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	 Cancer development is inextricably associated with oxidative stress and inflammation, 
and tumor cells respond with increased glutathione S-transferase (GST) activity and cellular 
glutathione (GSH) concentrations, leading to therapy resistance. Hemidesmus indicus is a 
commonly employed medicinal plant in Ayurveda, with bioactive compounds that may have 
anticancer and anti-inflammatory activities. The aim of this investigation was to assess the 
therapeutic value of bioactive fractions of H. indicus by targeting the GST and GSH pathways in 
tumor inflammation. Bioactive fractions were isolated using bioassay-guided fractionation and 
identified by gas chromatography-mass spectrometry (GC-MS) as principal compounds Phthalic 
acid, Oleanen-3yl acetate, and Eicosane. Cytotoxicity against HeLa cells showed pronounced 
antiproliferative activity with an IC50 value of 37.44 µg/mL. The bioactive fractions inhibited 
GST activity and consumed GSH content in HeLa cells, inducing oxidative stress-mediated 
apoptosis. Moreover, anti-inflammatory assays such as protein denaturation and red blood cell 
membrane stabilization validated its anti-inflammatory potential. These data indicate that H. 
indicus bioactive fractions act as potent modulators of oxidative stress and inflammation, and 
thus potential candidates for anticancer and anti-inflammatory drug development. More “in 
vivo” research and clinical trials are needed to establish their therapeutic applications.
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	 Hemidesmus indicus is an important 
ancient Ayurvedic medicinal plant with reported 
anti-inflammatory, antioxidant, and anticancer 
activities. These activities are attributed due to 
the presence of different bioactive compounds 
with therapeutic potential in the lead optimization 
process of drug discovery.1 H. indicus is one of 
the promising sources for the identification of 
lead compounds, effective against oncology- and 

inflammation-related diseases.2 Activity-guided 
fractionation approaches are usually adopted to 
isolate bioactive compounds and process them 
through drug discovery pipelines for clinical 
applications.3 This work followed an integrated 
drug discovery approach, wherein the roots 
of Hemidesmus indicus were extracted and 
fractionated using a bioassay-guided fractionation 
method to afford compounds with potential 
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biological activities. Phytochemical profiling and 
bioassay-guided fractionation were performed 
to identify the most active fractions, while 
further analyses were conducted by means 
of gas chromatography-mass spectrometry 
with a view to pinpointing the exact bioactive 
compounds present.4 The fractions exhibiting some 
biological activity, including anticancer and anti-
inflammatory potentials, are advanced for further 
analysis to streamline such a process of identifying 
promising drug leads.
	 The modulation of pathways of oxidative 
stress in cancerous cells is one of the prime study 
areas that create initial point of drug discovery 
targeted at tumor progression.5 Cancerous cells such 
as HeLa cells possess higher levels of antioxidant 
defense, such as glutathione S-transferase and 
reduced glutathione, which render them resistant 
to many conventional therapies.6The activity-
guided assays screened the Hemidesmus indicus 
fractions so as to reduce GSH levels and inhibit 
GST activity, which would selectively assess 
the state of oxidative stress in cancer cells. A 
mechanism involving disruption of normal redox 
balance in cancer cells initiates apoptosis without 
harming the normal cells.7 Downregulation of GST 
and depletion of GSH in HeLa cells treated with 
bioactive fractions underline their lead compound 
potentiality for further drug development.
	 Apart from its pro-oxidative effects, H, 
indicus exerts potent anti-inflammatory action, an 
important modality in drug discovery against cancer 
and chronic inflammatory disorders. Inflammation 
is identified as one of the driving forces in cancer 
proliferation and metastasis; thus targeting 
inflammatory pathways offers twin benefits in 
cancer therapy.8 Activity-guided fractionation 
assays such as protein denaturation inhibition and 
HRBC membrane stabilization tests have shown 
significant and potent suppression of inflammation 
by bioactive fractions through inhibition of key 
pathways involved in inflammation. Thus, these 
findings have established H. indicus as strong lead 
with multi-faceted properties influencing at both 
the oxidative stress and inflammation pathways 
in cancer biology. The present study was aimed 
to assess the therapeutic potential of bioactive 
fractions of Hemidesmus indicus by targeting 
GST and GSH in tumor inflammation and lays a 

solid base for developing new anticancer and anti-
inflammatory agents from H, indicus.

