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Abstract: Purpose: To determine whether andrographolide can induce senescence of human
hepatocellular carcinoma HepG2 cells in vivo or in vitro. If so, the mechanism by which
andrographolide induces senescence in human hepatocellular carcinoma HepG2 cells will
also be explored. Methods: The study will use human hepatocellular carcinoma cell line
HepG2. HepG2 will be treated with different doses and different durations of
Andrographolide. HepG2 cells were implanted in mice to form artificial hepatocellular
carcinoma, and Andrographolide use to treat the artificial hepatocellular carcinoma. Measure
senesscence by by b-gal kit, the abundance of p21 and p53 by western blot, viability by tunnel
assay. Positive control is MLN4924 and negative control is DMSO/PBS. Possible Results:
There are two main possible results: (1) Andrographolide was able to induce senescence in
human hepatocellular carcinoma HepG?2 cells by increasing p21 and p53 leading to decreased
HepG2 viability. (2) Andrographolide had no significant effect on human hepatocellular
carcinoma HepG2 cells. Conclusions: In this study, I found that Andrographolide has
potential anti-tumour effects against hepatocellular carcinoma. Andrographolide was shown
to induce senescence of hepatocellular carcinoma HepG2 cells via p53/p21 in vitro and in
vivo. Therefore, Andrographolide is a promising senescence-inducing therapy for the
treatment of human hepatocellular carcinoma.
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1. Introduction

Cancers have consistently represented a significant challenge for medical research, representing one
of the most prevalent and life-threatening diseases affecting human health. Hepatocellular carcinoma
(HCC) is the fifth leading cause of cancer mortality and the third most common cause of cancer-
related death. While current clinical treatment and drug therapy can reduce morbidity and mortality,
chemotherapy and anti-tumour drugs have strong side effects and can significantly impair the patient's
immune-regulating ability. The majority of cases of hepatocellular carcinoma are considered
incurable due to the extensive dysfunction of the liver resulting from combined cirrhosis, the rarity
of early diagnosis, and the lack of appropriate chemotherapy. However, a number of studies
demonstrated that the risk of HCC might be reduced by Andrograhpolide, a major ingredient of
Traditional Chinese Medicine, that can induce senescence in human hepatocellular carcinoma cells
HepG2 via p53/p21.

© 2025 The Authors. This is an open access article distributed under the terms of the Creative Commons Attribution License 4.0
(https://creativecommons.org/licenses/by/4.0/).
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Apoptosis represents a physiological process that results in the loss of cells and serves to maintain
equilibrium between cell proliferation and death. Cancer cells are distinguished in the regulation of
cell proliferation. The growth of tumours is contingent upon the rate of cell proliferation and apoptosis.
Andrographolide has been demonstrated to exert anti-tumour effects by inducing cell cycle via
p53/p21 in G1-S phase arrest, which ultimately results in apoptosis. In the cell cycle, the regulatory
function of P53 is mainly reflected in the monitoring of G1 and S-phase correction points, which is
closely related to transcriptional activation.The protein encoded by P53 downstream gene P21 is a
Cyclin-dependent protein kinase inhibitor.P21 can bind to a series of Cyclin-cdk complexes and
inhibit the activity of the corresponding protein kinase, resulting in Cyclin-cdk not being able to
phosphorylate Rb, and the non-phosphorylated Rb keeps binding to E2F, which prevents E2F, a
transcriptional regulator, from being activated, and causes the G1 block [1].

Andrographolide is a dicyclic diterpene lactone extracted from Andrographis paniculata with
significant anti-tumour activity associated with the modulation of various signalling pathways.In
general, andrographolide is relatively safe although it may have some toxicity [2].
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Figure 1: The structure of Andrographolide

(2-(Decahydro-6-hydroxy-5-(hydroxymethyl)-5,8a-dimethyl-2-
methylenenaphthyl)ethylidene)dihydro-4-hydroxyfuran-2(3H)-one [3]

The aim of the present study was to examine increasing concentrations and treatment durations
with Andrographolide is able to induce senescence in human hepatocellular carcinoma HEPG2 cells
through an increase in p21 and p53 resulting in decreased HEPg2 viability.

