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INTRODUCTION
Cancer disease has been a significant global health 
issue for humans over time. The expansion of 
research into the concept of expanding available 
treatment options is remarkable. Patients are 
frequently diagnosed with lung cancer, breast 
cancer, prostate cancer, and colon cancer, among 
others.1 This study focuses on prostate cancer 
because of its severity and the significant rise in 
male cases diagnosed in recent years. Although 
there are treatment options for prostate cancer, 
more research is required to improve the 
treatment's efficacy and decrease its side effects. 
Chemotherapy, radiotherapy, surgery, monoclonal 
antibody therapy, and targeted therapy are the 
current treatment options for prostate cancer.2 
In the present study, a type of targeted therapy is 
evaluated in the PC-3 prostate cancer cell line. The 
PC-3 cancer cell line is an androgen-independent, 
aggressive form of the prostate cancer cell line.

Targeted therapy is a treatment that employs a 
compound or drug to target specific molecules that 
contribute to the progression of cancer, resulting in 
molecularly targeted therapies.3 Andrographolide 
is the compound of interest in this investigation. 

Andrographolide is derived from Nees, also 
known as Andrographis paniculata. This substance 
has been used in traditional medicine due to its 
numerous medicinal properties. Andrographolide's 
pharmaceutical benefits include anti-inflammatory, 
anti-viral, anti-microbial, and significant anti-
cancer effects.4 Numerous studies on the activity 
of andrographolide on various cancers, including 
lung cancer, breast cancer, colon cancer, and brain 
cancer, have been conducted.5 However, more 
research is needed to clarify the anticancer effects of 
andrographolide against prostate cancer.

Several in vitro studies on this compound have been 
conducted to test its anticancer effects. Previous 
studies have reported that andrographolide induces 
apoptosis via inhibition of breast cancer's growth 
as well as possessing higher nuclear DNA damage.6 
In another study, the cervical and neuroblastoma 
cells showed significant tumour inhibition during 
andrographolide treatment via apoptosis induced 
by the Bax gene. Colorectal cancer cells have also 
exhibited downregulation of glycolysis, which causes 
disruption in the PI3K-AKT-mTOR pathway when 
they are treated with andrographolide.7 Besides, 
andrographolide has also displayed its ability to 
combat the progression of human osteosarcoma cells 
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as well as cervical cancer cells via the inhibition of cell proliferation, 
migration, and aoptosis.8,9

In the present study, the andrographolide compound was evaluated 
against the PC-3 cancer cell line. This is to increase knowledge of 
andrographolide's effectiveness as a prostate cancer progression 
inhibitor. This study emphasised the use of three different concentrations 
of andrographolide, including the half-LC50 value, which has never 
been done with this compound. The purpose of this experiment is 
to determine whether a lower concentration is capable of exhibiting 
comparable inhibition activity on the PC-3 cancer cell line. In addition, 
metastasis is a significant factor in the progression of disease; therefore, 
it has been studied using scratch assays and transwell invasion assays. 
Besides, caspase-mediated apoptosis is an important pathway that 
could be utilised to combat the progression of this disease. According 
to previous research, the activity of several caspases, including caspases 
3, 8, and 9, has been found to be downregulated in prostate cancer 
cells.10 In addition, the involvement of caspases 8 and 9 indicates that 
both extrinsic and intrinsic pathways leading to apoptosis have been 
disrupted.11 Thus, the caspase assay is used to determine the activity 
of caspase in PC-3 cancer cells following andrographolide treatment. 
Additionally, cytotoxicity analysis and the detection of DNA damage 
in single cells have been conducted.

MATERIALS AND METHODS

Materials

List of reagents, list of equipment and list of cell lines are shown in 
tables 1 and 3.

Phosphate Buffer Saline (PBS): One-time PBS (Thermo Fisher 
Scientific, USA) was prepared by dissolving one tablet in 500mL of 
distilled water (dH2O) for cell culture work.

Complete media: Dulbecco’s Modified Eagle’s Medium (DMEM; 
Thermo Fisher Scientific, USA) was supplemented with 10 % of 

Fetal Bovine Serum (FBS; Thermo Fisher Scientific, USA) and 1% of 
Penicillin-Streptomycin (Nacalai Tesque, Japan).

