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Abstract---Leading cause of death world side is because of severe 

health problems due to cancer. Compounds occurring naturally from 

plants known as phytochemical are rich sources of anticancer drug 

development, in depth screening assessments are necessary. The 

objective of the present study aimed to investigate the mechanistic 

pathway of antiproliferative activity of ethanolic Andrographis 
paniculata seed extract against Hepatocellular carcinoma cell (HepG2) 
cell line. Cell cycle arrest and apoptosis study was performed by Flow 

cytometry analysis. The expression of certain apoptosis gene 

associated with cell cycle regulation was conducted by QRT-PCR assay 

to assess the effect of ethanolic Andrographis paniculata seed extract 

on HepG2 cells. Andrographis paniculata seed extract inhibited cell 

proliferation and arrest proliferation on HepG2 cells at G2/M phase 
when compared to untreated cells. The ethanol extract of 

Andrographis paniculata seed found to be active cell inhibitor at the 

time and dose dependent manner. The QRT-PCR assay report reveals 

that pro-apoptotic genes BCL2 Associated X (BAX), Caspase-3, 

Caspase-8 genes on both treated and untreated cells. B-cell lymphoma 

2 (Bcl-2) is down regulated in treated groups compared to untreated 
group and Beta actin was used as internal control. More over 

Andrographis paniculata seed extract trigged both extrinsic and 

intrinsic apoptosis by the activation of Bcl-2, BAX, Caspase-3 and 

Caspase-8 gene. The result indicate that Andrographis paniculata seed 

extract shows a promising potential to be used a nutraceutical for the 

development of anticancer agents to prevent and treat hepatocellular 
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cancer. However further detailed investigation required to make the 

Andrographis paniculata seeds applicable for therapeutic use. 

 

Keywords---phytochemicals, cytotoxic, gene expression, caspase, 
pathway. 

 

 

Introduction 

 
In recent decades the use of plants as natural remedy has been used as 

traditional medicine for treatment of various diseases including cancer. For novel 

drug discovery and development natural products are considered as potent 

sources. Herbal medicine has increasingly grown in the last decade as an 

alternative medicine for cancer-related therapy, which increase efficacy, reduce 

toxicity when compared with chemotherapy treatment given for different 
malignancies. The natural compounds and its multiple therapeutic effects in 

traditional medicine motivated to evaluate the cytotoxic activity of Andrographis 
Paniculata seeds in HepG2 Cell lines Andrographolide involves a mechanisms like 

oxidative stress, cell cycle arrest, anti- inflammatory and immune system 

mediated effects, apoptosis, necrosis, autophagy, inhibition of cell adhesion, 

proliferation, migration, invasion, anti-angiogenic activity on different cell lines 
which proves that the it can be used as agents in the treatment of cancer. (Yunos 

et al., 2013) 

 

The study has reported that ethanolic extract of Andrographis paniculata leaf 

extract increased cell cycle arrest at G0/G1 and G2/M phases induced apoptosis 

in Hep2 and bile duct (HuCCA-1 and RMCCA-1) cells. The cyclin-D1, Bcl-2 and 

inactive proenzyme form of caspase-3 were reduced by Andrographis paniculata 
leaf ethanolic extract while proapoptotic protein Bax was increased. This suggests 

a promising herbal plant for treating intrahepatic cholangiocarcinoma. (Tawit et 
al., 2014) The Andrographolide shows anticancer activity by inhibiting NF-kappa 

B, PI3K/AKT and other kinase pathways by inducing apoptosis. Andrographolide 
induces apoptosis pathway by both intrinsic and extrinsic in anti-apoptotic 

protein like Bax, p53 and activated caspases in different cancer cells. 