MATERIALS AND METHODS

Materials
	 Hemidesmus indicus plant material 
utilized  in  the  present  work  was  obtained  from 
a local  shop  and  authenticated  by Mrs. 
Va n d h a n a ,  L e c t u r e r ,  D e p a r t m e n t  o f 
Pharmacognosy, Saveetha College of Pharmacy. 
All chemicals and  equipment  necessary  for 
the  work  were  supplied  by the  lab  facilities at 
Saveetha Institute of Medical and Technical 
Sciences (SIMATS), Chennai, India.
Methods
Extraction, fractionation, and QSAR analysis of 
bioactive compounds from H. indicus
	 The  current  study  is  a  follow-up  of 
our previously published work by (Devi 
JR)9, in  which  the same bioactive fraction of 
Hemidesmus indicus has been used for the work. In 
the previous study, bioactive molecules were extracted 
from H. indicus under reduced pressure, followed 
by solvent fractionation at different polarity levels 
t h r o u g h   n - h e x a n e ,  e t h y l  a c e t a t e , 
c h l o r o f o r m ,  m e t h a n o l ,  a n d  w a t e r . 
Phytochemical analysis and antimicrobial 
assays  of  the  resultant  fractions  had  been 
carried out through  agar diffusion methods. 
The bioactive fraction was also analyzed by gas 
chromatography–mass spectrometry (GC-MS) 
for the identification of  their  constituents, and 
a QSAR model was  established  through  the 
Comparat ive  Molecular  Fie ld  Analys is 
(CoMFA) technique to relate the biological activity 
of the compounds to their 3D molecular features. 
In the  current  research, the same bioactive 
fraction and previously  characterized  ligands 
were used to carry out  their therapeutic potential.9 
The individual phytoconstituents were docked 
followed by simulation to assess their tumor 
inflammation properties.10

Determination of total antioxidant activity 
by DPPH (diphenyl picryl hydrazyl radical) 
method
	 The radical scavenging  activity of the 
extracts was determined according to the method.11 
12Vero and HeLa cells were seeded and exposed to 
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both crude and bioactive fractions of H. indicus for 
24hr.Viable cells were obtained from the culture 
flask by means of a cell scraper. The cells were 
subjected to centrifugation and homogenized in 
a cold tris HCl solution using an ultrasonicator. 
The sonicated cell suspension was centrifuged at 
300 rpm for 10 min at 4ÚC and the supernatant 
was collected and prepared for the quantification 
of DPPH (2, 2’ -diphenyl-â-picrylhydrazyl radical 
(DPPH) scavenging activity. The absorbance was 
measured at 517 nm using Spectrophotometer 
(Shimadzu UV-1900i)
Determination of Glutathione-S-transferase 
(GST) activity 
	 Vero and HeLa cells were plated and 
treated with crude and bioactive fractions of H. 
indicus for 24hr. The cells were centrifuged and 
then sonicated at 10,000 rpm for 15 minutes at 
4ÚC with glutathione and CDNB (1-chloro-2, 
4-dinitrobenzene). The absorbance was measured 
at 340 nm using Spectrophotometer (Shimadzu 
UV-1900i). The GST was expressed as (nmol mg-1 
min-1).13 
Determination of Reduced glutathione (GSH) 
activity
	 Vero and HeLa cells were seeded and 
exposed to both crude and bioactive fractions 
of H. indicus for 24 h. Cells were obtained from 
the culture flasks using an automated cell scraper 
Cells were first sonicated for 3000 rpm and then 
centrifuged at 4OC. The supernatant was used to 
quantify glutathione concentration. DTNB reagent 
((5,5-dithio-bis-(2-nitrobenzoic acid)) was added.14 
The absorbance was measured at a 412 nm using 
Spectrophotometer (Shimadzu UV-1900i).. The 
GSH was expressed as µg dL-1.                      
Determination of cytotoxicity assay of bioactive 
fraction of Hemidesmus indicus
	 The cytotoxicity of bioactive fraction 
of H. indicus on HeLa cells were determined 
by MTT assay. Cells were plated in 96-well 
microtiter plates (and incubated at 5 % CO2 
incubator ( Thermoscientific, 2021). Then, 
various concentrations of bioactive fraction were 
added and incubated. The images were viewed in 
inverted microscope (Labtech, 2015) to assess the 
percentage viability. Viable cells were determined 
by measuring the absorbance at 540 nm.15 
Percentage cell viability of cells was expressed 
using the following formula: 