Fixation solution: Fixation solution was prepared in the ratio of 1:7 
(acetic acid: methanol) by combining 10 ml of acetic acid and 70 ml of 
methanol to obtain a total volume of 80 ml.

Lysis solution: The preparation of lysis solution was done by mingling 
the 30 mL lysis solution (TRIVEGEN, Bio-Techne: USA) together with 
3 mL of DMSO.

Staining solution: Staining solution with the ratio of 0.5% of crystal 
violet to 25 % methanol was prepared by dissolving 0.25 g of crystal 
violet with 12.5 mL of DMSO.

Alkaline Unwinding Solution (AUS): Alkaline Unwinding Solution 
(AUS; 200 mM of NaOH, 1 Mm EDTA), pH > 13, was conditioned by 
mixing 0.4 g of NaOH pellets in 250 µl of 200 mM EDTA (TRIVEGEN, 
Bio-Techne: USA) 49.75 µl of dH2O.

Alkaline electrophoresis solution: Alkaline Electrophoresis Solution 
(AES; 200 mM NaOH, 1 mM EDTA), pH > 13 was prepared by 
dissolving 16 g of NaOH pellets with 4 mL of 500 mM EDTA, pH 8 and 
dH2O is added 1L is reached.

Ethidium bromide: Ethidium Bromide (EtBr; 20 µg/mL, stock 
solution) was prepared by mixing 28 µl of stock EtBr in 336 µl of DMSO.

Andrographolide: Andrographolide–98% (Sigma Aldrich (USA)) 
was prepared by dissolving 0.354 g of Andrographolide stock solution 
in DMSO to achieve a 100 mM concentration. Later, this solution 
was prepared by dissolving in the normal medium according to the 
concentration required.

Methods
Cell culture and treatment: PC-3 cells were cultured in DMEM 
medium (ATCC, Manassas, VA) supplemented with 10% US-qualified 
fetal bovine serum (FBS) (Invitrogen, Grand Island, NY). RWPE-

Reagents Manufacturer Catalog Number
GibcoTM Phosphate Buffer Saline (PBS) Thermo Fisher Scientific (USA) 18912-014
GibcoTM Fetal Bovine Serum (FBS) Thermo Fisher Scientific (USA) A4766801
GibcoTM Dulbecco’s Modified Eagle’s Medium Thermo Fisher Scientific (USA) 11885084
Dimethyl Sulfide (DMSO) Sigma Aldrich (USA) D8418
Andrographolide – 98 % Sigma Aldrich (USA) 365645
Cell Proliferation Reagent WST-1 Roche Diagnostics 5015944001
EDTA (200 mM) TREVIGEN, Bio-Techne (USA) 4250-050-K
Lysis Solution TREVIGEN, Bio-Techne (USA) 4250-050-K
Comet Slide TREVIGEN, Bio-Techne (USA) 4250-050-K
Penicillin-Streptomycin Thermo Fisher Scientific (USA) 15140122
Trypsin Thermo Fisher Scientific (USA) 25200056

Table 1: List of reagents. 

Equipment Brand Models; Serial Numbers

Inverted Microscope Meiji Techno. Binocular Inverted Brightfield 
Biological Microscope (Japan) Meiji TC5100; 1035

Electrophoresis unit tank Thermo Scientific; Owl TM Easy Cast B1 Mini Gel 
Electrophoresis Systems (USA) 7309;170615-1781

High speed centrifuge Sigma 3-16 KL (Germany) 3-16PK; 133579

Incubator NuAire US Autoflow Automatic CO2 Incubator 
(USA) NU-4750E; 132274081109

Class II, Biological Safety Cabinet NuAire LabGard ES Class II Biological Safety Cabinet NU-425-400E; 125081011210
Micro-plate reader spectrophotometer Thermo Scientific Multiskan Spectrum (USA) NP-BP1KOE; 639B01894

Fluoroscence Microscope ZEISS Axio Observer 1 Inverted Phase Contrast 
Fluorescence Microscope (Germany) Axio Observer Z1; 3834002524

Table 2: List of equipment.
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Name of cell line Origin / Cell Type Supplier Product ID Media

PC-3 Prostate epithelial cancer cell American Type Culture 
Collection (USA) CRL-14345 DMEM

Hs27 Foreskin/Normal human 
fibroblast cell

American Type Culture 
Collection (USA) CRL-1634 DMEM

Table 3: List of cell lines.