Andrographolide inhibited different cancers like human breast, prostate and 

hepatoma tumors. The antiproliferative and apoptotic effect of andrographolide 
along with combination of Cisplating in Ovarian A2780 cancer cell lines are 

observed. The percentage of apoptotic cell death were found to be greater with 

combination of Andro and Cisplatin. (Rajagopal et al., 2003) 

 

Andrographolide induce apoptosis in TD-47 human breast cancer cell line by 

increasing the p53, bax, caspase-3 and decrease the expression of Bcl-2 which is 
determine by immunohistochemical analysis. Ethyl acetate fraction of 

Andrographis paniculata nees and 5-flourouracil combination against different 

human cancer cell line HeLa, Widr and T47D were evaluated. (sukardiman et al., 
2007) Athyrium multidentatum (Doll.) Ching strongly inhibited the cell growth and 

induced apoptosis and cell cycle arrest in HepG2 cells through both intrinsic and 

extrinsic pathways. The Athyrium multidentatum (Doll.) Ching upregulated the 

protein expression of Fas, Fas-L, Bax/Bcl-2, cyto-c, cleaved caspase-3 inducing 

apoptosis in HepG2 cells.(Guovauan et al., 2017) Antiapoptotic BCl-2 protein over 
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expressed has implicated in different carcinomas. The mechanism of Bcl-2 

inhibits apoptosis is considered to involved the inhibition of caspase protein.(Guo 

et al., 2014) It has been reported that apoptosis was confirmed by caspases 

activity assay as well as gene expression Bcl-2. Caspase-8, -9, and -3 activity with 

downregulation of Bcl-2 which illustrate intrinsic and extrinsic pathway in MCF7. 
The caspase-3 and 8 revealed extrinsic pathway of apoptosis and Bcl-2 is down 

regulated. In Hela cells the Bcl-2 is downregulated and activity of Caspase-9 and 

2 shown intrinsic pathway and in HepG2 shows caspase independent apoptosis. 
(Luisa et al., 2010) Yanmei et al., in his study reported that Andrographis 
paniculata on HepG2 cells based on dose-dependent increase in proapoptotic Bax 

protein and no change in antiapoptotic Bcl-2 protein in treated cells. Further 

expose to loss of mitochondrial membrane and the release of cytochrome c from 
the mitochondria to the cytosol result in the caspase-9 and caspase -3 were 

activated while caspase-8 was not affected in HepG2 cell lines. Result clearly 

point to the involvement of mitochondria-mediated signaling pathway in 

Andrographis Paniculata  induced apoptosis.(Yanmei et al., 2015) 

 

Anti apoptotic gene Bcl 2 gene prevents the initiation of apoptosis in programmed 

cell death. The Annona seed extract has higher potency against Bcl-2 which is an 
anti apoptotic gene that prevents the initiation of apoptosis.(Droin et al., 2004) 

Evidence suggest that Bcl-2 acts as a downstream death, the caspase enzymes 

may able to inactivate the Bcl-2 anti-apoptotic function further enhancing cell 

death.(Cheng et al., 1997) Andrographolide induced apoptosis in breast cancer 

cells MDA-MB- 231 lacking functional p53 and estrogen receptor.(Raghavan et al., 

2018) The cytotoxicity of andrographolide on HepG2 human hepatoma cells was 

reported. Growth of HepG2 cells was affected in induced cell cycle arrest at G2/M 
phase and a late apoptosis of the cells. In the treated cells the BAX and pro-

apoptotic gene P53 were upregulated but not other apoptotic proteins such as 

Bad, Bcl-2 and Bcl-X(L). The activity of Caspase-3 has direct effecton apoptosis 

which was enhanced by the presence of andrographolide cell death of HepG2 

indicating caspase-independent cell death. (Jieliang et al., 2007) The result of 

homogeneous polysaccharide (ATP-II), on glioma tumors induced apoptosis by 
increasing the ratio of Bax/Bcl-2 and activation of caspase-3, caspase-8, and 

caspase-9 cascade.(13)( Lei et al., 2014) Azorella compacta Phil. is an alpine 

medicinal plant the present study investigate action of Azorella compacta Phil. 
extract against human leukemia HL60 cells induced apoptosis was accompanied 

