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ABSTRACT 
The purpose of the study was to investigate the cyto-
toxic effects of carnosic acid alone and in combination 
with cisplatin on human liver cancer cells and their ca-
pacity to scavenge reactive oxygen species induced in 
the presence or absence of hydrogen peroxide. Cyto-
toxic effects of agents on human liver cancer cells for 24 
and 48 hours were evaluated by methyl-thiazol tetra-
zolium-bromide assay. Mitochondrial membrane poten-
tial were detected via JC-1 kit. The intracellular reactive 
oxygen species levels were determined using 2’-
7’dichlorofluorescin diacetate assay. According to our 
findings, both carnosic acid alone and in combination 
with cisplatin showed cytotoxic effects in human liver 
cancer cells at 24 and 48 hours of exposure. In particu-
lar, it was seen that the cell viability significantly de-
creased in a dose-dependent manner at 48 hours of 
exposure, and the combined treatment was found to 
have a more pronounced cytotoxic effect. In addition, all 
carnosic acid concentrations alone and in combination 
with cisplatin were identified to significantly reduce 
mitochondrial membrane potential. We observed that 
both carnosic acid alone and in combination with cis-
platin lowered intracellular reactive oxygen species 
levels in the presence or absence of hydrogen peroxide. 
The results suggested that carnosic acid alone or in 
combination with cisplatin might be a promising agent 
in the treatment of liver cancer. 
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ÖZ 
Bu çalışmanın amacı, karnosik asitin tek başına ve 
sisplatin ile kombinasyonu insan karaciğer kanseri hüc-
releri üzerinde sitotoksik etkilerini ve bunların hidrojen 
peroksit varlığında veya yokluğunda indüklenen reaktif 
oksijen türlerini temizleme kapasitelerini araştırmaktır. 
Maddelerin insan karaciğer kanser hücreleri üzerindeki 
24 ve 48 saatlik sitotoksik etkileri metil-tiyazol 
tetrazolyum-bromür testi ile değerlendirildi. 
Mitokondriyal membran potansiyeli JC-1 kiti ile tespit 
edildi. Hücre içi reaktif oksijen türlerinin düzeyleri 2’-
7'diklorofloresin diasetat yöntemi kullanılarak belirlen-
di. Bulgularımıza göre, 24 ve 48 saatlik maruziyette 
karnosik asitin hem tek başına hem de sisplatin ile kom-
binasyonu insan karaciğer kanser hücrelerinde 
sitotoksik etkiler gösterdi. Özellikle, 48 saatlik 
maruziyette doza bağlı bir şekilde hücre canlılığını 
önemli ölçüde azalttığı görüldü ve kombine tedavinin 
daha belirgin bir sitotoksik etkiye sahip olduğu bulun-
du. Ayrıca, tüm karnosik asit konsantrasyonlarının tek 
başına ve sisplatin ile kombinasyonlarının 
mitokondriyal membran potansiyelini önemli ölçüde 
azalttığı belirlendi. Hem karnosik asitin tek başına hem 
de sisplatin ile kombinasyonu hidrojen peroksit varlı-
ğında veya yokluğunda hücre içi reaktif oksijen türleri-
nin düzeylerini düşürdüğünü gözlemledik. Sonuçlar, 
karnosik asitin tek başına veya sisplatin ile kombinas-
yon şeklinde karaciğer kanserinin tedavisinde umut 
verici bir ajan olabileceğini düşündürdü. 
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INTRODUCTION 
Cancer continues to be prominent health problem 
worldwide and the number of cases is expected to in-
crease in the coming years, especially in developing 
countries.1 Hepatocellular carcinoma (HCC), a malignant 
tumor, is seen as the most prevalent cause of cancer-
associated mortality and has a high relapse rate,2 and is 
resistant to chemotherapy, which makes it difficult the 
cure the disorder.3 Due to the continuous increase in the 
incidence of HCC in recent years, it is very important to 
determine effective therapeutic agents for the treatment 
of HCC.4 Natural products are an important source of 
bioactive compounds that have both chemopreventive 
and chemotherapeutic roles against several types of 
cancer.5 
Carnosic acid (CA) is a bioactive phenolic diterpene 
primarily present in Salvia officinalis and Rosmarinus  
officinalis6,7 and displays pharmacological and biological 
activities such as antioxidant, anticancer activities, an-
timicrobial, anti-apoptotic, anti-inflammatory, antipro-
liferative, and neuroprotective.8-17 Studies on its anti-
tumoral effect, which is among these properties, have 
focused on this feature of CA in many cancer cells.15 

