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Summary

Purpose: Liver cancer is one of the most common and highly 
malignant cancers of the digestive system. The main aim of 
the present research work was to investigate the anticancer 
action of rosmarinic acid - a naturally occurring plant sec-
ondary metabolite. We also investigated its effects on cell ap-
optosis, caspase activation, cell migration and cell invasion. 

Methods: Cell viability of Hep-G2 liver cancer cells was 
evaluated by CCK-8 assay while apoptotic studies were car-
ried out by fluorescence microscopy using Hoechst, acridine 
orange (AO)/ethidium bromide (EB) and Comet assays as 
well as using annexin-v/propidium iodide (PI) assay for apo-
ptosis quantification. Western blot assay was used to study 
the effects of rosmarinic acid on apoptosis-related protein ex-
pressions including Bax, Bcl-2 and various caspases. In vitro 
wound healing assay was used to evaluate the effects on cell 
migration while transwell chambers assay with Matrigel was 
used to assess the effects of rosmarinic acid on cell invasion. 

Results: Rosmarinic acid caused significant reduction in 
the viability of the human Hep-G2 liver carcinoma cells in a 

dose-dependent manner, exhibiting an IC50 of 14 µM in can-
cer cells. The AO/EB staining assay showed that rosmarinic 
acid suppressed the viability of cancer cells via induction 
of apoptotic cell death which was associated with rise in 
Bax and decrease in Bcl-2 levels. DAPI staining results also 
confirmed that rosmarinic acid induced apoptosis. The apo-
ptotic cells increased from 5.8% in control to 24.68% at 28 
µM concentration of rosmarinic acid. Rosmarinic acid also 
caused activation of caspase-3 and 9 along with suppressing 
liver cancer cell migration and invasion.

Conclusions: The current study shows that rosmarinic 
acid has a potential to inhibit in vitro cancer cell growth in 
Hep-G2 cells by triggering apoptosis, caspase activation and 
suppressing cell migration and invasion and as such this 
molecule could be developed as a possible anticancer agent 
provided further studies are carried out. 
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Introduction

 Liver cancer or hepatocellular carcinoma (HCC) 
is a highly malignant cancers of the digestive sys-
tem and is also one of the most frequent cancers. 
HCC is among the top 10 human cancers globally 
and is included among the top 5 cancers in terms 
of cancer-related deaths. The majority of the liver 
cancer cases are presented as HCC, although sec-

ondary liver cancers arise from metastases origi-
nating from distant tumors, mostly from the gas-
trointestinal tract [1-3]. Two principal histological 
kinds of liver cancer exist, one is hepatocellular 
carcinoma (HCC) and the other is intrahepatic 
cholangiocarcinoma (ICC). The major risk factors 
of liver cancer include chronic infection of hepati-
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tis C virus and hepatitis B virus, while the minor 
risk factors are aflatoxins in the diet, liver toxins 
in the water, diabetes mellitus, non-alcoholic fatty 
liver disease, tobacco use, and betel nut chewing 
[4,5]. In 2012 alone, it was estimated that about 
782,451 new cases of liver cancer were reported 
and about 746,000 liver cancer-related deaths oc-
curred worldwide. In China, the incidence of liver 
cancer is much higher as compared to the rest of 
the world. About 20% of the liver cancer cases in 
the world are attributed to China and account for 
about 50% of all newly diagnosed HCC cases and 
mortality [6,7]. HCC treatment includes surgical re-
section and liver transplantation which have signif-
icantly increased the survival rate of HCC patients. 
However, the condition also needs long-term adju-
vant chemotherapy which becomes a limiting fac-
tor for its success because chemotherapy is associ-
ated with various adverse side effects and is prone 
to the development of multidrug resistance. Other 
therapies for HCC like transcatheter arterial chem-
oembolization (TACE), radiotherapy, cryo-ablation 
are also used but are less effective and also result 
in severe side effects like hair loss, depression of 
bone marrow, kidney failure, liver failure etc [8-
10]. Therefore, there is an immediate need for new, 
novel, more effective and much cheaper drugs for 
liver cancer which are also less prone to multidrug 
resistance. Medicinal plants have always rescued 
humans by providing blockbuster drugs like taxa-
nes, vincristine, vinblastine among others, to tackle 
health challenges like cancer. More than 60% of 
the currently used and clinically approved antican-
cer drugs come from natural sources most notable 
medicinal plants [11-13]. In the present research 
work, we report the anticancer effects of rosmarinic 
acid in Hep-G2 liver cancer cells along with assess-
ing its effects on cell apoptosis, caspase activation 
and inhibition of cell migration and invasion 

