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INTRODUCTION

Cytokines are small-secreted proteins referred inconsistently 
as interleukins, growth factors or chemokines. Physiologi-
cally, they activate the inflammatory mechanisms and help 
repair damaged tissue. During the inflammatory process, a 
sudden release of cytokines (cytokine storm) occurs via a 
cascade of activation process.1,2 The uncontrolled expres-
sion of these macrophage-derived cytokines (inflammatory 
mediators) tumour necrosis factor (TNF), interleukins (IL-1, 
IL-6, IL-8), colony-stimulating factors (CSFs) and growth 
factors govern the pro-inflammatory signalling pathways in 
the pathogenesis of rheumatoid arthritis (RA).2,3 The acti-
vated macrophages produce TNF-α in the inflamed synovial 

membrane tissue. This is having the capacity of induction 
and production of other pro-inflammatory cytokines, includ-
ing Interleukin-1 beta (IL-1β) and IL-6. Combined facilita-
tion of signalling pathways and cytokines, in turn, release 
chemokines that attract leukocytes to the inflamed site from 
the blood. The induction of proteolytic and metalloprotein-
ase enzymes further results in the destruction of the underly-
ing articular cartilage and bone tissue.4-10

The mainstay of the treatment of RA is to control these pro-
inflammatory mediators. At therapeutics of Disease-Modify-
ing Antirheumatic Drugs (DMARDs) such as Sulfasalazine, 
Methotrexate, Leflunomide, Nonsteroidal Anti-Inflamma-
tory Drugs (NSAIDs) and biologics such as Infliximab, 
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ABSTRACT
Introduction: Withania somnifera Dunal (Ashwagandha) root is recognized as one of the medicinally important herbs for its anti-
inflammatory properties.  Comparative study on both the parts i.e. aerial and root has not been studied yet from the perspectives 
of its anti-inflammatory activities. 
Objective: The present study aimed to evaluate the comparative anti-inflammatory activity of standardized methanolic and 
hydro-methanolic extract of both the roots and the aerial part of the plant in in-vitro models of TNF-α, Interleukin-1 beta and IL-6. 
Methods: Hydroalcoholic and methanolic extracts of Withania somnifera aerial part and root part were prepared. Respective as-
says were performed to estimate the cytokines by using Elisa Kit and absorbance was noted in the Multimode Microplate reader. 
Results: Both the methanolic and hydroalcoholic extracts from the aerial part was found to have more potential compared to 
that of roots in inhibiting the TNF –alpha cytokines and Interleukin 6 inhibition assay. Root Hydroalcoholic extract was better than 
aerial methanolic extract. In the interleukin beta inhibition assay, both root extracts were better than aerial extract. 
Conclusion: Both root and aerial parts of Withania somnifera possess anti-inflammatory properties. The aerial part has shown 
a promising activity vis-à-vis the roots. Therefore, this can be an alternative renewable resource as raw material for preparing 
medicines for arthritis. 
Key Words: Ashwagandha, Inflammation, Interleukin, TNF alpha, Withania somnifera
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Adalimumab (TNF –blocker), Anakinra (IL-1 blocker), To-
cilizumab (IL-6 blocker) are been looked upon for the man-
agement.4,11

The drug regimen offers efficient management, however, 
the chance of suboptimal control, the inability to complete 
remission and emerging adverse effects in long-term usage 
often lead to a search for more alternatives.12-16 The need-
gap analysis and increasing popularity of plant or herb-based 
medicine often push for innovations and research which lead 
to the discovery of many new phytomedicines or enriched 
extracts or drugs.17 Many plants and formulations are report-
ed to have anti-inflammatory and analgesic properties.18-20

Withania somnifera Dunal (Ashwagandha) or Indian ginseng 
has been recognized as one of the medicinally important her-
bs having anti-inflammatory and Rasayana (adaptogen and 
rejuvenator) properties. Among the other phytoconstituents, 
the biologically active steroidal lactones Withaferin A and 
Withanolides were reported to have anti-inflammatory and 
immunomodulatory properties contributing to their use in 
painful arthritic conditions.21 Roots are researched for their 
potent inhibitory effect on inflammatory markers and used in 
traditional system of medicine.21-23 The aerial part especially 
the leaves of the plant are also studied for its role as anti-
cancer, antimicrobial, diabetes etc. However, a comparative 
study on both parts especially the commercially viable ex-
tracts are not been studied in the anti-inflammatory perspec-
tives. Therefore, the present study was conducted to evaluate 
the comparative anti-inflammatory activity of standardized 
methanolic and hydro-methanolic extract of both the roots 
and the aerial part of the plant in in-vitro models of TNF-α, 
Interleukin-1 beta (IL-1β) and IL-6.

