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ABSTRACT:  
Liver cancer is the third most common cause of cancer death globally. among of the most widely used medicinal 

plants of the Artemisia genus belongs to the Compositae (Asteraceae) family; Artemisia absinthium is one of the 

important species of this genus. In the present study, the ability of A. absinthium extract alone and in combination with 

Taxol to induce apoptosis in HepG2 cell line was investigated. In this experimental study, first A. absinthium 

methanolic extract was prepared, then, the cytotoxic effect of combined use of A. absinthium extract with Taxol on 

HepG2 cells proliferation was investigated using MTT test; DAPI staining and flow cytometry analysis were also used 
to evaluate apoptosis in treated cells; Changes in the expression level of apoptotic genes were evaluated by Real-time 

PCR; Quantitative data were analyzed by one-way ANOVA at a significant level of p <0.05. The results of the MTT 

test showed that the combination of A. absinthium extract with Taxol inhibits the proliferation of HepG2 cells in a 

concentration-dependent manner. Morphological observations obtained from DAPI method and the results of flow 

cytometry analysis showed an increase in the percentage of apoptotic cells in the treatment groups. Analysis of the 

Real-time PCR showed an increase in the expression of apoptotic genes in the treatment groups. The findings of this 

study showed that the combined use of A. absinthium extract with taxol inhibits the proliferation of HepG2 cancer 

cells and induces apoptosis. 
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INTRODUCTION:  
Cancer disease has affected many people for years; 
The term "cancer" can be described as a set of 
complex processes, including disrupted cell death and 
unlimited cell proliferation, which often leads to the 
formation of malignant tumors and invasion to distant 
tissues (metastasis) (1, 2). According to the latest 
statistical surveys, cancer is the second leading cause 
of death after cardiovascular diseases worldwide and 

the third leading cause of death in Iran. About 18.1 
million new cases of cancer and 9.6 million deaths 
from cancer have been reported in 2018 (2, 3); It is 
estimated that the number of reported cases of cancer 
will increase by about 70% by 2035(3). Liver cancer is 
one of the most common cancers in the world, so that 
this cancer is the fifth most common cancer in men 
and the ninth most common cancer among women. 
The incidence of liver cancer has increased in the last 
25 years and it is expected to double in the next 10 to 
20 years, so prevention and treatment of liver cancer is 

now a major concern (4, 5). The available treatments 
for patients with liver cancer are very limited, 
unfortunately this type of cancer is diagnosed in 
advanced stages (6). Hepatocellular carcinoma is the 
most common type of liver cancer and the third 
leading cause of mortality due to cancer. This type of 
cancer is usually non-removable and non-surgical due 
to its rapid growth and metastasis, but if diagnosed 
early, surgical method may be possible for people with 
the disease. Unfortunately, only between 10 and 30% 
of people with this type of cancer are eligible for 

surgery (6, 7). Unfortunately, the methods of 
chemotherapy and surgery are not effective for patients 
with advanced hepatocellular carcinoma due to tumor 
recurrence, metastasis, and poor response to 
chemotherapy and radiation therapy; therefore, due to 
the limited treatment methods and resistance of this 
type of cancer to chemotherapy drugs, the need to 
create new methods for better treatment of this cancer 
seems necessary (6, 8). Taxol is one of the drugs used 
in chemotherapy for liver cancer. Taxol (commonly 
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called paclitaxel) is a compound of di-terpene with a 
complex structure, which has significant antitumor 
activity. This drug is an anti-cancer compound with 
plant origin that is obtained from the bark of the yew 
tree with the scientific name "Taxus berevitolia. L" (9). 
Taxol prevents microtubule de-polymerization, thus 
causing tubulin accumulations to become a stable 
structure that leads to stabilize microtubules and their 
inefficiency, which ultimately this matter stops the cell 

cycle at the end of the G2 phase/ M and induces 
apoptosis (9.10).  
The process of apoptosis or programmed cellular death 
as a conserved method is controlled by genes that is 
used to remove unwanted or unnecessary cells in 
living organisms; This process is very important in 
regulating the growth and proliferation of cells and the 
incidence of many diseases, such as various kinds of 
cancers is the result of poor performance or inhibition 
of programmed cellular death phenomenon (11, 12). 
Escape from apoptosis is one of the prominent signs of 