Cell Line [Andrographolide]
LC 50 values
24 hours 48 hours 72 hours

PC-3 64.98 ± 9.51 μm 26.42 ± 1.52 μm 63.68 ± 2.16 μm
HS 27 77.20 ± 11.04 μm 85.63 ± 14.38 μm 83.10 ± 21.80 μm

[Docataxel]
LC 50 values

PC-3 50.78 ± 4.99 μm 11.06 ± 0.087 μm 9.569 ± 0.521 μm

Table 4: The (A) half-maximal lethal concentration (LC 50) values for PC-3 and RWPE-1 cells after treated with andrographolide (B) the half maximal 
lethal concentration (LC 50) values for PC-3 cells after treated with docetaxel were estimated using nonlinear regression approximations in GraphPad 
Prism 8.0.1 (GraphPad software, Inc, San Diego, CA).

Before Incubation After Incubation (48 hours)

(a) 

  

(d)

 

(b)

  

(e)

  

(c)

  

(f)

Table 5: Shows the cell migration of PC3 cells treated with different concentration of andrographolide: (a), (d) 0 µM (as the control), (b), (e) 13.2 µM 
(half LC 50 value) and (c), (f) 26.4 µM (LC 50 value). Analysis was done using image J software.
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INVADED CELL UNDER PHASE CONTRAST MICROSCOPE

(a)  

(b)  

(c) 

Table 6: Shows the cell invasion of PC3 cells treated with different concentration of andrographolide: (a) 0 µM (as the control), (b) 13.2 µM (half LC 50 
value) and (c) 26.4 µM (LC 50 value). Analysis was done using image J software.

PC-3 cell without andrographolide treatment

PC-3 cell after 
andrographolide treatment

HEAD

TAIL

HEAD

Table 7: Shows the visualization of cells stained with Ethidium Bromide, after 48 hours of treatment with different concentration under fluorescent 
microscope.
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GROUP PARAMETER n 0 μM 13.21 μM 26.42 μM
HeadArea 50 581.66 2046.31 1024.8
TailArea 50 22.66 390.82 588.08
HeadDNA 50 98.25 171.88 78.92
TailDNA 50 0.83 12.33 24.08
HeadDNA% 50 99.15 93.40 77.84
TailDNA% 50 0.71 6.60 22.16
HeadRadius 50 13.18 21.65 16.14
TailLength 50 3.16 8.47 16.16
CometLength 50 30.52 52.31 49.43
HeadMeanX 50 36.49 57.63 52.26
TailMeanX 50 50.67 77.01 70.23
TailMoment 50 0.02 0.67 5.52
OliveTailMoment 50 0.11 1.30 4.55

Table 8: Shows the details of alkaline comet assay analysis on prostatic cancer cell line PC3 with various concentrations of andrographolide which is 
Control (0 μM), Half LC 50, (13.21 μM) and LC 50 (26.42 μM) obtained from CaspLab software.

Figure 1: The bar graph above illustrates the percentage of cell viability of PC-3 cells treated with different concentration of andrographolide (0-200 µM) 
on (a) PC-3 cell line, (b) HS 27 cell line, for three different timelines which are 24 hours, 48 hours and 72 hours and (c) illustrates the percentage of cell 
viability of PC-3 cells treated with different concentration of docetaxel (0-200 µM) on PC-3 cell line, for three different timelines which are 24 hours, 48 
hours and 72 hours . The results were analyzed using the GraphPad Prism 8.0.1 (GraphPad software, Inc, San Diego, CA). Data above was expressed as 
mean ± SEM from 3 independent experiments. ****P < 0.00001 as compared to control, ***P < 0.0001 as compared to control. **P < 0.001 as compared 
to control.