MATERIALS AND METHODS

Plant Material
Withania somnifera raw material of aerial part Lot 
No.:ASHW/PLPLR30/NOV19 and Aswagandha aerial 
part hydroalcoholic extract 5%, Lot No: ASHW/PLPL30/
NOV were procured from Phyto Life sciences Pvt Ltd, 
Ahmedabad, Gujarat. The root powder was obtained from 
Emami Ltd, Research and Development Centre, Kolkata. 
Both the raw material of aerial and root were further used to 
get the methanolic and hydroalcoholic extracts in the phyto-
chemistry laboratory of Emami Research and Development 
Centre. 

Chemical and Reagents, Kits, Drugs and Cell 
line
Reagents and Kits: The TNF alpha Human ELISA Kit (Ab-
cam; Cat. No. ab100654), ab46052 IL-1 beta Human ELISA 
Kit and ab46042 IL-6 (Interleukin-6) High Sensitivity Hu-

man ELISA Kit of Abcam. Drugs: The Anti-arthritic drugs 
were purchased from the local pharmacist - Methotrex-
ate 25 mg (Folitrax) Batch No. At 071110, Sulfasalazine 
(Saaz) Batch No. ECL079007AS marketed by IPCA Labo-
ratories Ltd, Mumbai and Diclofenac (Voveran 50) Batch 
No. 195009MB of Novartis India Ltd were also used. Cell 
culture mediums and Solutions: Dulbecco’s Modified Ea-
gle’s medium (DMEM), Fetal Bovine Serum (FBS) & 1% 
Antibiotic/anti-mitotic solution. MTT (3-(4, 5-dimethylth-
iazolyl-2)-2,5-diphenyltetrazolium bromide) reagent (Hi-
Media). Dulbecco’s phosphate-buffered saline (DPBS - Hi-
Media). Dimethyl sulfoxide (DMSO). All the chemical and 
drugs are procured from Local vendor. Cell line: MG 62 and 
Hep was procured from National Centre for Cell Science, 
Pune, India.

Preparation of W somnifera extracts 
Alcoholic and hydroalcoholic extracts of roots and leaf 
part of Withania somnifera were evaporated using a rotary 
vacuum evaporator, whereas aqueous extracts were dried 
by lyophilization. HPTLC (high-performance thin-layer 
chromatography) qualitative studies showed that the aque-
ous-methanolic extracts of both plant parts contain higher 
amounts of withanolides than all other extracts concerning 
withaferin A and withanolide A. Accurately weighed 1.0 g of 
leaf and root powder was soaked separately in 50 ml conical 
flask with 20 ml of 50% aq-methanol. Both the samples were 
sonicated at 60 C for 30 minutes and samples were filtered.  

For preparing the reference standard solution, 10.0 mg of 
withaferin A and withanolide A were dissolved with meth-
anol in 5 ml volumetric flasks which were further made 
10-fold dilution. Silica gel aluminium sheet plate 60 F254 
(Germany) was used to perform the chromatographic esti-
mation. Linear ascending development was carried out in a 
twin-trough glass chamber (CAMAG) equilibrated with the 
mobile phase. The length of the chromatogram run was 6.0 
cm. Concentrations of the compound were determined from 
the intensity of absorbance. The evaluation was made via 
peak areas versus withanolides amount in linear regression. 
The withanolides present in the extracts were identified by 
comparing the HPTLC spectrum of the standards

Cell Line and Culture Condition
The monolayer of the cells was maintained at sub-confluent 
conditions in growth media containing DMEM with 0.045 
g/ml glucose, 1mM sodium pyruvate, L-glutamine, 1.5 g/L 
sodium bicarbonate, 100 U/ml penicillin, 100 μg/ml strepto-
mycin, and 10% fetal bovine serum (FBS). Cells were main-
tained in a humidified incubator with ambient oxygen and 
5% CO2 at 37°C. Cells from passages 3–15 were used in the 
experiment, and cells were not allowed to grow to more than 
60%–70% confluence.
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Prepare the cell culture
100 μl of differentiated cell suspension (1 × 106 cells/ml) 
were seeded in a 96-well culture plate with 100 μl of DMEM 
– differentiated cell culture medium. The cells were incu-
bated in an FBS-free medium for 4 to 18 hr before the ex-
amination.

