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Introduction  
The different kind of natural secondary 

metabolites produce by the Plant Kingdom which are 
being inspected for their anticancer activities leading to 
the development of new clinical drugs.(1)  In human 
development and well-being the rise of Cancer 
worldwide is a major impediment in current era.  By 
2030, the burden of cancer will increase to 22 million 
new cases each year.(2) There is need of research & 
scientific documentation on newly derived and 
traditionally used herbal compounds and due to 
limitation of modern medicine & therapies, ayurvedic 
medicine is a ray of hope. Folklore and tribal sources 

were util ized by Ayurvedic Acharyas while 
documenting Materia medica of Ayurveda.(3,4) 

Kukkutnakhi is an herb grown around the 
monsoon and rainy seasons and found along the foot 
hills of Sahyadri region. (5,6) It is botanically  
identified as Aspidium cicutarium Sw. of  family 
Drypteridaceae.( 7,8) Initially it is mentioned in the text 
“Gharguti Aushadhe” and it is also called as 
Kombadnakhi, Bichava, Nirvishi and Waghchavdi.
(9,10) The rhizomes of this herb being used as a 
folklore remedy for the treatment of Shotha, Shula, 
Arbuda etc. successfully.(11) Guggula kalpana i.e 
medicines prepared by using exudates of Commiphora 
mukul has its own importance in the arena of ayurvedic 
therapeutics.(12) Kukkutnaki Guggula was selected as a 
study drug according to retrospective literary review 
from various texts and scientific magazines and it is 
indicated in cysts, tumors, tonsillitis, abscess, 
elephantiasis etc.(13) It was first mentioned in the text 
“Chikitsa pradeep” for various Mansavaha strotas 
ailments.(14) However in the text “Guggula kalpana”, 
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its method preparation and proportion of the ingredients 
is mentioned.(15)  

The study drug was formulated by using 
authenticated Kukkutnakhi and purified Guggul  in the 
same proportion for oral administration as per text 
Guggula Kalpana.(16) Current in-vitro anticancer study 
was conducted by following  SRB assay with an aim to 
check anticancer effect of Kukkutnaki Guggula on  
human hepatoma cell line-HEPG2 of Liver; PC-3 and 
DU145 cancer cell lines of Prostate; Ovcar-3, A2780, 
SK-OV-3, PA-1 cancer cell lines of Ovary and ACHN 
renal cancer cell line of Kidney. 

Materials and Methods 
Material 

The selected cancer cell lines i.e human 
hepatoma cell line-HEPG2 of Liver; PC-3 and DU145 
cancer cell lines of Prostate; Ovcar-3, A2780, SK-OV-3, 
PA-1 cancer cell lines of Ovary and ACHN renal cancer 
cell line of Kidney  were procured from American Type 
Culture Collection (ATCC),USA and NCCS Pune. 96 
well plate, 15 ml centrifuge tubes, SRB Calorimeter, 25 
cm2 tissue culture flasks, Millipore disposable filters, 
Liquid nitrogen container, CO2 incubator , Laminar 
flow hood , Haemocytometer, Biological Microscope, 
Drug dispensing machine, Electronic balance, 
Multichannel automated pipette, Elisa reader were used 
for in vitro study. The chemicals like SRB dye, Ethanol, 
TCA liquid nitrogen, DMSO, RPMI medium, DMEM  
were used in the current study. 

Method 
The current in vitro study was conducted at 

ACTREC (Advanced Centre for Treatment, Research 
and Education in Cancer), Kharghar, Navi Mumbai. The 
Sulforhodamine B (SRB) Assay protocol was followed 
to observe the activity of the study drug and Adriamycin 
(Doxorubicin) was used as positive control. 

In-Vitro Study  
The selected cancer cell lines were checked for 

quality control and its cryopreservation was done in 
Liquid nitrogen vapors and DMSO(5-10%) in a liquid 
nitrogen container. 25 cm2 tissue culture flasks 
containing RPMI 1640 medium i.e 10% Fetal Bovine 
Serum and 2nM L-glutamine were used for cell lines  
grown  and its single cell suspension was made. Tissue 
culture flask was then kept in a CO2 incubator at 37.50C 
for 24-48 hrs for the purpose of cell division. Cells were 
counted with the help of haemocytometer and cell count 
is adjusted according to the titration readings 
(approximately 1x 105cells/ml). This Cell culture  was 
done under all aseptic condition inside the laminar flow 
hood to avoid bacterial contamination. Then inoculation 

of prepared cell suspension(90µl) was done into 96-well 
Micro- Titer plates so that every well receives 5X103 

cells. Then the plates were incubated at 370C, 95% air, 
5% CO2, and  relative humidity(100%) for 24h prior to 
addition of experimental drugs. Study drug was 
solubilized in DMSO i.e. Dimethyl sulfoxide at 100 mg/
ml and diluted to 1 mg/ml using water and stored frozen 
prior to use.(17) 