Figure 2: Shows the bar chart for migration rate of PC3 cells treated with different concentration of andrographolide, 0 µM (as the control), 13.2 µM (half 
LC 50 value) and 26.4 µM (LC 50 value). The results were analyzed using the GraphPad Prism 8.0.1 (GraphPad software, Inc, San Diego, CA). Data above was 
expressed as mean ± SEM from 3 independent experiments. **P < 0.01 as compared to control. 
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Figure 3: Shows the bar chart for invasion rate of PC3 cells treated with different concentration of andrographolide, 0 µM (as the control), 13.2 µM (half LC 
50 value) and 26.4 µM (LC 50 value). The results were analyzed using the GraphPad Prism 8.0.1 (GraphPad software, Inc, San Diego, CA). Data above was 
expressed as mean ± SEM from 3 independent experiments. ****P < 0.0001 as compared to control.

Figure 4: Shows the bar chart for percentage of DNA in tails of PC3 cells treated with different concentration of andrographolide, 0 µM (as the control), 
13.2 µM (half LC 50 value) and 26.4 µM (LC 50 value). The results were analyzed using the GraphPad Prism 8.0.1 (GraphPad software, Inc, San Diego, CA). 
Data above was expressed as mean ± SEM from 3 independent experiments. ****P < 0.0001 as compared to control.

Figure 5: Shows scatter plot obtained from apoptosis analysis in PC3 cells treated with different concentration of andrographolide, (a) 0 µM (as the 
control), (b) 13.2 µM (half LC 50 value) and (c) 26.4 µM (LC 50 value).
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Figure 6: Shows the bar chart of the rate of apoptosis in PC3 cells treated with different concentration of andrographolide, 0 µM (as the control), 13.2 µM 
(half LC 50 value) and 26.4 µM (LC 50 value). 

Figure 7: Shows the bar chart of (a) caspase 3 (b) caspase 8 and (c) caspase 9 activity in PC-3 cells treated with different concentration of andrographolide, 
0 µM (as the control), 13.2 µM (half LC 50 value) and 26.4 µM (LC 50 value). The results were analyzed using the GraphPad Prism 8.0.1 (GraphPad software, 
Inc, San Diego, CA). Data above was expressed as mean ± SEM from 3 independent experiments.

1 cells were cultured in Eagle’s minimum essential medium (ATCC, 
Manassas, VA) supplemented with 10% US-qualified fetal bovine 
serum. All cells were cultured in a cell culture incubator with 5% CO2 
at 37°C. Andrographolide was dissolved in dimethyl sulfoxide (DMSO) 
to make stock solutions of 100 mM.

Anti-cell proliferation assay: Effects of andrographolide on prostate 
cancer cells (PC-3) viability were determined with a “(WST-1 Assay, 
Roche). Cells (1 x 104 cells / well) were seeded into 96-well plates 
and incubated overnight before being treated with 0 to 200 μM 
andrographolide in triplicates for 24 h, 48 hr and 72 hr with DMSO as 
solvent control. After removing the medium, cells were washed with 
phosphate buffered saline (PBS), and then 10µl of WST-1 was added 
into the wells that contain treated cells. Cells were incubated at 37°C 
for 4 h according to manufacturer’s instructions and measured for 
optical density (OD) values at 540 nm. Cell viability was expressed as a 
percentage of control from three independent experiments.

Scratch assay: Cells were plated in 6-well plate and allowed to form 
a confluent monolayer. The cell-surface was scratched using 1000 µl 
pipette tip. Cells were allowed to fill the scratched area and monitored 
over the course of 48 hours. Images were taken using a microscope. 
Cell migration was quantified by using the wound closure formula 
measuring the distance between the migrating cells.

Transwell invasion assay: Invasion assay has been carried out using 
transwell assay method. Transwell chambers with polycarbonate 
membranes (8-μm pores, Costar, CA) in 24-well culture plates were 
coated with Matrigel diluted in serum-free Dulbecco’s modified 
Eagle’s medium (DMEM) and incubated at 37 °C overnight. A 300-
μL suspension of 60000 cells with andrographolide treatment layered 
to the upper compartment of the transwell chambers and cultured for 
a further 48 h at 37 °C with serum-free DMEM. Then, the cells were 
motile and invaded through the Matrigel membrane into the lower 
chamber. The medium from the lower chambers are removed and the 
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cells are fixed and permeabilized using cold methanol. The methanol 
is allowed to incubate for 10 minutes before removing by manual 
aspiration. Later, 500 µl of diluted crystal violet is added for staining 
purpose and incubated for 30 minutes. The inserts are then washed and 
allowed to dry before quantification. 

