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ABSTRACT
Introduction: The superoxide radical (O2-), hydroxyl radical (OH) are generated in physiochemical  
pathways. All biological systems have innate antioxidant defence mechanisms but these 
mechanisms can be inefficient due to poor diet intake, pollution, stress and chemicals etc. 
Therefore, it is imperative to consume antioxidants to shield cells from destruction by free  
radicals. Shilajatu is such a drugs of prime importance that has been advocated in the  
management of various ailments ranging from Diabetes to Immunomodulation and Antioxidant.  
Materials and Methods: The antioxidant potential of Shuddha Shilajatu along with impact  
of geography and processing media on it, was determined by using DPPH i.e. 1,1-diphenyl-
2-picrylhydrazyl Free Radical Scavenging Assay. Test was performed at the wavelength of 517 nm 
using 1 cm optical path cuvette at room temperature. The ultraviolet spectrum of Shuddha  
Shilajatu and Ascorbic acid was performed by UV-Vis spectrophotometer at different concen-
trations. The experiment was carried out in triplicate. The result was compared with ascorbic 
acid as it was taken as standard control under the same conditions. The sample concentration 
at which initial absorbance of DPPH solution get lowered by 50% has been considered as the  
endpoint for evaluating the antioxidant potential. Results: It has been found that Shilajatu  
samples processed in Triphala kwatha have shown better antioxidant profile than water processed  
samples. Moreover, sample procured from Amritsar showed much better antioxidant activity 
in comparison to Shilajatu sample procured from Nepal. Conclusion: Processing media and 
geography significantly modulate the effect and activities of Shilajatu.
Key words: Antioxidants, DPPH, Free radicals, Oxidative stress, Shilajatu.
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INTRODUCTION
Free radicals are ineluctably generated in biological 
systems as well as from exogenous sources. They are  
responsible to trigger off numerous degenerative  
disorders like mutations, cancer, cardiovascular diseases 
and ageing.1 A free radical is an unstable molecule 
that possesses an unpaired electron. This radical can  
become stable either by donating or accepting electron  
with biological molecules like lipids, proteins and  
DNA in the cells and leads to protein and DNA  
damage.2 Oxidative stress plays an important role in 
many diseases. The production of oxidative stress  
can be controlled by the antioxidant systems in living  
organisms. The oxygen radicals, such as superoxide  
radical (O2-), hydroxyl radical (OH) and non free 
radical species, such as singlet oxygen (O2) and 
hydrogen peroxide (H2O2), are generated in many 
redox processes of normal physiochemical path 
ways.3,4 These reactive oxygen species (ROS) along 
with oxidative stress leads to the various degenerative 
diseases.5-7 Therefore, antioxidants can be utilized to 
reverse the harmful and pathological action of free 
radicals. These antioxidants generally restore the 
normal physiological system by scavenging the free 
radicals.

Biological systems have their own intrinsic antioxi-
dant defence mechanisms that eliminate damaged or 
injured molecules, but these protective mechanisms 
can be less effective due to poor diet intake, pollution, 
stress and chemicals etc. Therefore, it is essential to  
consume antioxidants to shield cells from destruction  
by free radicals. The antioxidants in use are either  
derived naturally from plants or synthetically.  
Synthetic antioxidants are not the preferred type of 
anti oxidants due to their higher probability of being 
carcinogenic.8 Therefore, latest researches in the field  
of free radical biology accentuate the use of anti-
oxidants from natural origin and in view of this more 
and more antioxidants derived from natural origin or 
sources are being investigated.
Shilajatu is a blackish brown exudation found in  
the rocks at altitudes of 1000 to 5000 meters in 
Uttarakhand, Himachal Pradesh, Nepal, Pakistan, 
Afghanistan, Tajakistan, Russia etc.9 It is included 
in drugs of prime importance in Ayurveda and also 
in other traditional system of medicine. It has been 
advocated indigenously for treating various ailments 
ranging from Diabetes, Cardiac disorders etc. to 
Immunomodulation i.e. Rasayana Karma.10
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In view of all these facts and need, the present study has been planned 
to evaluate antioxidant activity of Shuddha Shilajatu along with impact  
of geography and processing media on it, using 1,1-diphenyl-2-picrylhy-
drazyl (DPPH) Free Radical Scavenging Assay. The DPPH free radical is 
stable and has been widely approved as a tool for evaluating free radical-
scavenging capacity of antioxidants.11,12