Among these studies, in addition to inhibiting cell 
growth in human cervical cancer cells, CA has been 
stated to induce apoptosis in some cancer cell lines such 
as HCC, neuroblastoma, and human prostate cancer.16,17  
Cisplatin (Cis) is one of the most effective and widely 
used chemotherapeutic drugs for the treatment of some 
carcinomas and is used in combination with other 
agents in the treatment of different types of cancer. The 
mechanism of the impress of Cis therapy is based on 
DNA damage by interfering with DNA repair mecha-
nisms. This treatment is known to cause many toxic side 
effects.18,19 
However, since liver cancer is resistant to chemother-
apy, which complicates the treatment of the disease, 
adjuvant agents are needed to limit the side effects of 
Cis. It is important to develop new pharmaceutical prod-
ucts with less toxicity, especially products derived from 
natural sources.17 Therefore, the purpose of our study 
was to assess the cytotoxic properties of CA alone and in 
combination with Cis on human liver cancer (HepG2) 
cells and their capacity to scavenge reactive oxygen 
species (ROS) induced in the presence or absence of 
hydrogen peroxide (H2O2). 
 
MATERIALS AND METHODS 
Chemicals 
CA was purchased from Santa Cruz Biotechnology. Cis 
was obtained from Koçak Farma. H2O2 was supplied 
from Merck. DMEM culture medium, fetal bovine serum 
(FBS), penicillin-streptomycin, and trypsin-EDTA were 
supplied from Capricorn Scientific GmbH. Dimethyl sul-
foxide (DMSO), methyl-thiazol tetrazolium-bromide 
(MTT), and dichlorodihydrofluorescein-diacetate (DCFH
-DA) were obtained from Sigma Chemical. Cells supple-
mented with 0.1% DMSO alone were reflected as con-
trol. All substances were dissolved in DMSO with 99% 
purity and diluted with medium so that the final concen-
tration of DMSO was 0.1%. 
Cell culture 
HepG2 cell was obtained from ATCC (USA) and grown in 
DMEM containing 10% FBS and supplemented with 1% 

penicillin-streptomycin. The cells incubated in a humid 
atmosphere including air (95%), CO2 (5%), and at 37°C 
were routinely controlled and then treated with trypsin-
EDTA followed by treatment with different concentra-
tions of agents. Cells treated with DMSO (0.1%) alone 
were considered negative control. 
Cell viability assay 
The cytotoxicity properties of agents on the HepG2 cell 
were detected using the MTT test.20 Firstly, cells were 
plated in 96-well plates to a final concentration of 104/
well. To determine the cytotoxic concentrations and the 
values of IC50, firstly CA (1-500 µM) and Cis (1-40 µM) 
were applied to the cell for 24 and 48 hours of exposure. 
The effective concentrations of CA and Cis were deter-
mined according to the IC50 values obtained. IC50 values 
were calculated using concentration–response curves to 
express the effects of test substances on cell viability. 
Cells were then exposed to CA (50, 100, and 150 μM), 
Cis (10 μM), and their combinations for 24 and 48 h. 
And then, the HepG2 cell was treated with a dose of 0.5 
mg/mL MTT for 3 h and then the medium was removed. 
To dissolve the formazan-crystal, the DMSO solution 
(100 µL) was supplemented and the plates were shaken 
at room temperature for 15 min. The absorbance was 
read at 570 nm on a reader (Biotek Synergy HT, Gen5, 
Vermont, USA). The results were expressed as the mean 
percentage of cell growth. 
Detection of MMP potential  
The mitochondrial membrane potential (MMP) was 
determined in HepG2 cells after exposure to agents us-
ing the JC-1 assay kit (Cayman Chemical Company, USA), 
and the assay was carried out with the manufacturer’s 
instructions. The fluorescence intensities were recorded 
by using a microplate reader (Biotek Synergy HT, Gen5, 
Vermont, USA). Monomeric JC-1 (green) was detected 
by excitation at 485 nm and emission at 535 nm. Aggre-
gated JC-1 (red) was determined by excitation at 535 
nm and emission at 595 nm. The ratios of red and green 
JC-1 fluorescence was calculated. 
Measurement of intracellular ROS production in the 
presence or absence of H2O2 
ROS levels in HepG2 cells was analyzed by the method 
of DCFH-DA.21 Firstly, HepG2 cells (1x 104) were placed 
in 96-well black plates and held for 24 h. After changing 
the medium, cells were exposed to agents for 1 h and 
then exposed to H2O2 (100 µM) for 2 h. After washing 
twice with cold PBS, DCFH-D) (5 μM) was supplemented 
to the cell and held for 45 min at 37 °C in the dark. The 
fluorescence was read by a microplate reader (Biotek 
Synergy HT, Gen5, Vermont, USA). The wavelengths of 
excitation and emission were 485 and 550 nm, respec-
tively. 
Statistical analysis 
SPSS 18.0 was applied for statistical evaluation. Data 
were assessed for normality assumption and homoge-
neity of variance. The compliance of the data for normal 
distribution was checked with the “Shapiro-Wilk” test 
and it was observed that it had a normal distribution 
(p>0.05). The significance was calculated using one-way 
analysis of variance (ANOVA) with an LSD post-hoc test 
and p values of ˂0.05 were regarded as statistically sig-
nificant. Experiments were repeated three times at dif-
ferent time periods. Experiments were repeated tripli-
cate and values were indicated as the mean ± standard 
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error. 
 