Methods 

CCK-8 cell viability assay

 The Hep-G2 liver cancer cells were obtained from 
American Type Culture Collection (ATCC; Manassas, 
VA, USA). The cells were maintained in RPMI-1640 me-
dium (Gibco, USA) at 37°C with 95% humidity and 5% 
CO2. The proliferation of Hep-G2 cells was examined by 
CCK-8 (Cell Counting Kit-8) assay obtained from Dojindo 
Laboratories, Kumamoto, Japan. The Hep-G2 cells were 
initially treated with 0, 2.5, 5, 10, 20, 40, 80, 160 and 
320 μM of rosmarinic acid after which 20 μl CCK-8 was 
slowly added to the cell culture plates. The cell plates 
were then incubated for 12 h at 37°C. The absorbance 
was measured at 450 nm wavelength using a microplate 
reader (BioTek Instruments, USA). Cell cytotoxicity was 
measured from the observed absorbance.

DAPI and Comet assay for apoptosis

 We employed fluorescence microscopy using DAPI 
as staining agent to study the apoptotic effects exerted 
by rosmarinic acid in Hep-G2 liver carcinoma cells. The 
Hep-G2 cells at a cell density of 2×105 cells per ml were 
cultured in 6-well plates and then subjected to the treat-
ment with increasing doses of rosmarinic acid followed 
by incubation for 24 h at 37°C. After that, 20 μl of cell 
culture were placed onto glass slides and stained with 
DAPI. The slides were then cover-slipped and scanned un-
der fluorescence microscope (Nikon Corporation, Tokyo, 
Japan) to evaluate apoptotic changes. Comet assay which 
determines the DNA damage was performed by alkaline 
single cell gel electrophoresis according to the guidelines 
of the method formerly published in the literature [14]. 

Acridine orange/ethidium bromide (AO/EB) staining assay 
for apoptosis

 The Hep-G2 human liver cancer cells at a cell den-
sity of 2×105 cells/ml were placed into 6-well plates 
and cultured for 24 h. The cells were exposed to treat-
ment with different concentrations (0, 7, 14, 28 μM) of 
rosmarinic acid and incubated for 24 h. Subsequently, 
20 μl of cell culture were placed onto glass slides and 

Figure 1. A: CCK-8 assay showing the effects of Rosmarinic acid on the viability of the Hep-G2 cancer cells. The experi-
ments were performed in triplicate and shown as mean±SD (*p<0.05). B: Chemical structure of Rosmarinic acid.
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stained with AO/EB separately (20 μl). The slides were 
then covered with cover slips and inspected under fluo-
rescence microscope (Nikon Instruments Inc., NY, USA) 
for evaluating apoptotic changes. 

Annexin V-FITC/PI assay for apoptosis

 The Hep-G2 cells at a sdensity of 2×105 cells/well 
were initially treated with different doses of rosmarin-
ic acid for 24 h. The cells were then resuspended and 
washed twice with phosphate buffered saline (PBS) and 
then assayed with a cell apoptosis detection kit obtained 
from KGA-107; Keygene, China. The cells were incubated 
with 200 μl of binding buffer followed by addition of 10 
μl of annexin V–fluorescein isothiocyanate solution and 
10 μl solution of PI. The cells were then incubated for 
10 min in the dark and finally examined by FACSCalibur 
flow cytometry (FACSCalibur; BD Biosciences, China). 