2. Material and methods
2.1. Reagent

Andrographolide was dissolved in dimethyl sulfoxide and kept at — 20C before use. The purity of
andrographolide is 98%.
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2.2. Cell culture

The cells were added into a 15ml centrifuge tube containing preheated medium and centrifuged at
1000rpm for 5 mins. The supernatant is aspirated to obtain cell precipitation, and the cells are gently
re-suspended with 2ml complete medium (basic medium +FBS+double antibody) and added to a 6-
well microplate for culture in a moderate incubator saturated with 5%CO2 at 37 °C.Cells were
subjected to 0.01, 0.1, and 1 g mL-1 of AD supplied at the beginning (Oh) and after 48 hours of the
72-hour culture to evaluate the influence of AD.

2.3. Measure senesscence by by b-gal kit

For cells cultured in 6-well plates, the cell culture medium was sucked, washed with PBS once, and
ImL Fixative Solution was added, and fixed at room temperature for 15min. The cells were washed
with PBS 3 times for 3min each time. PBS was sucked and 1mL Staining Solution was added to each
well (50pL X-gal Solution, 10pL Solution A, 10uL Solution B, 930uL Staining buffer was extracted
and mixed). Incubation at 37°C overnight, and finally observation and counting under ordinary light
microscope.

2.4. Measure abundance of p21 and p53 by western blot

1. Extraction of total cellular protein

Melt the RIPA lysate and mix well. Take appropriate amount of lysate and add PMSF within
minutes before use to make the final concentration of PMSF 1 mM. Add lysate into 6-well plate with
adherent cells to make full contact between lysate and cells.

2. Determination of protein content

Protein content was determined using the BCA kit.

3. SDS-PAGE electrophoresis

4. Transferring membrane

Transfer the gel to PVDF membrane for electrotransferring.

5. Membrane closure and antibody incubation

Transfer to a flat dish containing the sealing solution, shake at room temperature on a decolourising
shaker for 1 hour, then wash with TBS 3 times for 10 minutes each time. Add the prepared primary
antibody, to the corresponding membrane, and incubate at 4°C overnight.

6. Chemiluminescence

Luminescent solution (liquid A: liquid B) 1:1 configuration (pay attention to avoid light), pipette
the appropriate amount of luminescent solution to cover the PVDF membrane, ECL luminescence
instrument exposure and image acquisition.

2.5. Measure cell apoptosis analysis by tunnel assay

Fluorescein (FITC) -labeled dUTP (fluorescein (dUTP)) can be added with the catalysis of terminal
deoxynucleotide transferase when the genomic DNA is broken and can be examined by fluorescence
microscopy or flow cytometry. All treatment groups were compared with a control group that
received no treatment.

3.  Results
3.1. AD increases senescence of HepG2

Possible result 1: AD can induce senescence of HepG2 at low concentration
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In the culture of HepG2 cells, the addition of AD may induce the acceleration of cell decay and
lead to senescence.

Possible outcome 2: AD does not induce senescence in HepG2 at tested concentrations

HepG2 did not respond to AD at the detection level. It does not induce accelerated cell decay,
eliminating the possibility that they may be helping to treat hepatocellular carcinoma.

3.2. AD increase p21 by western blot

Possible result 3: AD increased p21 content in HepG2
p21 inhibits the corresponding protease activity and causes G1 phase arrest
Possible result 4: p21 expression did not change significantly
AD does not interact directly with p21

3.3. AD increases pS3 by western blot

Possible result 5: AD increased p53 content in HepG2

P53 can complete the regulation of apoptosis and participate in the process of DNA repair. Its
DNA binding domain itself has the activity of endonuclease, which can cut out mismatched
nucleotides, and the binding well regulates the activity of endonucleotide repair factors XPB and
XPD, thus affecting its DNA recombination and repair functions.