by activated/cleaved caspase-3, caspase-9 and poly(adenosine diphosphate-

ribose) polymerase. The increase in apoptosis associate with decreases of 

apoptosis inhibitor B-cell lymphoma 2 (Bcl-2), upregulation of pro-apoptotic Bcl-
2-associated X (Bax) protein and downregulation of anti-apoptotic Bcl extra large 

protein shows the anticancer activity of the extract. (Min et al., 2015) Chlorpyrifos 
induces apoptosis of QSG7701 cells with a decrease in mitochondrial membrane 

releasing of cytochrome c into cytosol upregulating the Bax/Bcl-2 and activation 

of caspase-9/-3. The result indicates the potential risk to induce apoptosis of 

human liver cells through caspase-dependent mitochondrial pathways.(Yang et 
al., 2018) This study is the first one to investigate the cytotoxic effect, the 
expression of apoptotic-related genes, and the induction of apoptosis in HepG2 

cell line after treated with ethanolic extract prepared from Andrographis 
paniculata  seed extract. 
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Material and Methods 

 

Preparation of ethanol Andrographis paniculata seed extract 
 

The Andrographis paniculata seeds were collected from local market, Avadi, Tamil 

Nadu. The seed samples were wild varieties, which are not micro or macro 

propagated by human. The seeds were identified Reg no : of the certificate : 

PARC/2020/4258 and authenticated by Dr.P. Jayaraman, Director, Plant 

Anatomy research Centre, Tambaram. The seeds of Andrographis paniculata were 

shade dried , cleaned and powdered with blender. The 50 g of powder sample of 
Andrographis paniculata seed is dissolved in 250 mL of ethanol (V/V) in a Soxhlet 

apparatus. The extracts obtained were filtered and evaporated to dryness by using 

rota evaporator and stored in refrigerator at 2-8°C. The HepG2 is purchased from 

NCCS, Pune, India. The HepG2 cells were maintained in DMEM Low Glucose 

media supplemented with 10 % FBS along with the 1% antibiotic-antimycotic 

solution and 1% L-Glutamine (200mM) in atmosphere of 5% CO2, 18-20% O2 at 

370C temperature maintained in the CO2 incubator and subcultured for every 2 

days. 
 

Cell cycle arrest study of Andrographis paniculata seed extract 

 

Cell cycle study of the Andrographis paniculata seeds extract was determined in 

HepG2cells. HepG2 cells were cultured in a 6 well plate at a density of 2 x 105 

cells/2 mL and incubated at 37°C for 24 h. After incubation, cells were treated 

with IC50 concentration of 103uG/mL with an std control with the concentration 

of 5ug/mL in 2mL of DMEM Medium with low glucose and incubate the cells for 

24 hours. After the incubation period, remove spent medium and washed cells 

with 2mL of 1X DPBS. Cells in each well were resuspended in 500 μl trypsin and 

incubate at 37°C for 3-4 minutes. Afterwards, 2 mL of culture medium was added 

and the cells were transferred directly into 12x75 mm tubes and centrifuged for 5 
min at 300 x g at 25°C (REMI R- 8C, REMI, India). Pelleted Cells were washed 

within 1 mL of phosphate buffered saline. Cells were fixed and permeabilized with 

70% of prechilled absolute ethanol for 30mins in -20oC deep freezer and again the 

cells were centrifuged to remove excess ethanol and washed with 1X DPBS and 
stain the cells with 400uL of Propidium iodide-RNAse staining buffer Solution (BD 

Biosciences,CA, USA) and incubate the cells for 20-30 mins under dark at room 

temperature and analyze the cells immediately with a Flow cytometer (BD FACS 

Calibur, BD Biosciences, CA, USA). 