Cell migration assay

 The Hep-G2 cells at a cell density of 1×105 cells/ml 
were plated in 6-well plates for 12 h, they were cultured 
with increasing doses of rosmarinic acid for 24 h. Then, a 
sterile 20 μl pipette was used to make a straight cell-free 
wound in the wells and the suspended cells were thrown 
out. The liver cancer cells were cultured continuously 
and maintained in RPMI-1640 medium and finally the 
migration of Hep-G2 cells was observed by using optical 
microscope after every 12 h. 

Cell invasion assay

 The impact of rosmarinic acid on the invasion 
ability of Hep-G2 liver cancer cells was evaluated by 
transwell chambers with Matrigel having coating of 
polyvinylpyrrolidone-free polycarbonate filter (6-mm 
pore size). The cells at a density of 1×105 cells/ml were 
shifted to upper chamber of a Matrigel-coated chamber 
(purchased from BD Biosciences, USA) having RPMI-
1640 medium free from FBS. The cells were then treated 
with increasing doses of rosmarinic acid for 24 h. The 
lower compartment contained only medium having FBS 
(20%). Using paraformaldehyde (4%), the migrated cells 
were fixed and then stained with 1.55% crystal violet dye 
for 40 min. Inverted microscope was used to count the 
number of invaded cells at 200x magnification.

Western blot analysis

 The Hep-G2 cells were firstly washed with ice-cold 
PBS and then lysed in RIPA lysis buffer encompassing 
the protease inhibitor. Around 40 μg of proteins from 
each cell culture were then loaded on the SDS-PAGE. The 
protein contents were calculated using a bicinchoninic 
acid protein quantitative kit (Boster, China). The gels were 
then shifted to nitrocellulose membranes and exposed to 
treatment with primary antibody at 4°C for 24 h. Then 
the membranes were incubated with HRP-conjugated 
secondary antibody for 60 min at 37°C. Enhanced chemi-
luminescence reagent (ImmunoCruzTM Western Blotting 
Luminol Reagent, Santa Cruz Biotechnology, USA) was 
used to visualise the protein bands. Finally the signal was 
detected by Odyssey Infrared Imaging System (LI-COR, 
USA). Actin was used as control for normalisation.

Statistics

 Data are shown as mean ± SD. Statistical analysis 
was done using Student’s t-test with GraphPad prism 7 
software. P<0.05 suggested significant difference. 

Results

Rosmarinic acid exerted potent cytotoxic effects in Hep-
G2 human liver cancer cells

 CCK-8 assay for cell viability was used to ex-
amine the cytotoxic effects of rosmarinic acid in 
Hep-G2 human liver cancer cells. The graphical 
representation of the cell cytotoxicity induced by 
rosmarinic acid is shown in Figure 1A and indi-
cates that the cell viability of these cancer cells 
was drastically reduced as the dosage of rosmarinic 
acid increased from 0 to 320 μM. The IC50 value of 
rosmarinic acid was calculated and was found to 
be IC50 of 14 μM. Figure 1B shows the structure 
of rosmarinic acid and clarifies that it is a plant 
polyphenol. 

Rosmarinic acid activates programmed cell death (apo-
ptosis) pathway in Hep-G2 cells 

 Fluorescence microscopy along with flow cy-
tometry using DAPI, AO/EB, annexin V-FITC/PI 
staining agents were used to study the mode of 

Figure 2. Fluorescence microscopy studies using (4’,6-di-
amidino-2-phenylindole) DAPI staining, showing rosmarin-
ic acid -induced programmed cell death as indicated by en-
hanced chromatin condensation and nuclear fragmentation 
with increasing rosmarinic acid dose. The experiments were 
performed in triplicate.
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action of cell death induced by rosmarinic acid. It 
was shown that the percentage of the DAPI posi-
tive cells showed a significant upsurge reminiscent 
of the apoptosis in the Hep-G2 cells featured by 
chromatin condensation and nuclear fragmenta-
tion. Increasing doses of rosmarinic acid at 0, 7, 
14, 28 μM led to a significant chromatin condensa-
tion shown by DAPI fluorescence (Figure 2). Fig-
ure 3 shows the Comet assay results revealing that 