% cell viability = A540 of treated cells / A540 of 
untreated cells × 100

Inhibition of protein denaturation using bovine 
serum albumin
	 Different concentrations consisting 
5% aqueous solution of BSA were treated with 
bioactive fraction of H. indicus. Aspirin treated 
solution were used as control the mixtures were 
incubated at 37°C for 20 min and subsequently 
heated. Then phosphate buffer saline was added 
to each test tube and absorbance measured at 
660 nm. The percentage inhibition of protein 
denaturation.16,17 was calculated as follows
         

Percentage inhibition = [ Absorbance 
of control- Absorbance of sample/                                                  

Absorbance of control ] ×100
 

Inhibition of protein denaturation using Fresh 
hen’s egg albumin
	 Solutions with fresh egg albumin, 
phosphate buffered saline (pH 6.4) and crude extract/
fractions solutions of different concentrations 
were prepared. Doubled distilled water was taken 
as control. Reaction mixture was placed in an 
incubator followed by heating.18,19 Percentage 
inhibition of protein denaturation was calculated 
by using the following formula: 

% of inhibition = 100 X [Vt /Vc-1]

Where, Vt = absorbance of test sample, Vc = 
absorbance of control
Inhibiton of hemolysis assay by human red 
blood cell (HRBC) membrane stabilization 
	 Different concentrations HRBC stock 
mixed with hypotonic solution (0.9% NaCl) was 
added to varying concentrations of bioactive 
fraction of H. indicus The positive control consisted 
of HRBC and hypotonic solution in varying 
concentration of diclofenac sodium. The mixture 
was incubated for 10 min at room temperature 
and then centrifuged. The haemoglobin content of 
the supernatant was collected and analysed at 540 
nm.20The percentage inhibition of hemolysis was 
calculated using the formula.

% inhibition = [Absorbance (control) –
Absorbance (test) / Absorbance (control)] x 100 
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Table 1. Effect of crude extract, bioactive fraction of Hemidesmus indicus on glutathione S transferase (GST) 
activity, reduced glutathione (GSH) concentration, DPPH scavenging activity on HeLa and Vero cells

Fraction	                       GST activity		                         GSH	 	                       DPPH scavenging 
	                        (nmol mg-1 min-1)	                           µg dL-1		                           activity (%)
	 HeLa	 Vero	 HeLa	 Vero	 HeLa 	 Vero

Extract	 4.5±0.1	 3.6±0.15	 21.6±0.57	 64.33±2.51	 79.33±2.88	 55.33±0..57
Bioactive fraction	 8.13±0.81	 1.76±0.15	 34.3±1.15	 39.33±1.52	 55.6±1.15	 34.3±1.52
Control	 12.9±1.0	 4.4±1.0	 38±0.15	 32.0±0.12	 -	 -

The data represents average ± SE of three independent experiments

The data represents average ± SE of three independent experiments          
Fig. 1. Effect of crude and bioactive fraction of H. indicus on GST (Glutathione-S-transferase) in Vero and HeLa 

cells

Values were reported as mean ± SEM and analyzed 
statistically using Microsoft Excel. Values of 
p<0.05 are regarded as significant.

RESULTS

Determination of total antioxidant activity 
by DPPH (diphenyl picryl hydrazyl radical) 
method
	 The radical scavenging activity of the 
crude and bioactive fraction of Hemidesmus 
indicus was determined using the DPPH method. 
The antioxidant activity of crude and bioactive 
fractions of H. indicus was assessed on Vero and 
HeLa cells using DPPH method. The crude extract 
exhibited high quenching activity 79.33±2.88 %in 

HeLa cells in comparison to 55.33±0.57 % in Vero 
cells (Table 1)
Determination of Glutathione-S-transferase 
(GST) activity 
	 GST activity of crude extract and 
bioactive fractions, studied on Vero and HeLa 
cell lines, showed that crude extract exerted a 
significant reduction in GST activity in HeLa cells 
whereas there was no marked reduction in enzyme 
activity in Vero cells (Table 1.Fig 1).
Determination of GSH (reduced glutathione)
	 The elevated GSH as seen in untreated 
HeLa cells were decreased after treatment with 
crude extract of H. indicus. There was no marked 
decrease in GSH content in bioactive fraction 
treated cells (Table 1, Fig 2). In Vero cells bioactive 
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The data represents average ± SE of three independent experiments          
Fig. 2. Effect of Crude and bioactive fraction of H indicus on GSH (Glutathione concentration) in Vero and HeLa 