Quantification of invaded cells: The 400 µl of acetic acid was diluted 
and added into the insert. The eluent from the lower chamber was 
transferred to 96-well clear microplate and the absorbance at 590 nm 
was measured.

Comet assay: The neutral comet assay was performed according 
to manufacturer protocol (Trevigen #4250-050-K) followed by the 
staining using ethidium bromide staining. In detail, after the treatment 
of andrographolide on PC-3 cells, the cells are placed one agarose gels 
on comet slides and used for single-cell electrophoresis and DNA 
precipitation. Later, the gel slides were stained using diluted ethidium 
bromide for better observation under fluorescence microscope. The 
slides were observed immediately after staining for efficient results. 
The comet tail and head percentage of the cells are analysed using CasP 
analyser.

Apoptosis assay: PC-3 cells are treated with andrographolide 
concentration before the apoptosis assay is carried out. The cells are 
then centrifuged to obtain cell pellet which is resuspended with 1 X 
Annexin Binding Buffer (AVBB). The cell suspension is transferred to 
round bottom culture tube followed by the addition of 5 ul of Annexin 
V-Fitc and 5 ul of PI staining in the tube. The tubes are gently mixed 
followed by the incubation in the dark at room temperature for 15 
minutes. Then, the AVBB is added into the tubes to stop the reaction 
and kept on ice followed by the apoptosis analysis using flow cytometer.

Caspase assay: The cells are seeded in 96-well plate at the confluency 
of 5000 cells/well. The PC-3 cells are allowed to incubate overnight 
before treated with andrographolide concentration. After 48 hours of 
incubation of andrographolide treated cells, the activity of caspases 
3,8 and 9, is measured using the Caspase 3, 8 and 9 Multiplex Activity 
Assay Kit. Add 100 μL/well of Caspase assay loading solution without 
removing media containing andrographolide treatment. The plate is 
incubated at room temperature 30-60 minutes, protected from light. 
The fluorescence is identified using the fluorescence microplate reader 
at the specific wavelengths; Caspase 3: Ex/Em = 535/620 nm (red), 
Caspase 8: Ex/Em = 490/525 nm (green) and Caspase 9: Ex/Em = 
370/450 nm (blue). The bar graph of fold change between the treated 
and control cells are plotted.

RESULTS

Andrographolide reduces the viability of cells in PC-3 
cells
The anti-proliferative ability of the prostate cancer cells has been 
evaluated in this study using the PC-3, which was then treated with 
various concentrations of andrographolide treatment ranging from 
200 uM to 3.125 uM. The effects of treatment have been evaluated 
within three different timelines, which include 24 hours, 48 hours, 
and 72 hours. The PC-3 cells showed a positive concentration-
dependent activity upon the treatment of andrographolide for all 
three timelines. The highest anti-proliferative activity was observed at 
the highest treatment concentration, which is 200 uM. However, the 
effect of andrographolide was not time-dependent on PC-3 cells, in 
which higher anti-proliferative activity has been recorded at 48 hours 
compared to 72 hours of treatment incubation. Hence, the viability of 
the cells was lowest during the 48-hour incubation of PC-3 cells with 
andrographolide treatment. The LC50 value calculated in this study 
indicates 26.42 uM at 48 hours of andrograpolide treatment. The 
cytotoxicity of andrographolide was tested on the HS 27 cell line in 

order to determine the effect of andrographolide on normal cells. The 
results showed that the andrographolide has a very low effect on HS 
27 cells, indicating that the andrographolide compound is not toxic to 
normal cells.