as compared to the untreated control cells which 
indicated intact DNA with no signs of DNA frag-
mentation, rosmarinic-treated cells exerted potent 
DNA damaging effects in these liver cancer cells 
in which these cells with DNA damage appear as 
comets. The DNA fragmentation in these cells was 
shown to be concentration-dependent as can be 
easily seen from longer comet tails at higher ros-
marinic acid doses. The results of AO/EB staining 
are depicted in Figure 4 and reveal that the number 
of cells with orange/yellow fluorescence (apoptotic 
cells) increased significantly with increasing ros-
marinic acid dosage. Untreated cells only showed 
green fluorescence indicating no signs of apoptosis. 
Finally, flow cytometry measurements quantified 
the percentage of cells which had undergone apo-
ptosis at each tested dose of the molecule. Increas-

Figure 3. Fluorescence microscopy studies using Comet as-
say to investigate the DNA-damaging effects of rosmarinic 
acid on Hep-G2 cells. The results showed increasing DNA 
fragmentation dose-dependently. 

Figure 4. Acridine orange/ethidium bromide (AO/EB) 
staining showing rosmarinic acid induces apoptosis in Hep-
G2 cancer cells dose-dependently. The experiments were 
performed in triplicate.

Figure 5. Flow cytometry and annexin V/PI staining show-
ing the apoptotic effects induced by rosmarinic acid in Hep-
G2 cells at varying doses of the molecule. 

Figure 6. Evaluation of the effects of rosmarinic acid on 
the expression of caspase-3 and caspase-9 using western 
blot method. The expression levels of both caspase-3 and 
caspase-9 were found to increase as the molecule dose in-
creased. The experiments were performed in triplicate.
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ing doses of rosmarinic acid at 0, 7, 14, 28 μM 
doses increased the percentage of apoptotic cells 
from 5.54% in the control group to 5.83, 11.63 and 
24.68% respectively (Figure 5). 

Rosmarinic acid modulated the expressions of apopto-
sis-related proteins 

 The apoptotic effects of rosmarinic acid were fi-
nally confirmed by carrying out experiments using 
western blot assay. The results are shown in Fig-
ures 6 and 7 and reveal that rosmarinic acid led to 
upsurge of expression levels of both caspase-3 and 
caspase-9 dose-dependently hinting at the apop-
totic cell death induced by rosmarinic acid. Further 
the expression of Bax was shown to increase while 
as that of Bcl-2 was shown to decrease. Both these 
counter effects were seen to follow rosmarinic acid 
dose (Figure 7). 

Rosmarinic acid suppressed cell migration and inva-
sion in Hep-G2 cells

 In vitro wound healing assay for cell migra-
tion and transwell assay for cell invasion were 
performed to evaluate the anti-metastatic effects 
of rosmarinic acid in Hep-G2 liver cancer cells. Fig-
ure 8 shows the cell migration results and reveal 
that rosmarinic acid suppressed dose-dependently 
cell migration ability in these liver cancer cells 
even at a dose of 14 μM as was clearly visible from 
the wound width at this dose. Figure 9 shows that 
rosmarinic acid also led to a dose-dependent in-
hibition of Hep-G2 cell invasion tendency. Both 
these results convincingly point out to the fact 
that rosmarinic acid may find applications as an 
anti-metastatic drug which can stop the spread of 
tumor cells to neighbouring tissues. 

Discussion

 Apoptosis or programmed cell death is a well 
organised biochemical process which helps eradi-
cating damaged cells which otherwise can cause 
diseases. Apoptosis is one of the most well studied 
biochemical processes mainly because of its role 
in normal as well as in several pathological condi-
tions including cancer. Apoptosis is characterized 
by several morphological as well as biochemical 
changes within the cells. The morphological chang-
es of apoptosis include cell membrane damage, cel-
lular contraction, and membrane blebbing, while Figure 7. Effects of rosmarinic acid on the expression lev-

els of apoptosis-related proteins like Bax and Bcl-2 using 
western blot assay. The Figure shows that the expression 
levels of Bax enhanced with increasing molecule dose, in 
contrast to Bcl-2 levels indicating apoptotic cell death. The 
experiments were performed in triplicate.