various cancers. Cancer cells actually contain changes 
that lead to disruption in the apoptotic signal and 
eventually lead to tumor spread and metastasis (13), as 
a result, many treatment strategies today are based on 
restarting planned cell death or apoptosis in cancer 
cells (12).  
Since old time, plants have been an important source 
for treating a wide range of diseases, because they are 
complex chemical companies that are constantly 
producing natural products and can be an effective 
source to treat and prevent disease. It has also been 

found that plants have a wide range of medicinal and 
biological activities (14-16). It is believed that the anti-
cancer effects of plants are caused by suppressing 
cancer-stimulating enzymes, repairing DNA, 
stimulating the production of anti-tumor enzymes in 
the cell, increasing immunity and inducing antioxidant 
effects (17).  
One of the most widely used plants as a medicinal 
plant of the Artemisia genus belongs to Compositae 
(Asteraceae) family; which consists of about 500 
species worldwide. There are 34 known species of 

Artemisia in Iran. Artemisia absinthium is one of the 
important species of this genus (18, 19). The Artemisia 
genus includes important medicinal plants that are 
considered worldwide due to their special chemical 
and photochemical compounds and due to their unique 
components and compounds such as artemisinin, 
aromatic compounds, terpenoids, flavonoids, 
coumarins and phenol derivatives; which helps in its 
biological activities, especially its antioxidant activity 
and its effects against cancer. The pharmaceutical 
industry and cosmetics industry is used in traditional 
medicine. Researches have shown that extracts of 

some Artemisia species have cytotoxic activity and 
apoptotic effect in vitro against cancer cell lines and 
animal cancer models, and in contrast they have low or 
even ineffective toxicity against normal cells (18.20).  
In this way; Shafi et.al ( 2012) investigate the role of 
A. absinthium extract in inhibiting cell proliferation 
and induction of apoptosis in breast cancerous cells 

and MDA-MB-231 and MCF-7 lineages . The results 
of these studies showed the anti-proliferative effects of 
A. absinthium extract on cancerous cells and the 
activation of apoptotic pathways in both cell lines (21). 
Al-Menhali et.al (2005) investigated the effect of 
Thymus vulgaris plant extract on the proliferation and 
migration of colon cancerous cells. Their results 
showed that the extract of this plant can inhibit the 
proliferation of cancerous cells depending on the 

concentration and cause to increase apoptosis along 
with increasing the activity of caspases and also 
prevents cell migration (22). Lian et.al (20018) 
examined the anti-cancer activity of Artemisia vulgaris 
(mugwort) extract against HCT-15 (human colon 
cancer) cell line and showed that the extract of this 
plant had a concentration-dependent toxic effect on 
cancerous cells and causes to inhibit the growth of 
these cells (23). Paramee et al (2018) tested the effects 
of Kaempferia parviflora plant on cell proliferation, 
migration and cell death in SKOV3 (human ovarian 

cancer) cells, and the results showed that this plant 
strongly suppresses cell proliferation and cell 
migration (24). 
The purpose of this experimental study is the 
combined use of A. absinthium extract and Taxol  on 
induction of apoptosis in HepG2 cell line and also the 
study of changes in the expression level of s "BAX, 
Caspase 3,9, p53" apoptotic gene. 
 

MATERIALS AND METHODS: 
 

Materials: 
RPMI culture medium "BIO-IDEA; Iran", FBS 
"Gibco; USA", streptomycin-penicillin antibiotic 
"BIO-IDEA; Iran", trypsin "BIO-IDEA; Iran", trypan 
blue solution "BIO-IDEA; Iran, MTT powder "Sigma-

Aldrich; USA", DAPI dye "Sigma-Aldrich; USA", 
Annexin V-FITC kit "Abcam; UK", RNA extraction 
kit "Pars tous; Iran", cDNA synthesis kit "Pars tous; 
Iran ", Sybrgreen "Pars tous; Iran  "  
 

PROCEDURE: 

Preparation and culture of HepG2 cells: 
HepG2 cell line (human liver cancerous cells) was 
prepared from Pasteur Institute of Iran (NCBICode: 
C158) and was cultured in RPMI culture medium 
containing 10% FBS and 1% antibiotics. 
 