Possible result 6: p5S3 expression did not change significantly

AD does not interact directly with p53

3.4. AD decreases HepG?2 viability

Possible outcome 7: Decreased HepG2 viability accelerated cell death
Possible Outcome 8: No significant change in the HepG2 viability

Table 1: AD decreases HepG2 viability

Combination Result
# (CR#)
AD increases AD increase AD increases AD decreases Support of
senescence by b-gal | p21 by western p53 by western | HepG2 viability hypothesis
assay blot blot by MTT yp

1 + + + + Full

2 + + + - Partial

3 + + - + Partial

4 + - + + Partial

5 - + + + Partial

6 + + - - Partial

7 + - - + Partial

8 - - + + Partial

9 + - + - Partial
10 - + - + Partial
11 - + + - Partial
12 + - - - Partial
13 + - - Partial
14 - - + - Partial
15 - - - + Partial
16 - - - - Fully Contradicts

Table legend: "+" indicates AD express efficacy , "-" indicates AD not express efficacy
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4. Discussion

Previous studies have demonstrated that AD contributes to human lung cell carcinoma, and AD can
induce lung cell cancer cell senescence through p21/p53 and Skp2/p27. They explain the mechanism
by which AD induces senescence in lung cells and cancer cells.* p52/p21 plays a crucial role in
regulating cell cycle arrest and induction [5].

CR1 is fully consistent with the hypothesis that AD will increase aging of HepG2, increase
p52/p21 content and decrease HepG2 viability. p53/p21 can block and induce cell cycle in G1-S phase
and eventually lead to apoptosis, thus playing an anti-tumor role.

CR2 partially conforms to the hypothesis that AD does not reduce HepG2 viability, resulting in
HepG2 not accelerating death [6], reducing the possibility of anti-tumor. If the concentration of AD
can be increased, HepG2 may decrease the activity more.

CR3,4,7 are in line with our hypothesis that AD cannot increase the content of p53/p21, blocking
both p53 and p21, and cells lacking p53 cannot stop [7].CRS exemplifies that AD, although leading
to increased levels of p21 and p53, is not able to reduce HepG2 senescence.

CR6 exemplifies that AD is able to increase HepG2 senescence but not reduce viability. p21
activation alone in the absence of p53 may promote cancer development.

CRS8 is partially consistent with hypothesis that the p53 number is increased but the p21 is not
affected, suggesting that p53 is not successful in inducing the transcription of p21. This also leads to
the inability of AD to reduce HepG2 senescence.

CR9 indicated an increase in p53 and blocked the cell cycle in G1-G2/M phase, leading to HepG2
senescence. However, AD could not affect the viability of HepG2.

CR10 is partially in line with my hypothesis that AD has a role in decreasing HepG2 viability,but
does not induce HepG2 senescence.

CR11 partially fits hypothesis that both p21 and p53 increase in response to AD. However, p21
and p53 were not successful in inducing HepG2 senescence.

CR12 demonstrated increased HepG2 senescence in the absence of increased p21 and p53. There
have possibility of other factors contributing to HepG2 senescence.

CR13 is not very consistent with the hypothesis that AD does not induce HepG2 senescence nor
does it decrease HepG2 viability with only an increased amount of p21. p21 activation alone can lead
to faster cancer progression.

CR14 is less consistent with the hypothesis that only the amount of p53 is increase and that without
enough p21, p53 cannot bind the promoter of the p21 gene and induce transcription of the p21 gene,
thus indirectly organising the cell cycle and induce HepG2 senescence.

CRI15 is partially in line with the hypothesis that the viability of HepG2 is reduce and is able to
have a partial effect towards resisting cancer cell replication.

CR16 is completely inconsistent with the hypothesis that AD cannot increase the content of
pS3/p21, AD cannot increase cell senescence and reduce the viability of HepG2. My opinion on this
result is that the concentration of AD needs to be increased. According to previous studies, AD
induces GO/G1 phase to block the expression of p53, p21 and p16 in human colorectal cancer cell
lines by up-regulating the GO/G1 phase [8].AD induced GO/G1 block of A549 cells and G2/M block
of NCI-H1975 cells. These results suggest that AD induces cell cycle arrest in a cell-type-specific
manner. Therefore, the content of p53/p21 will increase [4].

5. Conclusions

In conclusions, this study explores the effects of Andrograhpolide on human hepatocellular cancer
cells HepG2. Studies have shown that Andrograhpolide can induce HepG2 senescence and delay
tumor formation through p21/p53, thus reducing the risk of HCC.
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