Effect of test samples on cell viability and pro-
liferation: MTT assay24

Measurement of cell viability and proliferation forms the 
basis for numerous in vitro assays of a cell population’s 
response to external factors. The yellow tetrazolium MTT 
is reduced by metabolically active cells, in part by the 
action of dehydrogenase enzymes, to generate reducing 
equivalents such as NADH (nicotinamide adenine dinu-
cleotide hydrogen) and NADPH (nicotinamide adenine 
dinucleotide phosphate hydrogen). This reduction takes 
place only when mitochondrial reductase enzymes are ac-
tive, and therefore conversion can be directly related to 
the number of viable (living) cells.  Sample extracts were 
prepared in the concentration of 100 to 1000 µg/ml. MTT 
reagent was prepared aseptically by adding 6 ml of cell-
based assay buffer (DPBS) in a vial containing 30 mg of 
MTT reagent and dissolved completely by vigorous vor-
texing. 

Assay Procedure
The wells for control, samples and blank were designated 
in 96 well plates. The culture medium from each well was 
removed and washed the cells twice with DPBS. The test 
samples were added to the 96 well plate containing cells and 
incubated in a 5% CO2 incubator at 37°C for 18-20 hrs. (The 
volume of the test sample solution is 100 μl). After the incu-
bation period, the plates from the incubator were removed 
and 10 µl of MTT reagent (5 mg/ml) were added to all the 
wells except blank wells. The culture plates were wrapped 
with aluminium foil to avoid exposure to light.  The plates 
were returned to the CO2 incubator and incubated for 3 to 4 
hours. The culture medium was carefully removed from each 
well after the process of incubation was over and 100 µl of 
DMSO were added to each well to solubilize the Formazan 
crystals.  Absorbance was noted on Multimode Microplate 
reader: SpectraMax i3X [Molecular Devices] at 570nm. The 
average 570 nm absorbance values of the control wells were 
subtracted from the average 570 nm absorbance values of 
corresponding experimental wells.

For optimization of the process, the cell suspension was seri-
ally diluted from 1 × 106 to 1 × 103 cells/ml using the appro-
priate culture medium. 100 µl of each dilution were seeded 
in a 96-well plate and a curve of absorbance against cell den-
sity was plotted. The optimal number of viable cells after 
treatment with samples are measured from the linear graph.

Estimation of Cytokines – TNF-α
TNF alpha Human ELISA (Enzyme-Linked Immunosorbent 
Assay) kit is an in vitro enzyme-linked immunosorbent assay 
for the quantitative measurement of Human TNF alpha in 
serum, plasma and cell culture supernatants. This assay em-
ploys an antibody specific for Human TNF alpha coated on 
a 96-well plate. All reagents, samples and standards are pre-
pared as per the instructions on the manual of the kit. Stand-
ards and samples 100 μL each are pipetted into the wells and 
TNF alpha present in a sample is bound to the wells by the 
immobilized antibody. At each well, the following sequence 
is followed with incubation at room temperature in between 
after each addition. The wells are washed and 100 μL of 1X 
Biotinylated TNF alpha Detection Antibody is added. After 
washing away the unbound biotinylated antibody, 100 μL 
of 1X HRP-Streptavidin solution is pipetted to the wells. 
The wells are again washed, and 100 μL of TMB One-Step 
Substrate Reagent is added to the wells and colour develops 
in proportion to the amount of TNF alpha bound. 50 μL of 
Stop Solution is added to each well which changes the col-
our from blue to yellow, and the intensity of the colour is 
measured at 450 nm on Multimode Microplate reader: Spec-
traMax i3X [Molecular Devices, USA]. The calculations 
were performed as per the Kit protocol. 

Estimation of Cytokines - IL-1β
The ELISA (Enzyme-linked Immunosorbent Assay) kit for 
estimation of human IL 1β is intended to quantify the en-
zyme in blood components or culture medium. For experi-
mentation, samples 100µL each is pipetted into the specific 
antibody-coated wells of microtiter strip microplates. To be-
gin the experimental process, samples, as well as standards 
and 50 µL of 1X Biotinylated monoclonal anti-IL-1 beta an-
tibody, are simultaneously incubated. After washing, the en-
zyme 100 μL of 1X Streptavidin- HRP, that binds the bioti-
nylated antibody is added, incubated and washed. A 100 μL 
of Chromogen TMB substrate solution is added which acts 
on the bound enzyme to induce a coloured reaction product. 
Direct exposure to light is avoided by wrapping the plate in 
aluminium foil. 100 μL of Stop Reagent is added into each 
well and results are taken immediately after the addition of 
Stop Reagent, or within one hour, if the microplate is stored 
at 2-8°C in the dark.