 

Apoptosis study of Andrographis paniculata seed extract 
 

Apoptosis/Necrosis analysis of the Andrographis paniculata seed extract was 

determined in HepG2 cells. HepG2 cells were cultured in a 6 well plate at a 

density of 2 x 105 cells/2 mL and incubated at 37°C for 24 h. After incubation, 

cells were treated with IC50 concentration of 103uG/mL with an std control 

(Doxorubicin) with the concentration of 5ug/mL in 2mL of DMEM Medium with 

low glucose and Incubate the cells for 24 hours. After the incubation period, 
remove spent medium and washed cells with 2mL of 1X DPBS. Cells in each well 

were resuspended in 500μl trypsin and incubate at 37°C for 3-4 minutes. 
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Afterwards, 2 mL of culture medium was added and the cells were transferred 

directly into 12x75 mm tubes and centrifuged for 5 min at 300 x g at 25°C (REMI 

R-8C, REMI, India). Cells were washed within 1 mL of phosphate buffered saline. 

Cells treated with Doxorubicin served as the positive control. Add 5 μl of Annexin 
V-FITA (Fluorscein isothiocyanate) and Propidium Iodide (PI) along with 100uL of 

1X Annexin V Binding buffer and incubated the cells for 15-20mins in the 

absence of light. After the incubation period, 300uL of 1X Annexin V Binding 

Buffer and analyze the cells immediately with a Flow cytometer (BD FACS 

Calibur, BD Biosciences, CA, USA). 

 
Gene expression study of Andrographis paniculata seed extract 

 

Gene expression study of the Andrographis paniculata seed was determined in 

HepG2 cells. HepG2 cells were cultured in a 6 well plate at a density of 2 x 105 

cells/2 mL and incubated at 37°C for 24 h. After incubation, cells were treated 

with IC50 concentration of 103uG/mL along with cell control an Std Control with 
the concentration of 5ug/mL in 2mL of DMEM Medium with low glucose and 

incubate the cells for 24 hours. After the incubation period, remove spent 

medium and washed cells with 2mL of 1X DPBS. Cells in each well were 

resuspended in 500 μl trypsin and incubate at 37°C for 3-4 minutes. Afterwards, 

2 mL of culture medium was added and the cells were transferred directly into 

12x75 mm tubes and centrifuged for 5 min at 300 x g at 25°C (REMI R-8C, REMI, 
India). Pelleted Cells were washed within 1 mL of phosphate buffered saline. 

Extraction of total cellular RNA from HepG2 cells was carried out using RNeasy 

Mini kit (Cat No: 74106, Qiagen) as per manufacturer instructions. Treated with 

DNAse and purified. This is done to avoid genomic DNA contamination. RNA 

quantified by UV-Vis using Qiaexpert. Quality checked by 260/280. Quality is 

good (1.8 to 2). RNA was also run on agarose gel. Ladder used is Lambda 
HindIII/EcoRI. 

 

Results 

 

Cell cycle arrest study of Andrographis paniculata seed extract against the 
HepG2 cell line by Flow Cytometry 

 

In this study, the experiments focused on investigating the response of 

Andrographis paniculata seed of IC50 concentration of 103.03µG/mL respectively 

against the HEPG2cell lines. The % of cells arrested at Sub g0/G1, g0/G1, S and 

G2/M phases of the cell cycle are summarized in Table 1. Doxorubicin with the 
concentration of 5ug/mL is used as a standard in these experiments. Cell Cycle 

study was evaluated by Flow Cytometry to check the stages of cell cycle arrest and 

the obtained results by Flow Cytometry as follows: 

 

Table 1: Percentage of Cells in different cell cycle stages Vs HepG2 cell line 

 

% of cells in different cell cycle stages vs HepG2 

Sl No Cell Cycle 
stage 

Untreated Standard Andrographis 
paniculata 

seed extract 
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1 Sub G0/G1 0.93 7.6 0.59 

2 G0/G1 70.24 51.04 59.68 

3 S 2.97 4.64 6.72 

4 G2/M 25.29 36.97 31.5 

Total Events Selected per each group -10000 

 

Table: 1 shows the % of cells get arrested in the different stages of HepG2cell 

cycle. In Sub G0/G1 phase (Apoptotic phase), 0.93%, 7.6%, and 0.59% of cells get 

arrested in Untreated, Standard and Andrographis paniculata seed with IC50 

concentration respectively. In G0/G1 phase (Growth Phase), 70.24%, 51.04%, 

and 59.68% of cells get arrested in Untreated, Standard and Andrographis 

paniculata seed with IC50 concentration respectively. In S phase (synthetic 

phase), 2.97%, 4.64%, and 6.72% of cells get arrested in Untreated, Standard and 

Andrographis paniculata seed extract with IC50 concentration respectively. On the 

other hand, in G2/M phase, 25.29%, 36.97%, and 31.5% of cells get arrested in 

Untreated, Standard and Andrographis paniculata seed extract with IC50 

concentration respectively. 
 