Preparation of methanolic extract of Artemisia 

absinthium plant: 
Artemisia absinthium plant with identification code 
45952 (FUMH) was prepared from the herbarium of 
Ferdowsi University of Mashhad. To prepare the 

methanolic extract of A. absinthium plant, first the 
aerial parts of the plant were dried and then powdered, 
then for each gram of plant powder; 10 ml of methanol 
was added and placed in the dark at room temperature 
for 72 hours. During this time the mixture was stirred 
well 3 times a day. After 72 hours, the resulting 
mixture was filtered using What-man paper and finally 
extracted by a "rotary evaporator system". To prepare 
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the main stock for cells treatment, 0.001 g of A. 
absinthium extract was weighed and dissolved in 50 μl 
of dimethyl sulfoxide (DMSO), then diluted to 1 ml 
with culture medium. The formula N1V1 = N2V2 was 
used to construct the treatment concentrations from the 
main stock (21). 
 

MTT test to determine cytotoxicity: 
MTT test was used to evaluate the effect of A. 

absinthium extract; Taxol and the combined use of A. 
absinthium extract and Taxol on HepG2 cell 
proliferation. To do this, first 4 × 10

3
 cells were 

cultured in one 96-well plate after counting by Trypan 
Blue staining. After the appropriate time has elapsed 
from cell culture; HepG2 cells were treated at 
concentrations of 100, 200, 300, 400, 500 and 600 
μg/ml of A. absinthium extract; concentrations of 2.50, 
5, 10, 12.50, 15 and 20 μg/ml of Taxol and 
concentrations of 100, 200 and 300 μg/ml of A. 
absinthium extract with concentrations of 2.50, 5 and 

10 μg per ml of Taxol. After 24 hours of cell 
treatment, 10 μl of MTT solution was added to the cell 
medium, then the cell culture plate was incubated for 3 
to 4 hours. Then, the supernatant was removed from 
the cells and 80 μl dimethyl sulfoxide (DMSO) was 
added to each well and then the plate was transferred 
to the "EPOCH" spectrophotometer and the light 
absorption rate of the samples was read at 570 nm 
(25). The percentage of living cells was calculated by 
the following formula: 
Cell viability percentage=Absorbance of treated 

cells/Control cells × 100 
 

DAPI Nuclear Staining: 
DAPI staining was used to stain the nucleus of cells, to 
evaluate apoptosis, to evaluate the density or 

fragmentation of chromatin in the nucleus of treated 
cells and to compare it with the control group. To do 
this, first a sterile cover slip was placed on the bottom 
of each 6-well plate well, then HepG2 cells were 
cultured on the cover slips. After the appropriate time 
has elapsed from culturing and attaching the cells to 
the cover slips, complete culture medium was added 
for control group and treatment media (concentration 
of 300 μg/ml of A. absinthium extract; concentration 
of 12.50 μg/ml of Taxol and concentration of 100 
μg/ml of A. absinthium extract with a concentration of 

10 μg/ml of Taxol) was added for treatment groups 
slowly from the corner of each plate well. Twenty-four 
hours after treatment; the supernatant of all groups was 
removed and 400 µl of methanol was added to the 
plate as a cell fixative, and finally, the cells were 
exposed to DAPI dye and changes in the morphology 
of the cells were examined by fluorescent microscopy 
(26). 
 