The absorbance of each well is read on a spectrophotometer 
(SpectraMax i3X) using 450 nm as the primary wavelength 
and optionally 620 nm (610 nm to 650 nm is acceptable) as 
the reference wavelength. The more is the concentration of 
the interleukin beta in the sample, the more is the strength of 
the coloured product. The standardized protocol mentioned 
in the kit is followed to calculate during experimentation and 
analysis.
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Estimation of Cytokines - IL-6 
ELISA kit for Interleukin-6 in-vitro testing is intended to 
quantify the enzyme in different blood components, body 
fluids and experimental solutions. The assay method identi-
fies natural as well as recombinant human IL-6. The coating 
of interleukin-6 monoclonal antibody was done before the 
experiment in the specified number of microtiter strips well-
plates. Each well was filled with standards and control sam-
ples in the quantity of 100 μL respectively. The experiment 
was started with the incubation of 50 μL of 1 X Biotinylated 
monoclonal anti-IL-6 antibody along with either samples or 
standard. After washing, 100 μL of 1X Streptavidin-HRP 
solution, that binds the biotinylated antibody is added into 
all wells, incubated at room temperature for 30 minutes and 
washed.

100 μL of Chromogen TMB (3,3’,5,5’-tetramethylbenzi-
dine) substrate solution is added which acts on the bound 
enzyme to induce a coloured reaction product and incubated 
in the dark for 12-15 minutes at room temperature. The in-
tensity of this coloured product is directly proportional to the 
concentration of IL-6 present in the samples 100 μL of Stop 
Reagent is added into each well and results are taken imme-
diately after the addition of Stop Reagent, The absorbance 
of each well was noted on a spectrophotometer (SpectraMax 
i3X ) using 450 nm as the primary wavelength and optionally 
620 nm (610 nm to 650 nm is acceptable) as the reference 
wavelength. The calculations were performed as per the Kit 
protocol. 

Statistical Analysis
Mean ± standard error of the mean (SEM) were calculated 
from the observed individual values Statistical analysis was 
performed by one-way analysis of variance (ANOVA) fol-
lowed by Student-Newman-Keuls multiple comparison test. 
GraphPad Prism- 5 (GraphPad Software Inc., La Jolla, Cali-
fornia, USA) was used for statistical analysis. P-values less 
than 0.05 were considered statistically significant.

RESULTS AND DISCUSSION

The phytochemical analysis of W. somnifera has 
revealed several groups of bioactive compounds 
such as flavonoids, tannin, alkaloids, sitoindosides, 
glycosides, withanicil, steroidal lactones, and alka-
loids.25,26 The most therapeutically important chem-
icals are withanolides especially withaferin A and 
withanolide D for its antiarthritic effects.27,28 Com-
pounds in sample chromatograms were determined 
from the intensity of absorbance at 232 nm and 
identified invalidate High-performance thin-layer 
chromatography (HPTLC) analysis, which is an ef-
ficient tool for quantitative analysis of compounds 

and yields superior separation efficiency. The with-
anolides present in the extracts were identified by 
comparing the HPTLC spectrum of the standards. 
The quantities of withanolides were present more 
in 50% aq-methanolic extracts of the root part of 
Ashwagandha.
The inflammatory mediator Tumour Necrosis Factor-alpha 
(TNF-α) may lead to the release of other inflammatory cy-
tokines such as IL-1β and IL-629, which promotes synovitis 
causing cartilage destruction and bone erosion in RA.30,31 W. 
somnifera is a herb known to have multiple benefits to keep 
the body healthy. The roots of the plant have known usage 
for having anti-inflammatory properties.  Both the Leaf and 
root extracts of W. somnifera has been studied for analysis 
and standardization of Phyto-constituents and in efficacy 
models.32-34

The present study gave a preliminary research lead on the 
most effective part extract in inflammations in-vitro cy-
tokine models. Many researchers in experimental (in-vitro 
and in-vivo) anti-inflammatory models have studied the leaf 
part. W. somnifera leaf aqueous extract and one of its ac-
tive chloroform fractions studied in microglial cell lines was 
found to inhibit the microglial activation and migration by 
attenuating the pro-inflammatory markers of TNF-α, IL-1β, 
IL-6 and others suggesting its role in suppression of neuroin-
flammation.35 New withanolide glycosides and withanolide 
isolated from the leaves were studied for their inhibition of 
cycloxygenase-1 (COX-1) and cyclooxygenase-2 (COX-2) 
enzymes and lipid peroxidation. The majority of compounds 
showed selective COX-2 enzyme inhibition suggesting their 
anti-inflammatory activity.36 The hydro-methanolic extract in 
stainless steel implant induced inflammation in zebrafish in-
vivo model has shown an inhibitory effect of TNF α.37