cells

The data represents average ± SE of three independent experiments                  
Fig. 3. MTT assay of the bioactive fraction of H.indicus

fraction did not bring any significant change in 
GSH whereas extract increased the GSH when 
compared to control cells.
	 Hemidesmus indicus exhibits high 
phenolic and flavonoid content, making it effective 
antioxidants to scavenge free radicals and prevent 
oxidative stress in cells. The plant also had an 
impact on the antioxidant activity to downregulate 
the effect of oxidative stress on cells which is one 

of the factors that support the growth of cancer 
cells.21 It is also evident that this plant might 
improve cellular antioxidant protection through 
a number of antioxidant enzymes that point to 
those higher intracellular concentrations of ROS 
in cancer cells. Similarly, it is also helpful in 
protection of oxidative impairment in normal 
cells and promotion of oxidative stress in cancer 
cells, which strengthen the two faceted aspect 
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The data represents average ± SE of three independent experiments                        
Fig. 4. Bovine serum albumin assay of H. indicus

The data represents average ± SE of three independent experiments
Fig. 5. Egg albumin assay of H.indicus

of cancer treatment.22Finally, the antioxidants 
capacity of Hemidesmus indicus influences the 
balance in oxidative stress is responsible for the 
revealed cancer and inflammation suppressing 
potentials. The results on modulation of Glutathione 
S-Transferase (GST) activity and Glutathione 
(GSH) concentration by Hemidesmus indicus 
are discussed in the light of recent literature 
demonstrated that the administration of the extracts 

of Hemidesmus indicus overexpressed the activity 
of GST and other cancer cells thereby resulting in 
the suppression of the detoxification process and 
consequently increasing susceptibility to oxidative 
stress. The extracts from the plant could reduce 
GSH levels in cancer cells; which if reduced will 
lead to increased oxidative stress and apoptosis. 
Hemidesmus indicus down regulates the GST 
and GSH in cancer cells but not in normal cells 
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evidencing the selectivity of the compound for 
cancer cells. The bioactive compounds present in 
the plant were capable to inducing oxidative stress 
in cancer cells by reducing GSH and therefore 
substantiated the potentials of the plant for cancer 
treatment. The enzymatic activity of Hemidesmus 
indicus may serve as a redox focusing on cancer 
cells subjecting to the current investigation.
Determination of cytotoxicity assay of bioactive 
fraction of Hemidesmus indicus
	 The percentage viability of HeLa cells 
decreases with the decrease in the concentration of 
bioactive fraction extract of H. indicus. The extract 
from bioactive fraction showed IC50 value of 37.44 
µg mL-1 on HeLa cell line. The cell viability of HeLa 
cell lines decreased with change in concentration of 
H indicus extract (Fig 3). The fraction was reported 
to contain phthalic acid, Oleanen 3yl acetate and 
Eicosane. Among these compounds Oleanane 
triterpenoids, including oleanolic acid and synthetic 
derivatives, have shown promising anticancer and 
anti-inflammatory properties through modulation 
of multiple signaling pathways.23 Oleanolic acid 
affects various molecular targets involved in cancer 
progression, including caspases, AMPK, ERK1/2, 
and PI3K/Akt/mTOR pathways.24 Synthetic 
oleanane triterpenoids demonstrate cytoprotective 
effects at low doses and induce apoptosis at higher 
concentrations, primarily through the Keap1/Nrf2/

ARE pathways.25Similar research supports that 
the Hemidesmus indicus bioactive compounds 
significantly exerted cytotoxic effects against 
breast and cervical cancer cells and through 
the induction of cell-cycle arrest and apoptosis. 
These compounds were reported to inhibit NF-
êB and STAT3, key regulators of inflammation 
and tumorigenesis26.  Further elucidation of exact 
mechanism of action is done through insilico 
studies by molecular docking and QSAR studies, 
which indicated good interaction of bioactive 
compounds with molecular targets related to 
cancer. Current research work substantiates the 
role of xenobiotics in this ancient herbal plant 
which explore the novel leads for the improving 
metabolism and health, inhibiting the development 
of cancer and other diseases. 
Inhibition of protein denaturation (bovine 
serum albumin assay)
	 The results obtained further substantiated 
that the effect of bioactive fraction on protein 
denaturation were correlated with the degree of 
concentration. The maximum percentage inhibition 
observed was 80% the highest concentration 
tested, indicating the potential anti-inflammatory 
properties of the extracts (Fig 4). The control 
sample, which did not contain the extract, exhibited 
no significant inhibition, thus confirming the 
activity of the H. indicus components.  