Annexin V-FITC test: 
This test was used to determine cell death. To perform 
this test, the "Annexin V-FITC Apoptosis Staining / 
Detection Kit (ab14085)" was used, in which HepG2 
cells were first cultured in 6 –well plate and after 24 

hours of cell culture, cells were treated with a 
concentration of 300 μg per ml of A. absinthium 
extract, a concentration of 12.50 μg/ml of Taxol and a 
concentration of 100 μg/ml of A. absinthium extract 
with a concentration of 10 μg/ml Taxol. Twenty-four 
hours after treatment, the cells were separated from the 
bottom of the plate, transferred to the Eppendorf and 
then centrifugation was performed. By removing the 
supernatant, 500 μl of Binding Buffer 1X was added to 
each sample according to the kit protocol, and then 5 
μl of Annexin V and 5 μl propidium iodide were added 

to each sample. Finally, the samples were incubated in 
the dark for 5 minutes and then the samples were 
analyzed by flow cytometry (27). 
 

Real-time PCR technique: 

The RNA extraction steps were performed according 
to the "Pars tous" kit protocol and to ensure the 
appropriate concentration of the extracted RNA, the 
RNA concentration level was measured by the 
"EPOCH" spectrophotometer. In continue, the cDNA 
was synthesized according to the "Pars tous" kit 
protocol and finally the changes in the expression rate 
of "BAX, Caspase 3,9, p53" genes in HepG2 cells; in 
groups treated with a concentration of 300 μg/ml of A. 
absinthium extract; with concentration of 12.50 μg/ml 
of Taxol and concentration of 100 μg/ml of A. 
absinthium extract with a concentration of 10 μg/ml of 

Taxol  were checked by "Bio-Rad CFX96 RT-PCRs" 
and "Bio-Rad CFX Manager" software (28,29) . The 
sequence of primers used in the Rael-time PCR 
technique is as follows: 

 
Table 1. Sequence of primers used in Rael-time PCR technique 

Antisense Sens Gene 

TTGCTGTAGCCAAATTCGTT TGACTTCAACAGCGACACC GAPDH 

CTCCATGTTACTGTCCAGTTCGT TTTGCTTCAGGGTTTCATCCA BAX 

GTTCATCCAGTCGCTTTGTGC AGACAGACAGTGGTGTTGATG Caspase 3 

CAATGTGAACTTCTGCCGTGA CCAGAGATTCGCAAACCAGAG Caspase 9 

TCTGGGAAGGGACAGAAGATG TTGCCGTCCCAAGCAATGGA p53 

 

STASTICAL ANALYSIS METHODS: 

Quantitative data obtained from this experimental 
study were analyzed in SPSS and GraphPad Prism 

software using one-way ANOVA at a significant level 
of "p <0.05." 
Graphs are drawn using Excel software. 
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To ensure the results of this experimental study; all 
experiments were repeated three times. 

 

RESULTS: 

MTT test Results: 
The results of MTT test showed that the cell viability 
rate decreased in a concentration-dependent manner in 
the treatment groups, as the percentage of cell viability 
decreased with increasing concentration of A. 
absinthium extract and Taxol. The results of the MTT 
test also showed that the combined use of A. 
absinthium extract and Taxol had a greater effect on 
the process of reducing the cancerous cells 
proliferation of HepG2 cell line than when we used 
each alone. 

By determining the inhibitory concentration of "IC50", 
it was found that this amount was 300 μg/ml for A. 
absinthium extract, 12.50 μg/ml for Taxol and 100 
μg/ml of A. absinthium extract with a concentration of 
10 μg/ml of Taxol for combined use during 24 hours. 
After performing the MTT test, the "IC50" 
concentrations obtained from this test were used to 
perform the rest of the tests. 

Diagram 1 Comparison of the mean viability 
percentage of the control sample compared with the 
samples treated with A. absinthium extract in different 

concentrations in 24 hours (p <0.001 ***) 
 

Diagram 2 Comparison of the mean viability 
percentage of the control sample compared with the 
samples treated with Taxol at different concentrations 
in 24 hours (p <0.001 ***) 
 

 Diagram 3 Comparison of the mean viability 
percentage of the control sample in comparison with  
the samples treated with A. absinthium extract with 
Taxol in different concentrations in 24 hours (*** p 
<0.001) 

 

DAPI Staining Results: 