The cells treated with std control and Andrographis paniculata seed extract with 

IC50 concentration are showing high % of cells at G2/M stage arrest, when 
compared to untreated cells. Hence the cell cycle got arrested at G2/M stage. 

Extract exhibiting prominent Cell Cycle phase arrest similar to the std Control, 

doxorubicin on HepG2cells. 

 

 
Figure 1 : Overlay showing the % of cells get arrested in the different stages of 

HepG2 cell cycle. 
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Figure 2: Flow cytometric histograms showing the phases of cell cycle distribution 

in the HepG2cell line treated with Andrographis paniculata seed extract, extract 

with IC50 concentration and standard drug, doxorubicin at 10ug/mL 

concentration compared to the Untreated control. (A-Cell Control, B –Std control, 

C- Andrographis paniculata seed extract) 

 

Apoptosis study of Andrographis paniculata seed extract against the HepG2 

cell Line by Flow Cytometry 

 

The anticancer activity of the Andrographis paniculata seed is evaluated to 
analyse the apoptosis effect on HepG2 cell lines. The concentrations of the 

Andrographis paniculata seed used to treat the cells are given in Table 2. Annexin 

V and PI staining are used to examine possible induction of cell death (necrosis 

and/or apoptosis). PI is membrane impermeant it does not pass through intact cell 

membranes and are excluded from viable cells. Annexin-V is used as a probe to 

detect cells that have expressed phosphatidylserine on the cell surface, an event 
found in apoptosis as well as other forms of cell death. After staining the green 

stain represents Annexin V and Pink stain represents Propidium iodide. 

 

Table 2: Concentration of the Andrographis paniculata seed extract 

 

S.No Test Compounds Cell line Concentration treated to cells 

1 Untreated HepG2 No treatment 

2 Standard 
(Doxorubicin) 

HepG2 10ug/mL 

3 Andrographis 
paniculata seed 

extract 

HepG2 IC50-103.03ug/mL 
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Figure 3: % of live, apoptosis and necrotic HepG2 cells treated with culture 

medium alone (Untreated), Doxorubicin and Andrographis paniculata seed 

extract. 
 

 
Figure 4: Flow cytometric histograms apoptosis distribution in the HepG2cell line 

treated with Andrographis paniculata seed extract 

 

Gene expression Study of Andrographis paniculata seed extract against the 

HepG2 cell Line 

 
To accurately and reliably determine gene expression values, raw fluorescence 

data (Ct values) generated by the real- time PCR instrument (Qiagen). The 
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following formula could be applied to generate relative quantities: ∆Ct = Average 

Ct of extract sample - Average Ct of calibrator. Relative expression is a variation of 

the expression of a gene between two samples. The Relative quantification (RQ) 

value is the fold change compared to the calibrator (untreated sample, time zero, 
etc.). The calibrator has a RQ value of 1. If any values exceed RQ 1 the gene is 

said to be up regulated otherwise down regulated. All samples are compared to 

the calibrator. 

 

Table 3 : Gene expression study of Andrographis paniculata seed extract against 

the HepG2 cell Line 
 

 Bcl-2 Bax Caspase-3 Caspase-8 

Untreated 0 0 0 0 

Standard control -0.7206 + 0.10 0.8790 + 0.14 2.1492 +0.17 1.8679 +0.26 

Andrographis 
paniculata seed 

extract 

-0.4947 +0.13 0.1850 +0.11 0.8921 +0.09 1.0994 +0.25 

 

Values were expressed as Mean ± Standard deviation for triplicates 

 

Table 3 shows the normalized fold change (mRNA expression) values of Bcl-2, 
Bax, Caspase-3 and Caspase-8 in Untreated, Std and Andrographis paniculata 
seed extract treated inHepG2 cells. Beta actin was used as a internal control for 

the study. 