Andrographolide suppresses the PC-3 cells to undergo 
angiogenesis
The Scratch assay was used to determine the migration ability of 
PC-3 cells, and the results showed that andrographolide is capable 
of inhibiting the migration of PC-3 cells. Andrographolide showed 
a higher inhibitoron rate in the migration of PC-3 when the cells are 
treated for 48 hours with the LC50 concentration. The PC-3 cells treated 
with 26.42 Um (LC50 concentration) showed a higher inhibition rate 
compared to 13.21 uM (half LC50 concentration) followed by 0 Um 
(served as control). The rate was determined according to the wound 
closure rate in which it was the highest for the LC 50 concentration 
of andrographolide, which is approximately 1.56 % compared to 
cells not treated with andrographolide, which is about 76.6%. In 
addition, similar results were obtained when the invasion activity of 
andrographolide was measured using the Transwell assay. The rate 
of invasion has been reduced by up to 50% after the PC-3 cells were 
treated with andrographolide.

Andrographolide induces DNA damage in PC-3 cells
The prostate cancer cells were treated with andrographolide, which 
was followed by an evaluation of the DNA damage in the cells after 
the treatment. The Comet assay was used to determine the percentage 
of DNA damage through the calculation of the tail percentage present 
in the cells after andrographolide treatment. The comet assay results 
indicate that the highest percentage of tail observed was in PC-3 cells 
treated with 26.42 Um of andrographolide compared to 13.21 Um. The 
DNA damage observed in andrographolide treated cells was more than 
100% in both the concentrations compared to control. Hereby, it is 
deduced that andrographolide is a strong inducer of DNA damage in 
prostate cancer cells.

Andrographolide increases the rate of apoptosis in PC-3 
cells 
The ability of andrographolide to escalate the apoptosis rate has 
been tested using the flow cytometry method. The cells were stained 
with Annexin V-FITC and Propidium Iodide after the treatment of 
andrographolide. It is observed that the andrographolide treated cells 
have shown an increase of about 50% more than cells without treatment 
of andrographolide. The Q2 & Q4 quadrants have a higher apoptotic 
rate in andrographolide treated cells, indicating the rise in early and 
late apoptosis of the cells.

Activity of caspases on PC-3 cells after andrographolide 
treatment
The activities of three main caspases have been determined after the 
andrographolide treatment. The caspase activity for all three caspases is 
higher in andrographolide-treated cells. However, the caspase activity 
is observed to be higher in the lower concentration of andrographolide, 
which is 13.21 compared to the LC 50 concentration of 26.42. These 
results prove that apoptosis is induced through an increase in caspase 
3, 8, and 9 activity. Caspase 8 and 9 function as initiator caspases, and 
caspase 9’s role is in the execution of the apoptosis phenomenon. The 
increase in caspase activity is correlated to the ability of andrographolide 
to induce a higher rate of apoptosis in prostate cancer cells.

DISCUSSION
Numerous natural compounds are tested against various cancer 
cells to determine their potential for suppressing and rectifying this 



620 Pharmacognosy Journal, Vol 15, Issue 4, July-Aug, 2023

Manimaran J, et al. The Effects of Andrographolide on Apoptosis in PC-3 Cell Line Via the Involvement of Caspases 3, 8 And 9

disease. Natural compounds are used in regards to widening the 
therapeutic window as well as providing a better treatment option 
through an herbal approach. Cytotoxicity studies have been done 
via the WST-1 assay. The WST-1 assay is a type of cell proliferation 
assay that is used for drug screening to determine if the test molecules 
(Andrographolide) have effects on cell proliferation or exhibit direct 
cytotoxic effects on the cell lines under analysis.12 Androrapholide 
clearly inhibits PC-3 cell line proliferation. This rate of inhibition of 
PC-3 cell lines increases as the andrographolide concentration rises. 
This emphasises the dose-dependent role of andrographolide in 
PC-3 cell proliferation. The ability of andrographolide to inhibit cell 
proliferation in a dose-dependent manner has been examined in a 
variety of cancer cell lines, including HCT116 colorectal cancer cells, 
with similar results.13 In addition to that, the normal cells, the Hs27 cell 
line, exhibit no significant effect in cell viability when tested with the 
desired concentration of andrographolide.