As shown in Figure 1, the results obtained from DAPI 
staining show that some morphological changes in the 
nucleus of HepG2 cells which were placed under 
treatment with "IC50" concentrations of A. absinthium 
extract and Taxol as well as the combined composition 
of the A. absinthium extract and Taxol for 24 hours are 
seen compared to the nuclei of the control group cells 
that have not received any treatment. As can be seen in 
the pictures, the nuclei are fragmented in the treatment 
groups and the shape of the nuclei is out of normal; 
which could be a sign of apoptosis incidence in these 

cells. Examination of morphological changes also 
showed that some of the treated cells have significant 
chromatin fragmentation, which these changes indicate 
morphological changes after 24 hours of treatment. As 
shown in Figure 1, most cell damage and 
morphological changes in the nuclei occurred when the 
cells were treated with a combination of A. absinthium 
extract and Taxol. 
 

Figure 1. Observation of cell nuclei by DAPI staining 
after 24 hours 
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(A) control group; (B) treatment with a concentration 
of 300 μg/ml of A. absinthium extract; (C) treatment 
with a concentration of 12.50 μg/ml of Taxol; (D) 
treatment with a concentration of 100 μg/ml A. 
absinthium extract with a concentration of 10 μg/ml 
Taxol 
The tips of the arrows indicate cells that have 
undergone apoptosis. 
(All images are observed at 400X magnification). 

 

Annexin V-FITC test Results: 
To perform this test, HepG2 line cells were treated 
with "IC50" concentrations in 24 hours. As shown in 

Figure 3; the results of Annexin V-FITC test show that 
while in the control group about 96% of HepG2 cells 
are alive, in the group treated with A. absinthium 
extract about 41% of the cells suffer from apoptosis. 
Also, in the Taxol treatment group, the percentage of 
cells with apoptosis is about 54%, and we see the most 
cell death in the form of secondary apoptosis in the 
combined treatment group of A. absinthium extract 
with Taxol, so that in this group, in 62% of HepG2 

cancerous cells have occurred secondary apoptosis. 
 

 
 
Figure 2. Flow cytometry analysis 

(A) control group (control); (B) treatment with a concentration of 300 μg/ml of A. absinthium extract; (C) treatment 
with a concentration of 12.50 μg/ml of Taxol ; (D) Treatment with a c 
oncentration of 100μg/ml A. absinthium extract with a concentration of 10 μg/ml Taxol 
  

 

Results of real-time PCR gene expression study: 
As observed in Figure 3, BAX gene expression 

increased in all treatment groups in comparison to the 
control group. Increased BAX gene expression level in 
treatment groups with A. absinthium extract as well as 
the collective combination of A. absinthium extract 
with Taxol is significantly different from the control 
group. Expression of p53 gene was also significantly 

increased in the combined treatment group of A. 
absinthium extract with Taxol compared to the control 
group. Increased expression of caspase 3 and 9 

apoptotic genes in the group treated with A. absinthium 
extract was not significant compared to the control 
group; while, the highest increase in expression of 
caspase 3 and 9 genes was seen in the group treated 
with the combination of A. absinthium extract with 
Taxol. 
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Figure 3. Evaluation of changes in the expression of apoptotic genes "BAX, Caspase 3, 9, p53" by Real-time PCR 
technique 
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DISCUSSION: 

The cytotoxic effects of A. absinthium extract, Taxol, 
and the combination of A. absinthium extract and 
Taxol on cell proliferation were assessed in this 

experimental investigation using the MTT test after the 
methanolic extract of A. absinthium was prepared. 
Also, DAPI staining and flow cytometry analysis were 
used to evaluate apoptosis in cells under treatment, and 
finally changes in the expression of apoptotic genes 
"BAX, Caspase 3, 9, p53" were examined by real-time 
PCR technique. 
The results of the MTT test showed that A. absinthium 
extract and Taxol could reduce the viability of 
cancerous cells of HepG2 line in a concentration-
dependent manner. The best result was obtained when 
the combined use of A. absinthium extract and Taxol 

was used to treat the cells. In this way that cell 
proliferation was significantly inhibited in this 
treatment medium. These results indicate that the 
combination of A. absinthium extract with Taxol has a 
greater effect on inhibiting cell proliferation; which 
this matter can be demonstrated by the decrease in the 
concentration of "IC50" compared to when we used A. 
absinthium extract and Taxol alone. 
Gordanian et.al (2014) investigated the cytotoxic 
effects of extracts of five different Artemisia species 