 

 
Figure 5 : Relative mRNA expression of Bcl-2, Bax, caspase-3, Caspase-8 in 

Untreated, Standard and Andrographis paniculata seed extract treated HepG2 

cells 

 

Discussion 
 

In previous study by Tawit Suriya et al., 2014 reported that ethanolic extract of 

Andrographis paniculata leaf extract showed increased cell arrest at G0/G1 and 
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G2/M o phases in HepG2 and bile duct (HuCCA-1 and RMCCA-1) cells .Thus 

concluding that Andrographis paniculata to be a promising plant for treatment of 

Cholangiocarcinoma. The present anticancer study illustrated that the ethanol 

extract of Andrographis paniculata seeds showed significant cell inhibition after the 

treatment period of 24 hrs at IC50 concentration of 103 µg/mL against HepG2 

cell lines showing high % of cells at G2/M stage arrest, compared to untreated 
cells. 

 

In existing study, (Nida Nayyar et al., 2014 ) the Portulaca oleracea (PO) and 

Petroselinum sativum (PS) extracts showed anticancer activity on HepG2 cell 

when exposed with 5-500 μg/mL, result showed significant reduced in cell 

viability in both extract. HepG2 cell exposed with 50 μg/mL and higher 
concentration of PO and PS lost their typical morphology. The result revealed that 

the extract showed cytotoxic and HepG2 activities showed high due the presence 

of secondary metabolites such as phenols, flavonoids, alkaloids and glycosides. 

The present study illustrates that the ethanol extract of Andrographis paniculata 
seeds showed the significant cytotoxicity activity against HepG2 cells, which 

results in decrease in viability of cells. The findings showed that the ethanol 
extract was found to poses high flavonoid content which can also be one of the 

reason for the cytotoxic activity on the hepG-2 liver cancer cells. (Sahabjada 

Siddiqui et al., 2019) evaluated that the ethanol extract of extract of Ajwa date 
pulp induced apoptosis on HepG2 cells showed significant dose and time 

dependent inhibition of HCC cell growth. Ajwa date pulp extract induced 

elevation of S and G2/M phases of cell cycle and proportionally decreases in 

the percentage of cells in G0/G1 phase inducing apoptosis in HepG2. In the 

present study, the ethanol extract of Andrographis paniculata seed showed 

significant cytotoxicity activity against HepG2 cells and IC50 concentration show 

high % of cell arrest at G2/M stage arrest which similar to the std control 
doxorubicin on HepG2 cells. 

 

Kim in his study reported that Andrographile found to be activate proapoptotic 

Bcl-2 family in human leukemia HL-60 cells the same has been reported in our 

study that Andrographis paniculata seed extract exhibits apoptosis by down 

regulation Bcl-2. (Kim et al., 2005) In Yanmei et al., in his study reported that 

Andrographis paniculata extract on HepG2 increases Bax protein and no change 
in antiapoptotic Bcl-2 protein in treated cells. Loss of mitochondrial membrane 

result in caspase-9 and caspase -3 were activated while caspase-8 was not 

affected in HepG2 cell lines compared to our present study Bax , caspase-3 and 

caspase-8 act as proapoptotic gene and the BCL-2 protein activate as 

antiapoptotic gene.(Yanmei et al., 2015) Another study Luisa (20) has reported 

that Apoptosis was confirmed by caspases activity assay as well as gene 

expression Bcl-2. Caspase-8, 9, and 3 activity with downregulation of Bcl-2 which 
illustrate intrinsic and extrinsic pathway in MCF-7, same has been reported in 

reverse way in our present study that Andrographis paniculata seed extract 

obtained result suggested the Bax, Caspase-3, Caspase-8 genes was up regulated 

in treated groups and Bcl-2 is down regulated in treated groups.(Luisa et al, 2010) 
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Conclusion 
 

The present study is the first to demonstrate the anti-cancer properties of 

Andrographis paniculata seed extract to have potent cytotoxic activity against 

HepG2 cells. A significant increase in cytotoxicity were recorded with increase 
concentration of the Andrographis paniculata seed extract. The cells treated with 

standard and Andrographis paniculata seed extract with IC50 concentration are 

showing high % of cells at G2/M stage arrest, when compared to untreated cells. 