 By Drug dispensing machine aliquots of 10µl 
of the study drug dilution were added to in 96 well 
plates which previously containing  of  Cell suspension 
(90µl) in triplicate. DMSO (10 ml of 10% v/v) was 
added into each negative-control well  and 10 ml 
Adriamycin was added into each positive-control well. 
Drug was tested at 4 dose levels (40,80,120,160µg/ml). 
Each experiment was repeated thrice. Then Cell fixation 
w a s d o n e b y 2 5 µ l c o l d 5 0 % ( w t / v o l ) 
TCA(Trichloroacetic acid) and plates incubation was 
done at for 1 h at 4 °C. Then plates was stained by SRB 
dye (50  µl ) of  0.04%  (wt/vol)  SRB  solution  to  each  
well and left for 15minutes. Then washing of the plates 
with tap water was done to remove SRB dye. The 
unbound dye was washed by 1% acetic acid and plates 
were dried. Then protein-bound dye was solubilized 
after 30 min in Tris base solution. Then absorbance was 
read on the Elisa-Plate Reader at the wavelength of 
540nm with reference to 690nm.  Graphs were plotted 
and results was given in terms of GI50, TGI, LC50 
values. Then optical density of control cells was 
compared to that of drug treated cells and growth 
inhibition calculated as values in percentage.  Using the 
six absorbance measurements [time zero(Tz), control 
growth(C) and the test growth in the presence of drug at 
the four concentration levels (Ti)], the percentage 
growth was calculated at each of the drug concentration 
levels. On a plate by plate basis percentage growth was 
calculated for test wells relative to control wells. 
Percent growth was expressed as the ratio of average 
absorbance of the test well to the average absorbance of 
control wells. It was calculated as [(Ti-Tz)/ C-Tz)] x 
100 for concentration for which Ti>/=Tz(Ti-Tz) positive 
or zero [(Ti-Tz)/ Tz)] x 100 for concentration for which 
Ti<Tz. (Ti-Tz) negative. Growth inhibition of 50% 
(GI50) was calculated from [(Ti-Tz)/ C-Tz)] x 100= 50, 
which was the drug concentration resulting in a 50% 
reduction in the net protein increase (as measured by 
SRB staining) in control cells during the drug 
incubation. The drug concentration resulting in total 
growth inhibition(TGI) was calculated from Ti=Tz. The 
LC50 (concentration of drug resulting in a 50% 
reduction in the measured protein at the end of the drug 
treatment as compared to that at the beginning) 
indicating a net loss of cells following treatment was 
calculated from [(Ti-Tz)/ Tz)] x 100= -50. (18,19) 
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Observations and Results 
The result of anticancer study on selected cancer cell lines are as follows: 

Table no 1: % Control growth of human hepatoma cell line HEPG2: 

Table no 2: % Control growth of human prostate cell line- DU-145 

Table no 3: % Control growth of human prostate cell line PC3 

Table no 4: % Control growth of human ovarian cell line PA-1 

Table no 5: % Control growth of human Ovarian cell line OVCAR-3 

Table no 6 : % Control growth of human ovarian cell line A2780 

Table no 7: % Control growth of human ovarian cell line SK-OV-3 

Human Hepatoma Cell Line HEPG2
% Control Growth

Drug Concentrations (µg/ml)
Experiment 1 Experiment 2 Experiment 3 Average Values

40 80 120 160 40 80 120 160 40 80 120 160 40 80 120 160
KG 100.0 100.0 96.1 76.2 100.0 100.0 100.0 87.6 100.0 100.0 100.0 81.1 100.0 100.0 98.7 81.6

ADR -35.2 -48.0 -54.4 -57.0 -42.4 -47.7 -60.7 -61.4 -45.3 -49.4 -63.1 -65.1 -40.9 -48.4 -59.4 -61.2

Human Prostate Cancer Cell Line DU145

% Control Growth

Drug Concentrations (µg/ml)

Experiment 1 Experiment 2 Experiment 3 Average Values

40 80 120 160 40 80 120 160 40 80 120 160 40 80 120 160
KG 100.0 95.5 82.0 78.0 100.0 98.0 84.7 80.4 100.0 96.2 95.8 86.0 100.0 96.6 87.5 81.5