MATERIALS AND METHODS 
Apparatus and Materials required
UV-1800, UV Vis. Spectrophotometer (Shimadzu, Japan), 1,1-di-phenyl-2-  
picryhydrazyl (DPPH, Sigma-Aldrich Co., Ltd., U.S) Shuddha Shilajatu  
of Nepal and Amritsar processed in Triphala kwatha and Water  
separately, Ascorbic acid standard (Sigma-Aldrich Co. Ltd., U.S, 
Purity>98%), Absolute Ethanol, Distilled water, Vortex, Analytical bal-
ance, Micro pipette, Culture tubes/Test tubes with cap, Test tube stand, 
Glass stirrer, Funnel, Conical flasks with stopper, Volumetric flasks.

Samples
Ashuddha Shilajatu samples were collected from Amritsar (supplied 
from Pakistan) and Nepal in the month of May, 2019. All samples were 
processed in Triphala Kwatha [Decoction of Phyllanthus emblica Linn., 
Terminalia chebula Retz. and Terminalia bellirica (Gaertn.) Roxb.] and 
Water as per the method mentioned in classical texts of Ayurveda13 
and designated as ASW (Amritsar Shilajatu processed in Water), NSW 
(Nepal Shilajatu processed in Water), AST (Amritsar Shilajatu processed 
in Triphala kwatha) and NST (Nepal Shilajatu processed in Triphala 
kwatha)

Preparation of DPPH solution
DPPH (3.94 mg) was weighed on a chemical balance with a minimum 
weighing limit of 10 μg or smaller. Thereafter, it was dissolved in 99.5% 
ethanol to obtain a constant volume by filling 50 ml of a measuring flask 
or a measuring cylinder with a stopper (0.1 mM DPPH). It has been 
experimentally observed that the DPPH solution absorbance decreases  
with time up to approximately 1 hr post preparation. Thereby, the  
solution was peserved in the dark for 2 hrs until the stabilization of 
absorbance. 

Preparation of Blank sample solution
Blank sample was prepared by adding distilled water (1 ml) to the 1 ml of 
above DPPH solution and mixed well with the help of vortex. 

Preparation of Standard sample solution 
100 mg of Ascorbic acid was dissolved in 100 ml distilled water to  
prepare stock solution. Final standard solution was prepared by taking  
2 ml of stock solution and volume makeup was done to 5 ml. This solution  
of ascorbic acid added to the 1 ml DPPH solution (volume makeup to 
2ml with distilled water) at various concentrations.

Preparation of test drug sample solution
Aqueous solution of Shuddha Shilajatu was added to 1 ml of DPPH  
solution (volume makeup to 2 ml with distilled water) at various  
concentrations. 

DPPH assay procedure 
Free radical scavenging potential of the Shilajatu extracts were tested 
by Blois14 method of free radical scavenging assay using 1,1-diphenyl-
2-picrylhydrazyl (DPPH). The reaction mixtures of all samples were 
thoroughly vortexed and kept in dark for 30 min.15 Test was performed 
at the wavelength of 517 nm using 1 cm optical path cuvette at room  
temperature. The ultraviolet spectrum of Shuddha Shilajatu and  

Ascorbic acid was performed by UV-Vis spectrophotometer  
(SHIMADZU, UV-1800) at different concentrations. The experiment 
was carried out in triplicate. The hydrogen atom donating capaability of 
the Shuddha Shilajatu extracts were evaluated by the decolourization of 
ethanol solution of DPPH. It produces violet/ purple colour in ethanol 
solution and diminishes to tints of yellow colour when there is presence 
of antioxidants. The result was compared with ascorbic acid as it was  
taken as standard control under the same conditions. The sample  
concentration that can reduce the initial absorbance of solution of 
DPPH by 50% has been considered as the endpoint for determining the  
antioxidant activity.