Hence the cell cycle got arrested at G2/M stage accompanied by induction of 

apoptosis through both extrinsic and intrinsic apoptosis pathways. The obtained 

results suggest that relative gene expression level of Bax, Caspase-3, Caspase-8 

genes was up regulated in treated groups compared to untreated group and other 

gene, Bcl-2 is down regulated in treated groups compared to untreated group. 
Beta actin was used as internal control in the current study. The result of our 

study suggest that Andrographis paniculata seed extract suppress HepG2 cell 

proliferation, induces cancer cell apoptosis and inhibits cancer cell growth. 

 

Acknowledgement 

I am thankful to the Department of Biochemistry, School of Lifesciences (VISTAS) 
for providing me the necessary facilities to publish my research paper. 

 

References 

 

1. Cheng E.H. Kirsch D.G., Clem R.J. Ravi R, Kastan M B, Bedi A., Ueno K., 
Hardwick J M. (2007).Caspases, especially caspase- 3, are known to act 

downstream of Bax/Bcl-2 control and play a key role in the execution of 

apoptosis. conversion of Bcl-2 to a Bax-like death effector by caspases. 

Science., 278: 1966-1968. 

2. Droin, N. M. & Green, D. R. (2004). Role of Bcl-2 family members in 

immunity and disease. BBA., 1644, 179–188. 
3. Guo, R., Overman, M., Chatterjee, D., Rashid, A., Shroff, S., Wang, H. 

Matthew H. Katz., Jason b Fleming, Gauri R.. (2014). Aberrant expression of 

p53, p21, cyclin D1, and BCL2 and their clinicopathological correlation in 

ampullary adenocarcinoma. Hum. Pathol., 45, 1015–1023. 

4. Guoyuan Qi, Zhigang Liu, Rong Fan, ziru Yin, Yashi Mi, Bo Ren and Xuebo 
Liu. (2017). Athyrium multidentatum (Doll.) Ching extract induce apoptosis 

via mitochondrial dysfunction and oxidative stress in HepG2 cells. Nature 

Scientific Reports . Nature Scientific Reports . 23;7(1):2275. 

5. Jieliang Li, uHon-Yeung Cheung, Zhiqiang Zhang. (2007). Andrographolide 

Induces Cell Cycle Arrest at G2/M Phase and Cell Death in HepG2 Cells via 

Alteration of Reactive Oxygen Species. European Journal of Pharmacology., 
568(1-3):31- 44. 

6. Kim Y. S. MilnerJ. A. (2005). Targets for indole-3-carbinol in cancer 

prevention. J. Nutr. Biochem., 16(2):65-73. 

7. Lei Du , Hai-Feng Mei, Xue Yin, Yi-Qiao Xing. (2014). Delayed growth of 

glioma by a polysaccharide from Aster tataricus involve upregulation of 
Bax/Bcl-2 ratio, activation of caspase-3/8/9, and downregulation of the Akt. 

Tumor Biol.,35(3):1819-25. 

8. Luisa De Martino, Gabriella Marfé, Mariangela Longo, Filomena Fiorito, 

Serena Montagnaro, Valentina Iovane, Nicola Decaro, and Ugo Pagnini. 



 

 

 

11859 

(2010) Bid cleavage, cytochrome c release and caspase activation in canine 

coronavirus- induced apoptosis. Vet Microbiol., 24; 141(1): 36–45. 

9. Min Hee Sung, Ok-Kyoung Kwon, Sei-Ryang Oh. (2015). Azorella compacta 
methanolic extract induces apoptosis via activation of mitogen-activated 

protein kinase., Mol Med Rep. 12(5):6821-8. 