ADR 10.6 9.8 8.5 2.7 9.5 6.6 4.0 1.4 10.2 9.3 6.1 5.9 10.1 8.6 6.2 3.3

Human Prostate Cancer Cell Line PC3
% Control Growth

Drug Concentrations (µg/ml)
Experiment 1 Experiment 2 Experiment 3 Average Values

10 20 40 80 10 20 40 80 10 20 40 80 10 20 40 80
KG 100.0 100.0 98.8 98.7 100.0 100.0 99.0 93.2 100.0 96.3 94.9 90.8 100.0 98.8 97.6 95.3

ADR -69.1 -67.5 -76.3 -78.3 -67.5 -73.7 -73.9 -77.3 -68.7 -71.6 -74.4 -78.6 -68.5 -70.9 -74.8 -78.1

Human Ovarian Cancer Cell Line PA-1
% Control Growth

Drug Concentrations (µg/ml)
Experiment 1 Experiment 2 Experiment 3 Average Values

40 80 120 160 40 80 120 160 40 80 120 160 40 80 120 160
KG 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 95.6 100.0 100.0 100.0 98.5

ADR 2.3 -7.3 -33.6 -33.7 -26.7 -32.8 -47.5 -51.8 -21.0 -33.9 -35.3 -43.8 -15.1 -24.7 -38.8 -43.1

Human Ovarian Cancer Cell Line Ovcar-3
% Control Growth

Drug Concentrations (µg/ml)
Experiment 1 Experiment 2 Experiment 3 Average Values

40 80 120 160 40 80 120 160 40 80 120 160 40 80 120 160
KG 100.0 100.0 80.9 47.1 100.0 100.0 100.0 100.0 100.0 100.0 100.0 99.1 100.0 100.0 93.6 82.1

ADR -17.6 -41.6 -48.8 -50.2 -36.0 -44.0 -46.2 -48.1 -39.5 -46.0 -47.3 -47.8 -31.0 -43.9 -47.4 -48.7

Human Ovarian Cancer Cell Line A2780
% Control Growth

Drug Concentrations (µg/ml)
Experiment 1 Experiment 2 Experiment 3 Average Values

40 80 120 160 40 80 120 160 40 80 120 160 40 80 120 160
KG 100.0 100.0 100.0 100.0 100.0 99.5 97.1 97.0 100.0 100.0 93.5 93.0 100.0 99.8 96.9 96.7

ADR -34.0 -35.7 -41.2 -48.0 -29.3 -31.2 -42.4 -50.9 -31.9 -33.3 -47.6 -54.2 -31.7 -33.4 -43.8 -51.0

Human Ovarian Cancer Cell Line SK-OV-3
% Control Growth

Drug Concentrations (µg/ml)
Experiment 1 Experiment 2 Experiment 3 Average Values

40 80 120 160 40 80 120 160 40 80 120 160 40 80 120 160
KG 100.0 100.0 100.0 100.0 100.0 100.0 100.0 98.1 100.0 100.0 100.0 100.0 100.0 100.0 100.0 99.4

ADR -23.0 -31.2 -33.9 -47.0 -31.7 -36.8 -43.5 -54.2 -36.8 -37.5 -40.4 -46.5 -30.5 -35.2 -39.2 -49.2
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Table no 8 : % Control growth of human renal cell line ACHN 
Human Renal Cancer Cell Line ACHN

% Control Growth
Drug Concentrations (µg/ml)

Experiment 1 Experiment 2 Experiment 3 Average Values
40 80 120 160 40 80 120 160 40 80 120 160 40 80 120 160

KG 83.7 77.2 75.9 66.2 87.2 81.7 79.1 67.5 82.0 78.5 64.7 64.3 84.3 79.1 73.2 66.0
ADR -20.0 -21.8 -23.9 -24.4 -21.6 -22.9 -23.5 -26.2 -24.6 -26.2 -27.3 -31.9 -22.1 -23.6 -24.9 -27.5

Graph no. 1: Growth curve of human hepatoma cell line 
HEPG2

Graph no. 2: Growth curve of human prostate cell line 
DU145

Graph no. 3: Growth curve of human prostate cell line 
PC3:

Graph no. 4: Growth curve of human ovarian cell line 
PA-1: 

Graph no.5: Growth curve of human ovarian cell line 
OVCAR-3:

Graph no. 6: Growth curve of human ovarian cell line 
A2780:
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Discussion 
In-vitro mechanism based screening of herbal 

medicine is mandatory in the preliminary phases of 
plant drug research before taking them to in-vivo study 
to evaluate their efficacy.(19) Kukkutnakhi guggula was 
selected for anticancer activity evaluation as it practices 
in tribal masses and also by senior Vaidyas in clinical 
practice on Galaganda(enlargement of glands of neck), 
Granthi(Cyst) and Arbuda (Tumor) etc. This proprietary 
drug prepared in teaching pharmacy by using 
authenticated Kukkutnakhi and Guggula in the same 
proportion for oral administration. In organoleptic 
analysis the colour of the product was found dark 
brown, Rasa(taste) was Tikta(Bitter) , Katu (Bitter), 
Kashaya(astringent) and odour was specific 
representing smell similar to Guggula. This is due to 
presence of Guggula as a major ingredients which 
contain few volatile phyto-constitutes having its 
specific odor. Triphala kwath(decoction) was used for 
purification of crude Guggula, as it is having proved 
anticancer activity. It has Tridoshas shaman and 
Lekhana(Scraping) properties which get embedded to 
purified Guggula and enhance the effect and remove the 
undesired effect of Guggula. 

For anticancer screening of study drug, SRB 
(Sulphorhodamine B) assay was followed and each 
experiment was carried out at 4 dose levels (40, 80, 120, 
160 µg/ml) in a triplicate. SRB is binds to the basic 
amino acids of the cellular proteins as it is bright pink 
anionic protein staining dye  and based on the 
measurement of cellular protein content it is  mainly 
used for cell density determination.(19) Values obtained 
from optical density were estimated and average of 
observed values of each plate was mentioned in table 
and labeled as experiment 1, 2, 3 respectively. Graphs 
were plotted on the basis of average value obtained 
from each experiment which denotes the effect of study 
drug and control drug on selected cancer cell lines. Dye 
concentration was quantified by measuring absorbance 

at 564 nm and the amount of remaining cells in treated 
samples was compared to untreated (control) and % 
inhibition of growth was determined. As per table and 
Graph no. 1, 2, 5 and 8 study drug had shown results in 
a range of 66 to 82 value of percentage control growth 
and inclination of line in graph. As the drug 
concentration increases which indicates moderate 
activity at maximum drug concentration i.e. 160µg/ml. 
As per table and Graph no.  3, 4, 6 and 7 study drug had 
shown results in range of 95-100 value of percentage 
control growth and very slight or no inclination in a 
graph at maximum concentration level i.e.160 µg/ml. 
This indicates the negligible activity, even if the 
concentration of drug is increased. The LC50, TGI and 
GI50 values of study drug were greater than 160µg/ml 
as compared to positive control group. As LC50 values 
of study drug is found to be greater than 160µg/ml 
which indicate that Kukkutnakhi Guggula is safe for 
oral administration and non- toxic at cellular level. 

There are many advanced in-vitro screening 
techniques are available like SRB, MTT, Clonogenic 
assay, Fluorescent assays & dye exclusion test but SRB 
assay is particularly useful for qualitative analysis as it 
is highly sensitive and give better linearity with cell 
number than other assay.(20,21) In cell based studies it 
is widely used to investigate cytotoxicity and is also 
high cost-effective screenings method. It was utilize to 
determine the selective activity of the potential 
anticancer drugs.(22,23) There are certain limitations of 
SRB assay like less sensitive with non-adherent cells, 
several wash steps involved, but fixation required, and 
if drug is insoluble in solvent then it is difficult to 
perform assay.(24,25,26) This preclinical study had 
shown encouraging result in the parameter of growth 
inhibition i.e. GI50 on particular cell lines which shows 
the efficacy of the drug. But there was no activity seen 
on some cell lines which suggest that inactivity of the 
study drug on cancer cell lines of particular organ.  

Graph no. 7: Growth curve of human ovarian cell line 
SK-OV-3:

Graph no. 8: Growth curve of human renal cell line 
ACHN

KG: Kukkutnakhi guggul ,  ADR: Adriamycin
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Conclusion 
On the basis of retrospective literary review, the 
proprietary herbal formulation Kukkutnakhi Guggula is 
evaluated for its anticancer effect in 8 selected cancer 
cell lines. As per SRB assay protocol, Kukkutnakhi 
Guggula had shown moderate activity on HEPG2, 
ACHN, Ovcar-3 and DU145 human cancer cell lines of 
Liver, Renal, Ovary and Prostate organs respectively 
and had shown no activity on A2780, SK-OV-3, PA-1 
and PC-3 cell lines. Kukkutnakhi Guggula was found 
safe for oral administration, non- toxic at cellular level 
(LC50 values were > 160). This work provides scope to 
study its effect on targeted cancers, specific in-vivo 
scientific studies and human clinical trials for further 
researchers.  
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