The root part of W. somnifera finds its usage more in experi-
mental models as well as in clinical practice. Hydroalcoholic 
root extract showed anti-inflammatory effect by inhibition 
of protein (albumin) denaturation in the in-vitro model.38 
Ethanolic extract was effective in acute and chronic in-vivo 
carrageenan-induced anti-inflammatory model.39 Aqueous 
extracts in gel dosage form has shown anti-inflammatory 
activity in trinitrobenzene sulfonic acid-induced in-vivo 
models for inflammatory bowel disease.40 Root powder41 
and aqueous extract 42 decreased the arthritis effects in col-
lagen-induced arthritis in-vivo model suggestive its anti-
inflammatory activity. Attenuation of the pro-inflammatory 
markers (TNF-α, IL-1β, IL-6 and IL-10) were observed in 
the study by khan et.al. Root powder showed inhibitory ef-
fect on pro-inflammatory markers, proteinuria, nephritis in 
pristane-induced Lupus model.43 Root power exhibited anti-
inflammatory activity by decreasing the pro-inflammatory 
markers TNF-α and IL-6 in fructose-fed rats44 and showed 
potent analgesic and antipyretic effect by retarding ampli-
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fication and propagation of the inflammatory response in 
monosodium urate crystal-induced (Gout) model.45 Root 
powder had potent inhibitory activity towards the comple-
ment system, mitogen-induced lymphocyte proliferation and 
delayed-type hypersensitivity reaction suggestive usefulness 
in immunosuppression for the inflammatory diseases.46

Aqueous root extract showed anti-inflammatory activity on 
human osteoarthritic cartilage47 and in the human keratino-
cyte cell line by inhibiting expression of inflammatory cy-
tokines IL-8, IL-6, TNF-α, IL-1β and IL-12, and promoting 
the expression of the anti-inflammatory cytokine transform-
ing growth factor (TGF)-β1.48

The MTT method of cell determination is useful in the meas-
urement of cell growth in response to mitogens, antigenic 
stimuli, growth factors and other cell growth-promoting 
reagents, cytotoxicity studies, and in the derivation of cell 
growth curves (Sigma). In the present study, the MTT assay 
was performed in MG 63 and Hep G2 cell line. Methotrex-
ate confirmed the authenticity of the study by showing a de-
creasing trend in cell viability. All the four extracts from the 
concentration of 100 µg/ml up to 1000 µg/ml have shown a 
considerable cell survival count (Cells/ml) contributing to-
wards its safety profile (Figures 1 & 2).

Levels of inflammatory cytokine, TNF-α were measured as 
a marker of inflammation. Both the methanolic and hydroal-
coholic extracts from the aerial part was found to have more 
potential compared to that of roots in inhibiting the TNF –al-
pha cytokines (Figure 3).  Cytokine IL-1β is reported to play 
critical roles in the pathogenesis of RA. The inflammatory 
cytokine IL-6 was measured as a marker of inflammation. 
In the Interleukin 6 inhibition assay, the extracts of the aerial 
part were better compared to their respective roots extracts. 
Root Hydroalcoholic extract was better than aerial metha-
nolic extract. However, among the four, the aerial hydro-
alcoholic part is the most potential. In the interleukin beta 
inhibition assay, both root extracts were better than aerial 
extract (Figure 4 and 5). 

CONCLUSION

Both parts of W. somnifera possess anti-inflammatory prop-
erties however, the aerial part has shown a promising activ-
ity vis-à-vis the roots. Therefore, this can be an alternative 
renewable resource as raw material for preparing medicines 
for arthritis. Moreover, both the methanolic and hydroalco-
holic extracts can be considered for Phyto-pharmaceutical 
drug development.
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Figure 1: Effect of extracts of W. somnifera on the MTT as-
say on Hep G2 cell lines 
MeOH: Methanolic extract, HA: Hydro-alcoholic extract

Figure 2: Effect of extracts of W. somnifera on the MTT as-
say on MG 63 cell lines 
MeOH: Methanolic extract, HA: Hydro-alcoholic extract

Figure 3: Effect of extracts of W.somnifera TNF-α inhibition 
MeOH: Methanolic extract, HA: Hydro-alcoholic extract, Diclo: 
Diclofenac, SSZ: Sulphasalazine

Figure 4: Effect of W. somnifera extracts on Cytokines IL-1β 
inhibition  
MeOH: Methanolic extract, HA: Hydro-alcoholic extract, Diclo: 
Diclofenac, SSZ: Sulphasalazine

Figure 5: Effect of extracts of W. somnifera on inhibition of 
Cytokines IL-6 
MeOH: Methanolic extract, HA: Hydro-alcoholic extract, Diclo: 
Diclofenac, SSZ: Sulphasalazine