10. Nida Nayyar Farshori , Ebtesam Saad Al-Sheddi, Mai Mohammad Al-Oqail, 

Javed Musarrat, Abdulaziz Ali Al- Khedhairy, Maqsood Ahmed Siddiqui. 

(2014) Cytotoxicity assessments of Portulaca oleracea and Petroselinum 

sativum seed extracts on human hepatocellular carcinoma cells (HepG2). 
Asian Pac J Cancer Prev..15(16):6633-8. 

11. Raghavan R, Cheriyamundath S, Madassery J. (2018). Exploring the 

mechanisms of cytotoxic and anti-inflammatory property of andrographolide 

and its derivatives. Phcog Rev., 12:56-65. 

12. Ratnawati, I. G. A. A., Suandayani, N. K. T., & Sutapa, G. N. (2019). The 
linearity of x-ray devices radiation output and its relationship with patient 

thickness. International Journal of Physical Sciences and Engineering, 3(3), 1–

6. https://doi.org/10.29332/ijpse.v3n3.351 

13. Sahabjada Siddiqui, Rumana Ahmad, Mohsin Ali Khan, Shivbrat Upadhyay, 

Ishrat Husain, and Anand Narain Srivastava. (2019). Cytostatic and Anti-

tumor Potential of Ajwa Date Pulp against Human Hepatocellular Carcinoma 
HepG2 Cells. Scientific reports. Sci Rep.  9: 245. 

14. Sriram Rajagopal , R Ajaya Kumar, Dhanvanthri S Deevi, Chitkala 

Satyanarayana, R Rajagopalan. (2003). Andrographolide, a potential cancer 

therapeutic agent isolated from Andrographis paniculata. J Exp Ther 

Oncol.,3(3):147-58. 

15. Sukardiman, Harjotaruno, Aty Widyawaruyanti , Sismindari, Noor Cholies 
Zaini.(2007). Apoptosis inducing effect of andrographolide on td-47 human 

breast cancer cell line. Afr J Tradit Complement Altern Med.,16;4(3):345-51. 

16. Suryasa, I. W., Rodríguez-Gámez, M., & Koldoris, T. (2021). Health and 

treatment of diabetes mellitus. International Journal of Health Sciences, 5(1), 

i-v. https://doi.org/10.53730/ijhs.v5n1.2864 

17. Tawit Surivo, Nanthanit Pholphana, Nuchanart Rangkadilok, apinya 
Thiantanawat, Piyajot Watcharaasit,, Jutamaad Satayavivad. (2014). 

Andrographis paniculata Extracts and Major Constituent Diterpenoids Inhibit 

Growth of Intrahepatic Cholangiocarcinoma Cells by Inducing Cell Cycle 

Arrest and Apoptosis. Planta Med., 80(07):533- 543(2014). 

18. Thaib, P. K. P., & Rahaju, A. S. (2022). Clinicopathological profile of clear cell 

renal cell carcinoma. International Journal of Health & Medical Sciences, 5(1), 
91-100. https://doi.org/10.21744/ijhms.v5n1.1846 

19. Yang Zhang, Yuansen Chang, Haijing Cao, Wenping Xu. (2018). Potential 

threat of Chlorpyrifos to human liver cells via the caspase-dependent 

mitochondrial pathways. Food and agricultural immunology., 29:294-301. 

20. Yanmei Zou, Hua Xiong, Huihua Xiong, Tao Lu, Feng Zhu, Zhiyong Luo, 
Xianglin Yuan, Yihua Wang. (2015). A polysaccharide from Andrographis 

paniculata induces mitochondrial-mediated apoptosis in human hepatoma 

cell line (HepG2).Tumor Biol.,36(7):5179-86. 

21. Yunos NM, Mutalip SS, Jauri MH, Yu JQ, Huq F. (2013). Anti-proliferative 

and pro-apoptotic effects from sequenced combinations of andrographolide 

and cisplatin on ovarian cancer cell lines. Anticancer Res.,33(10):4365-71. 
 