Figure 8. In vitro wound healing assay for evaluation of 
effects of rosmarinic acid on the Hep-G2 cancer cell migra-
tion. The experiments were performed in triplicate. Ros-
marinic acid was shown to induce significant cell migra-
tion inhibitory effects. The experiments were performed 
in triplicate.

Figure 9. Transwell assay using Matrigel for evaluation 
of effects of rosmarinic acid on the Hep-G2 cancer cell 
invasion. The experiments were performed in triplicate. 
Rosmarinic acid was shown to induce significant cell inva-
sion inhibitory effects. The experiments were performed 
in triplicate.
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biochemical changes include activation of several 
caspases including caspase 3 and caspase 9, activa-
tion of Bax protein, and inhibition of Bcl-2 protein, 
DNA fragmentation and protein degradation. The 
most noticeable feature of apoptosis is the activa-
tion of caspases which are essentially cysteine pro-
teases that can slice numerous important cell pro-
teins that degrade the nucleus. These caspases can 
also trigger DNAases which catalyse nuclear DNA 
damage. Several of the naturally occurring plant 
molecules have been reported to induce apoptotic 
cell death in a wide range of cancer cell lines [15-
17]. In the current study we investigated the anti-
cancer and apoptosis-inducing effects of rosmarinic 
acid in Hep-G2 cell line along with its effects on 
cell migration and invasion. Rosmarinic acid has 
also been shown to exert anticancer effects in hu-
man prostate cancer cells by cell cycle arrest and 
inducing apoptosis by modulating the expression 
of HDAC2 [18]. This molecule in combination with 
Adriamycin has been reported to induce apoptosis 
by activating mitochondrial-mediated signalling 
pathway in Hep-G2 and Bel-7402 cells [19]. 
 In the current study, we found that the cell vi-
ability of these Hep-G2 cancer cells was drastically 
reduced as the dosage of rosmarinic acid increased 
from 0 to 320 μM. Increasing doses of rosmarinic 
acid at 0, 7, 14, 28 μM doses led to a significant 
chromatin condensation shown by DAPI fluores-
cence. Comet assay results revealed that as com-
pared to the untreated control cells which indicated 
intact DNA with no signs of DNA fragmentation, 
acid rosmarinic acid-treated cells exerted potent 
DNA damaging effects in these liver cancer cells in 
which these cells with DNA damage appear as com-

ets. The results of AO/EB staining revealed that the 
number of apoptotic cells increased significantly 
with increasing rosmarinic acid dosage. Untreated 
cells showed no signs of apoptosis. Flow cytometry 
measurements quantified the percentage of cells 
which had undergone apoptosis at each tested dose 
of the molecule. Increasing doses of rosmarinic acid 
at 0, 7, 14, 28 μM doses increased the percentage 
of apoptotic cells from 5.54% in the control group 
to 5.83, 11.63 and 24.68%, respectively. Rosmarinic 
acid led to increased expression levels of both cas-
pase-3 and caspase-9 dose-dependently hinting at 
the apoptotic cell death induced by the molecule. 
Further, the expression of Bax was shown to in-
crease while that of Bcl-2 was shown to decrease. 
Rosmarinic acid was also shown to inhibit both cell 
migration and invasion in Hep-G2 liver cancer cells. 

Conclusion

 In conclusion, the results of this study showed 
that the cytotoxic effects induced by rosmarinic 
acid in Hep-G2 cells are mediated via apoptosis 
induction, caspase activation and inhibition of cell 
migration and invasion. 

Funding support

 This study was supported by Assisting Funds 
for Liver Diseases and AIDS of Beijing You’an Hos-
pital (2-03-02-BJYAH-2015-YN17). 

Conflict of interests

 The authors declare no conflict of interests.

References

1. Jemal A, Bray F, Center MM, Ferlay J, Ward E, Forman 
D. Global cancer statistics. CA Cancer J Clin 2011;61:69-
90.

2. Ferlay J, Shin H-R, Bray F, Forman D, Mathers C, Parkin 
DM. Estimates of worldwide burden of cancer in 2008: 
GLOBOCAN 2008. Int J Cancer 2010;127:2893-917.