Cancer metastasis to bone remains one of the crucial contributors 
to the mortality rate in prostate cancer. It is important for the 
treatment to significantly reduce the metastasis in order to be helpful 
in the inhibition of cancer progression.14 The Scratch Assay is used 
to identify the ability of PC-3 cells upon andrographolide treatment 
to migrate as determined by their ability to fill in a scratched or 
wounded area.15 The phase contrast microscope images demonstrate 
that as the concentration of andro-grapholide rises, the number of 
cells in the injured area decreases dramatically. In addition, the image 
of the LC 50 concentration of andrographolide treatment reveals a 
significant reduction in the non-wounded area's cell confluence. In a 
previous study, andrographolide was shown to inhibit the migration 
of human glioblastoma cells.16 Similar results were obtained when 
the rate of invasion of PC-3 cells was analysed after treatment with 
andrographolide. The Transwell Invasion Assay is utilised to determine 
the invading capacity of cells by depicting their ability to invade through 
a Matrigel-formed polycarbonate membrane.17 The phase contrast 
microscope images demonstrate that as the concentration of andro-
grapholide rises, the number of cells that have invaded the membrane 
falls. The population of invaded cells visible in the image is much 
smaller than the population of cells that manage to invade without 
treatment. Additionally, a previous study found that andrographolide 
inhibited the migration and invasion of colorectal cancer cells by 
reducing MMP-7 gene expression.18

The injury or damage that occurs in DNA is critical for the prevention 
of cancer development. The DNA damage attracts the immune cells 
via the signals emitted, which identify the cancer present.19 The current 
study, which used a comet assay to test for DNA damage, found that 
andrographolide has a positive effect on DNA damage. The comet 
tails are observed to be higher in andrographolide treated PC-3 cells. 
This serves as evidence to support previous studies on the ability of 
andrographolide to induce DNA damage in the PC-3 cell line. Wang 
has reported that andrographolide induces DNA damage in human 
esophageal cancer.20 DNA damage is related to the apoptosis incidence 
in a cell. The suppression of programmed cell death, also known as 
apoptosis, is essential for the progress of cancer. The apoptotic activity 
of PC-3 cells treated with andrographolide is increased. According 
to the findings, andrographolide increases the rate of apoptosis in 
PC-3 cells by 50%. Previous research indicates that andrographolide 
increases the rate of apoptosis in prostate cells by about 50%.21 The 
higher apoptotic rates of Q2 and Q4 in andrographolide-treated cells 
indicate an increase in early and late apoptosis. This result suggests 
that the rate of apoptosis of PC-3 cells increases proportionally to 
their concentration. Apoptosis is mediated in cells through various 
pathways, which include caspases. This study emphasised caspase 
activity due to the nature of caspase that has been downregulated in 
prostate cancer and has served as a hall maker.10

To better comprehend the role of caspases in PC-3 cells, a caspase 
assay focusing on caspases 3, 8, and 9 was conducted. Caspase 3 is an 
executor caspase, whereas caspases 8 and 9 are initiator caspases in the 
extrinsic and intrinsic pathways, respectively.22 The results confirmed 
the upregulation of all three caspases following andrographolide 
treatment of cells, as well as the role of andrographolide in inducing 
apoptosis via both the intrinsic and extrinsic pathways. In this study, 
the treatment of andrographolide on the PC-3 cell line has given insight 
into the ability of andrographolide to specifically target the hallmakers 
of prostate cancer by upregulating caspases. The higher activity of 
caspases in the presence of a lower concentration of andrographolide 
is supported by the "storm-like effect" observed in a previous study. 
As lower concentrations are closer to the optimal range, they exhibit 
greater caspase activity. Since higher concentrations exceed the optimal 
range, it can be concluded that they exhibit less caspase activity.23

CONCLUSION
The emerging studies on natural compounds and their pharmaceutical 
benefits have brought significant advancements in the drug discovery 
field. Andrographolide is one of the compounds that has exhibited its 
medicinal benefits in combating various disease progression. Hence, 
in this study, the anti-cancer properties of andrographolide are tested 
on an aggressive prostate cancer cell line, which is the PC-3 cell 
line. The ability of andrographolide to inhibit the progression of the 
PC-3 cell line is clearly demonstrated via several pathways such as 
migration, invasion, DNA damage, and also apoptosis. In addition, the 
involvement of caspase 3, 8, and 9 in aiding apoptosis has also shown 
significant elevation after the andrographolide treatment. This finding 
suggests that andrographolide has the potential to be developed into an 
anti-cancer drug.
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