Determination of Radical Scavenging Activity 
Percentage 

% DPPH Free radical scavenging activity = (A0 − A1) /A0 × 100

Where, A0 denotes absorbance of the control/blank, and A1 signifies the 
absorbance of the extractives/standard. Then percentage of inhibition 
was plotted with respect to the concentration. The IC50 was calculated 
with the help of graph. 

IC50 Calculation
Log dose inhibition curve was used to calculate the IC50 value of the  
sample i.e. concentration of sample needed to inhibit 50% of the DPPH 
free radical. Lower absorbance for the reaction mixture signifies higher 
free radical activity.16

RESULTS
The DPPH scavenging essay revealed potent antioxidant effect of  
Shuddha Shilajatu on free radicals. The percentage of antioxidant activity 
of Shilajatu samples processed in water and Triphala kwatha at different  
sample volume are depicted in Tables 1 and 2. Antioxidant activity  
percentage of ascorbic acid has been presented in Table 3. Comparative 
IC50 value of samples of Shilajatu processed in water and Triphala kwatha  
is calculated by plotting the graph (Figure 1 and 2) between DPPH  
inhibitory activity percentage and volume of sample taken. IC50 of ascorbic  
acid has been calculated through Figure 3. IC50 Calculation of various 
samples of Shuddha Shilajatu has been done as follows:

IC50 Calculation for Amritsar Shilajatu processed in Water 
(ASW)

y = 0.0237x + 35.212

Here Y = 50 (as we have to calculate 50% DPPH activity).
IC50 value of ASW= 623.97 μg/ml

IC50 Calculation for Amritsar Shilajatu processed in 
Triphala kwatha (AST)

y = 0.5999x + 11.031

Here Y = 50 (as we have to calculate 50% DPPH activity).
IC50 value of AST= 64.96 μg/ml

IC50 Calculation for Nepal Shilajatu processed in Water 
(NSW)

y = 0.0143x+9.2157

Here Y = 50 (as we have to calculate 50% DPPH activity).
IC50 value of NSW= 2852.05 μg/ml
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IC50 Calculation for Nepal Shilajatu processed in Triphala 
kwatha (NST)

y = 0.6342x + 5.3583

Here Y = 50 (as we have to calculate 50% DPPH activity).
IC50 value of NST= 70.39 μg/ml

IC50 Calculation for Ascorbic Acid

y = 6.2262x – 2.3002

Here Y = 50 (as we have to calculate 50% DPPH activity).
IC50 value of NST= 8.40 μg/ml

DISCUSSION
In general “free radical scavenging activators” are known as “Antioxidant” 
that neutralizes free radicals being generated in the body and prevent  

Figure 1: DPPH Inhibitory percentage of ASW & NSW at different  
concentrations.

Figure 2: DPPH Inhibitory percentage of AST & NST at different  
concentrations.

Figure 3: DPPH Inhibitory percentage of Ascorbic acid at different  
concentrations.

Table 1: DPPH scavenging activity of Amritsar and Nepal Shilajatu processed in Water.

Sample ID ASW1 ASW2 ASW3 ASW4 ASW5 ASW6 NSW1 NSW2 NSW3 NSW4 NSW5 NSW6 NSW7 NSW8 NSW9

DPPH Solution (ml) 1 ml 1 ml 1 ml 1 ml 1 ml 1 ml 1 ml 1 ml 1 ml 1 ml 1 ml 1 ml 1 ml 1 ml 1 ml

Volume of sample (μl) 10 20 40 60 80 100 20 40 60 80 100 120 140 160 180

Amount of sample (μg) 192 384 768 1152 1536 1920 432 864 1296 1728 2160 2592 3024 3456 3888

Optical density (O.D) 0.7559 0.6785 0.5621 0.4358 0.3499 0.2515 1.0202 0.9642 0.9039 0.8051 0.7445 0.6625 0.5615 0.5012 0.4426

DPPH activity (%) 38.24 44.57 54.08 64.40 71.41 79.45 16.65 21.23 26.15 34.22 39.17 45.87 54.13 59.05 63.84

ASW Concentration: 19 μg/ml, NSW Concentration: 21.6 μg/ml; Note: Final volume makeup to 2 ml with distilled water.

