK was able to scavenge the 

hydroxyl radicals and the low IC50 value indicates 

high hydroxyl radical scavenging activity of DK. We 

have already reported the ability of DK to suppress 

http://www.bsmiab.org/jabet


103 

 

www.bsmiab.org/jabet 

 

Renganathan and Pillai, J Adv Biotechnol Exp Ther. 2021 Jan; 4(1): 95-105 

lipid peroxidation in diabetic rats [57] and the 

hydroxyl radical scavenging ability of DK revealed in 

this study provides a possible explanation to the 

reduction in lipid peroxidation in DK fed rats. NO is 

very reactive and alter the structure and function of 

cellular components. In this assay linear time-

dependent nitrite production occurs from sodium 

nitroprusside and got reduced by the antioxidants in 

DK. Antioxidant principles in the DK compete with 

oxygen and react with nitric oxide which inhibit the 

generation of nitrite. DK is rich in flavonoids and 

phenolic compounds and their nitric oxide scavenging 

activity are well reported [58].  

In the DPPH, ABTS+ and phosphomolybdenum assay 

methods, hydrogen and electron transfer occur from 

antioxidants to DPPH−, ABTS+ and Mo (VI) complex, 

but in these methods the transfers occur at different 

redox potentials and also depend on the structure of 

the antioxidant. This difference can be used to identify 

the presence of different antioxidants to some extent. 

DPPH− and ABTS+ scavenging assays detect 

antioxidants such as flavonoids and polyphenols, 

whereas the phosphomolybdenum method usually 

detects antioxidants such as ascorbic acid, some 

phenolics, a-tocopherol, and carotenoids [55]. DK 

answered all these assays and is an indication of the 

presence of different antioxidants which establish its 

strong antioxidant activity.  

 

CONCLUSION 

Present study revealed the richness of DK with total 

tannins, total flavonoids and total phenolic content. 

DK is also found to have strong antioxidant and free 

radical scavenging activity. The strong antioxidant 

and free radical scavenging activity of DK suggested 

by the presence of these phytochemicals may be the 

reason for its beneficial impact in biological system as 

reported in Ayurvedic system of medicine. 
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