3. Tabor E. Hepatocellular carcinoma: Global epidemiol-
ogy. Dig Liver Dis 2001;33:115-7.

4. Massarweh NN, El-Serag HB Epidemiology of hepa-
tocellular carcinoma and intrahepatic cholangiocar-
cinoma. Cancer Control 2017;24:1073274817729245.

5. Poon D, Anderson BO, Chen LT et al Management of 
hepatocellular carcinoma in Asia: consensus statement 
from the Asian Oncology Summit 2009. Lancet Oncol 
2009;10:1111-8.

6. Torre LA, Bray F, Siegel RL et al Global cancer statis-
tics, 2012. CA Cancer J Clin 2015;65:87-108.

7. Allemani C, Weir HK, Carreira H et al. Global surveil-
lance of cancer survival 1995-2009: analysis of individ-
ual data for 25,676,887 patients from 279 population-
based registries in 67 countries (CONCORD-2). Lancet 
2015;385:977-1010.

8. Lee IJ, Seong J. Radiotherapeutic strategies in the 
management of hepatocellular carcinoma. Oncology 
2011;81:123-33.

9. Wang X, Wang N, Cheung F, Lao L, Li C, Feng Y. Chi-
nese medicines for prevention and treatment of human 
hepatocellular carcinoma: current progress on phar-
macological actions and mechanisms: J Integr Med 
2015;13:142-64.



Rosmarinic acid against liver carcinoma 1389

JBUON 2020; 25(3): 1389

10. Aastha Jindal, Anusha Thadi, Kunwar Shailubhai. Hepa-
tocellular Carcinoma: Etiology and Current and Future 
Drugs. J Clin Exp Hepatol 2019;9:221-32.

11. Gu S, Pei J. Chinese Herbal Medicine Meets Biologi-
cal Networks of Complex Diseases: A Computational 
Perspective. Evidence-Based Complem Altern Med 
2017:1-7.

12. Ma L, Wen S, Zhan Y, He Y, Liu X, Jiang J. Antican-
cer effects of the Chinese medicine matrine on mu-
rine hepatocellular carcinoma cells. Planta Medica 
2008;74:245-51.

13. Wang S, Zheng Z, Weng Y et al. Angiogenesis and anti-
angiogenesis activity of Chinese medicinal herbal ex-
tracts. Life Sci 2004;74:2467-78.

14. Kwan Yuet Ping, Ibrahim Darah, Yeng Chen, 
Sreenivasan Sasidharan. Cytotoxicity and genotoxic-
ity assessment of Euphorbia hirta in MCF-7 cell line 
model using comet assay. Asian Pac J Trop Biomed 
2013;3:692-6. 

15. Ghobrial IM, Witzig TE, Adjei AA. Targeting apo-
ptosis pathways in cancer therapy. CA Cancer J Clin 
2005;55:178-94.

16. Ouyang L, Shi Z, Zhao S et al. Programmed cell death 
pathways in cancer: a review of apoptosis, autophagy 
and programmed necrosis. Cell Prolif 2012;45:487-98.

17. Lavrik IN, Golks A, Krammer PH. Caspases: pharma-
cological manipulation of cell death. J Clin Invest 
2005;115:2665-72.

18. Yin-Gi Jang, Kyung-A Hwang, Kyung-Chul Choi. Ros-
marinic Acid; a Component of Rosemary Tea, Induced 
the Cell Cycle Arrest and Apoptosis through Modu-
lation of HDAC2 Expression in Prostate Cancer Cell 
Lines. Nutrients 2018;10:1784.

19. Youxia Huang, Yingjian Cai, Ronggui Huang, Xing-
zhong Zheng. Rosmarinic Acid Combined with Adria-
mycin Induces Apoptosis by Triggering Mitochondria-
Mediated Signaling Pathway in HepG2 and Bel-7402 
Cells. Med Sci Monit 2018;24:7898-08.