Table 2: DPPH scavenging activity of Amritsar and Nepal Shilajatu processed in Triphala kwatha

Sample ID AST1 AST2 AST3 AST4 AST5 AST6 NST1 NST2 NST3 NST4 NST5 NST6

DPPH Solution (ml) 1 ml 1 ml 1 ml 1 ml 1 ml 1 ml 1 ml 1 ml 1 ml 1 ml 1 ml 1 ml

Volume of sample (μl) 60 80 110 150 200 240 60 80 110 150 200 240

Amount of sample (μg) 28.32 37.76 51.92 70.80 94.40 113.28 26.1864 34.9152 48.0084 65.466 87.288 104.7456

Optical density (O.D) 0.9362 0.7790 0.6849 0.5506 0.3941 0.2777 0.9758 0.8712 0.7829 0.6389 0.4876 0.3484

DPPH activity (%) 23.51 36.35 44.04 55.01 67.80 77.31 20.28 28.82 36.04 47.80 60.16 71.54

AST Concentration: 0.472 μg/ml, NST Concentration: 0.436 μg/ml; Note: Final volume makeup to 2 ml with distilled water.
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damage to the cell proteins, lipids and carbohydrates.17 Harmful free  
radicals play a crucial part in immune system dysfunction, which is 
responsible for various diseases like cancer, cardiovascular diseases,  
arthritis, ulcerative colitis, asthma and allergy etc.18,19 To eliminate  
generated damaged molecules, all biological systems consists integrated 
antioxidant defence mechanisms, but sometimes these mechanisms fell 
short to combat free radicals due to poor diet intake, pollution, stress  
and chemicals etc. Therefore, consumption of antioxidants is vital to  
protect cells from free radical damage. Their effect on systems biology 
may be exerted by different mechanisms like donating electron, metal ion 
chelation, co-antioxidants and by gene expression regulation.20 Several  
methods have been propounded for evaluating the anti-oxidative activity,  
such as 1,1-diphenyl-2-picryl hydrazyl (DPPH) method, 2,2’-azino-
bis- (3-ethylbenzo thiazolin-6-sulfonic acid), diammonium salt (ABTS) 
method, Ferric Reducing Antioxidant Power (FRAP) method and so 
on.21-24

The adopted model in the study has been used due to 
following rationale:
• It is considered a valid accurate, easy and economic method to  

evaluate free radical scavenging activity of antioxidants.
• It is easy to perform and applies to evaluate the overall antioxidant 

capacity.25 
• It has been efficiently and effectively used to investigatae antioxidant 

properties of variety of samples like wheat grain, vegetables, herbs 
etc. and can be performed using various solvent media including 
ethanol, aqueous, acetone, methanol, alcohol and benzene.26,27

 

An antioxidant is a stable enough molecule which can donate an electron  
to a free radical and stabilize or neutralize it, thus diminishing its potential  
to damage. These antioxidants by the virtue of their free radical scav-
enging property decelerate or inhibit cellular damage.28 In the present 
study, Shuddha shilajatu (processed in water and Triphala kwatha) have 
exhibited significant DPPH Scavenging activity by the virtue of donating  
a electron or hydrogen atom to the respective hydrazine29 of DPPH.  
Further, electron of nitrogen atom in DPPH got reduced and resulted in 
the reduced form with the loss of initial violet colour to yellow colour. 
Shilajatu sample procured from Amritsar and processed in water showed 
much better antioxidant activity (IC50 = 623.97 μg/ml) in comparison to  
Shilajatu sample procured from Nepal and processed in water (IC50 = 
2852.05 μg/ml). Similarly, Shilajatu sample procured from Amritsar and 
processed in Triphala kwatha showed slightly better antioxidant activity 
(IC50 = 64.96 μg/ml) in comparison to Shilajatu sample procured from 
Nepal and processed in Triphala Kwatha (7 IC50 = 0.39 μg/ml). These 
finding proffers strong evidence pertaining to effect of geography on the 
properties of Shilajatu. This is probably because of variation in quantum 
of various metals, minerals and herbal compound present in flora of a 
particular geographical region.
Present study revealed that processing media significantly modulate the 
effect and activities of Shilajatu as samples processed in Triphala kwatha 

have shown better antioxidant profile (IC50 = 64.96 and 70.39 μg/ml)  
than water processed sample of Shilajatu (IC50 = 623.97 and 2852.05 μg/ml).  
It is owing to the fact that Triphala is well reported and known for its 
antioxidant activitie.30 Therefore, findings provide evidence to the fact 
that Shuddha Shilajatu has properties of a potent antioxidant.