The data represents average ± SE of three independent experiments
Fig. 6. Membrane stabilization assay of H.indicus
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Inhibition of protein denaturation (Hen’s egg 
albumin assay)
	 The results revealed a significant reduction 
in protein denaturation, with percentage inhibition 
increasing with the increase in concentration 
of the extract (Fig 5). The highest percentage 
inhibition was recorded at 78%, indicating strong 
anti-inflammatory activity. Diclofenac sodium, 
used as a standard control, exhibited comparable 
inhibition, thereby supporting the efficacy of the 
extracts. The control without the extract showed 
negligible inhibition. 
Human red blood cell (HRBC) membrane 
stabilization assay
	 The findings showed that the bioactive 
fraction possessed a depolymerising ability of 
the HRBC membrane, by lowering haemolysis 
in a concentration dependent manner. The 
maximum inhibition was achieved for the highest 
extract concentration and reached 84% inhibiting 
hemolysis, which is not statistically different 
from inhibiting effect of diclofenac sodium, the 
reference drug. Based on these findings, it can 
be concluded that there are anti-inflammatory 
potentials of H. indicus which could have its way 
through the membrane stabilization.These results 
thus suggest the anti-inflammatory property of 
Hemidesmus indicus as supported by in vitro studies 
Hemidesmus indicus contains anti-inflammatory 
compound in its extract in terms of inhibition of 
pro-inflammatory biomarkers and cyclooxygenase 
enzymes and stabilizing lysosomal membrane.The 
extracts from the plant were capable of inhibiting 
the ‘key enzyme’ involved in the inflammatory 
process such as COX-2 and 5-LOX resulting to 
increased inflammation It was discovered that the 
extract from Hemidismus Indicus could modulate 
the NF-êB signaling pathway, which plays a key 
role in regulating inflammation. This modulation 
was credited with the plant’s anti-inflammatory 
effects, as demonstrated in both cell and animal 
studies. 

DISCUSSION

	 Hemidesmus indicus, a commonly 
employed traditional Indian medicine, is found 
to possess anti-inflammatory, antioxidant, and 
anticancer activities, possibly mediated by 
different signalling mechanisms. The research here 

underscores its therapeutic value, especially in 
HeLa cells, wherein its bioactive fractions regulate 
GST and GSH levels and enhance oxidative stress-
induced apoptosis. GC-MS profiling revealed some 
major compounds such as phthalic acid, oleanen-
3yl acetate, and eicosane, which are associated with 
antioxidant activity and xenobiotic metabolism. 
Interestingly, 2-Hydroxy-4-methoxybenzoic acid 
(HMBA) has the ability to inhibit the biosynthesis 
of prostaglandins, which inhibit tumor growth. 
Phthalic acid derivatives inhibit GST, leading 
to cancer cell detoxification deficiency and an 
increase in ROS accumulation, and GSH depletion 
compromises cellular defense and increases Bax-
induced apoptosis. The dual mechanism highlights 
Hemidesmus indicus as a potential anticancer 
drug, necessitating future molecular investigations 
and clinical establishment. Though the results 
are promising, it is of paramount importance to 
note that further “in vivo” and clinical studies are 
required to establish the efficacy and safety for 
such bioactive compounds. Formulating these 
phytoconstituents is essential in near time to 
establish them as a potent drug leads with improved 
biopharmaceutics and pharmacokinetics properties.

Conclusion

	 The bioactive fractions of Hemidesmus 
indicus was found to exhibit anti-inflammatory, 
antioxidant, and anticancer activities. Fraction was 
able to modulate key biochemical processes and 
act as inducer for phase II xenobiotic metabolism 
such as GST activity and levels of GSH regulators 
of oxidative stress in cancer cells. As a cytotoxic 
agent against HeLa cells, can be optimised a drug 
lead in cancer with proper structural optimisation. 
Further, Hemidesmus indicus fraction has anti-
inflammatory action through cell membrane 
stabilization and prevention of protein denaturation, 
to treat inflammation. Further “in vivo” studies are 
essential along with clinical trials for drug lead 
optimisation. 
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