(including A. absinthium) against the MCF-7 cancer 
line. The results of MTT test showed that the extracts 
of five different species of Artemisia cause to inhibit 
the proliferation of breast cancerous cells in a 
concentration-dependent manner, and also showed that 
the cytotoxic activity of A. absinthium and A. vulgaris 
species is higher than other species (30). The results 
from MTT test performed in this study also showed the 
inhibitory effects of A. absinthium extract in a 
concentration-dependent manner on the proliferation 
of HepG2 cancerous cells. 

Kim et al (2018) investigated cytotoxic and anti-
proliferative effects of ethanolic extract of Artemisia 
capillaris leaves against Huh7 and HepG2 cancerous 
cell lines and showed that A. capillaris extract strongly 
suppresses the proliferation of these cells and leads to 
induce apoptosis in Huh7 and HepG2 cells by 
increasing the expression level of caspase-3 (31); 
which is consistent with all the results of the present 
study. 

Examination of morphological changes of nuclei by 
DAPI staining showed that morphological changes are 

seen in the treatment groups compared to the control 
group. As shown in Figure 1, in the treatment groups, 
the nuclei are fragmented and out of normal, which 
this matter could be a sign of apoptosis incidence in 
these cells. Most cell damage and changes in the nuclei 
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occur when cells are treated with a combination of A. 
absinthium extract and Taxol. The results of Annexin 
V-FITC test also showed that while the percentage of 
viability of the control group cells is about 96%; this 
rate decreased to 56%, 43% and 32% in cells treated 
with A. absinthium extract, Taxol and combined 
combination of A. absinthium extract with Taxol. As a 
result, it can be stated that the combination of A. 
absinthium extract with Taxol has a good ability to 

induce apoptosis in HepG2 cancerous cells. 
Kim et al (2017) examined the ability to induce 
apoptosis of Artemisia annua extract in HCT116 cell 
line (colon cancer) and by using Annexin V-FITC test 
showed that apoptotic cells percentage  increases in 
cells treated with different concentrations of A. annua 
extract; and also treatment with A. annua extract can 
reduce the expression of Bcl-2 anti-apoptotic gene and 
increase the expression of BAX apoptotic gene, and 
finally they concluded that A. annua extract has the 
ability to induce apoptosis in HCT116 cell line 

(32).All the results of laboratory experiments obtained 
from the present study also showed the ability of A. 
absinthium extract to induce apoptosis in the HepG2 
cell line. 
The results of real-time PCR to evaluate the changes 
rate in the expression level of "BAX, Caspase 3,9, p53" 
apoptotic genes showed a significant difference in 
increasing the expression level of these genes in the 
treatment group with a combination of A. absinthium 
extract and Taxol . And it can be concluded that this 
combination has a significant ability to increase the 

expression of apoptotic genes and can be given more 
attention in the future with more complete studies and 
research. 

Tayarani-najaran et.al (2016) found cytotoxic and 
apoptotic effects of Artemisia biennis dichloromethane 
extract against K562 and HL-60 cell lines and showed 
that A. biennis extract causes to inhibit cancerous cell 
proliferation and induce apoptosis in K562 and HL-60 
cells by increasing the expression level of BAX 
apoptotic gene (33). This is consistent with the current 
study's findings, which demonstrate that the extract of 

A. absinthium has the capacity to raise the expression 
level of apoptotic genes. 
 

CONCLUSION: 

The findings obtained from this experimental research 
presented that the combined use of A. absinthium 
extract and Taxol significantly inhibits the 
proliferation of HepG2 liver cancerous cells and 
causes to induce cell death in these cells. Therefore, 
this combination can be further studied in studies 
related to the treatment of liver cancer. 
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