Other anticipated pathways contributing to Antioxidant 
properties of Shilajatu
• Studies have reported that Shilajatu significantly increases the SOD 

(Superoxide dismutases) and Catalase activity.31 SODs are a group 
of metalloenzymes that are found in all kingdoms of life. SODs act 
as the front line of defence against ROS mediated injury. It acts as 
a good therapeutic agent against reactive oxygen species-mediated 
diseases.32 Catalase  is an enzyme  found in animals, plants and 
bacteria. It  catalyzes  the decomposition of  hydrogen peroxide  is 
decomposed to to  water  and  oxygen by its catalysing action.33 It 
protects the cell from  oxidative damage  caused by  ROS. Millions 
of hydrogen peroxide molecules can be disintrgrated to water and 
oxygen by just one molecule of catalase each second.34

• Shilajatu can potentially control oxidative stress, by reducing the 
Malondialdehyde (MDA) levels in body.35,36 MDA is an endogenous 
genotoxic product of enzymatic and oxygen radical-induced lipid 
peroxidation.37 It contributes significantly in DNA damage and 
mutation which is produced endogenously through prostaglandin 
biosynthesis and lipid peroxidation.38

CONCLUSION
On account of the outcomes of present study, it can be inferred that 
Shuddha Shilajatu is a cogent antioxidant and can be useful in preventing  
the oxidative stress in the body. Free radicals and oxidative stress are 
reported to be one among the major causes of various diseases like  
Diabetes, premature ageing, Alzheimer’s disease, neuro-degenerative 
disorders etc. Thereby, Shuddha Shilajatu may prove beneficial and 
effective in the treatment of numerous disorders. Furthermore, impact 
of geographical distribution and processing media is also observed to 
be significant. Shilajatu procured from Amritsar exhibited better anti-
oxidant activity than sample procured from Nepal. In parallel, Shilajatu 
processed in Triphala kwatha has shown superior antioxidant properties  
over sample processed in water. In nutshell, Shuddha Shilajatu is a  
powerful antioxidant and processing media can be selected appertaining 
to nature of disease and purpose.
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Table 3: DPPH scavenging activity of Ascorbic Acid

Sample ID A1 A2 A3 A4 A5 A6

DPPH Solution (ml) 1 ml 1 ml 1 ml 1 ml 1 ml 1 ml

Volume of sample (μl) 05 10 15 20 25 30

Amount of sample (μg) 02 04 06 08 10 12

Optical density (O.D) 1.0017 0.8690 0.7499 0.6005 0.4358 0.3100

DPPH activity (%) 11.0390 22.8241 33.4014 46.6696 61.2966 72.4689

Ascorbic acid concentration: 0.4 μg/ml; Note: Final volume makeup to 2 ml with distilled water.
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ABBREVIATIONS

ABTS: 2,2’-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid); AST: 
Amritsar Shilajatu processed in Triphala kwatha; ASW: Amritsar Shilajatu 
processed in Water; DNA: Deoxyribonucleic acid; DPPH: 1,1-diphenyl-
2-picrylhydrazyl; FRAP: Ferric Reducing Antioxidant Power; H2O2: 
Hydroxyl radical; IC50:  Half maximal Inhibitory Concentration; MDA: 
Malondialdehyde; NST: Nepal Shilajatu processed in Triphala kwatha, 
NSW: Nepal Shilajatu processed in Water; O2-: Superoxide radical; OH: 
Hydrogen Peroxide; ROS: Reactive Oxygen Species; SOD: Superoxide 
dismutases.
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