RESULTS  
CA and CA+Cis reduced cell viability in HepG2 cell 
Firstly, we evaluated the cytotoxic effects of CA in a 
wide concentration range (1-500 µM) in HepG2 cells 
with the MTT test for 24 and 48-h incubation periods. 
IC50 values of CA were determined to be 144 µM 
(R2=0.849) and 87 µM (R2=0.977) for 24 h and 48 h, 
respectively. After determining the effective concentra-
tions, considering the IC50 values; 50, 100, and 150 µM 
concentrations of CA and 10 µM concentration of Cis 
were selected for all experiments.  
According to the cytotoxicity results of 24-hour expo-
sure, we observed that of CA and their combinations 
with Cis decreased cell viability in a concentration-
dependent manner. In particular, we determined that 
concentrations of 150 µM CA (p<0.001), Cis+100 µM CA 
(p=0.013), and Cis+150 µM CA (p=0.004) caused a sub-
stantial decrease in % cell viability in comparison to the 
control (Figure1A). 
According to the cytotoxicity results of 48-hour expo-
sure, the decrease in cell viability in a concentration-
dependent manner was determined to be quite signifi-
cant for all CA doses and their combinations with Cis 

compared to the control cells (p<0.001). In addition, 
when compared with the Cis, the Cis+50 µM CA 
(p=0.014) led to an important reduction in cell viability, 
while the Cis+100 µM CA (p<0.001) and Cis+150 µM CA 
(p<0.001) caused a notably significant decrease in the % 
cell viability (Figure1B). 
CA and CA+Cis reduced MMP in HepG2 cell 
A typical feature of the early stage of apoptosis involv-
ing changes in MMP is the disruption of mitochondria 
and the oxidation-reduction incidental to the mitochon-
dria. JC-1 gathers in the matrix in healthy cells with high 
MMP and instantly makes up complexes in the form of J-
aggregates with intense red fluorescence. In apoptotic 
or unsanitary cells with low MMP, JC-1 remains in 
monomeric form, showing green fluorescence. Hereby, 
the red-to-green reversion of JC-1 fluorescence shows a 
reduction in MMP.2 
Our finding indicated that HepG2 cells were exposed to 
all CA concentrations and their combinations with Cis 
24 h resulted in notable reductions in the ratio of red/
green fluorescence when compared to the control as 
demonstrated in Figure2. In particular, we detected that 
concentrations of 50 µM CA (p=0.004), 100 µM CA 
(p=0.004), 150 µM CA (p<0.001), Cis+50 µM CA 
(p=0.010), Cis+100 µM CA (p<0.001), and Cis+150 µM 

Figure1: Cytotoxic effects of CA alone and in combination with Cis on HepG2 cells viability for 24 h (A) and 48 h (B) using MTT 
assay. Cell viability was plotted as a percent of the control (assuming data obtained from untreated cells as 100%). Differences 
between the means of data were compared by the one-way analysis of variance (ANOVA) test and post hoc analysis of group differ-
ences by the least significant difference (LSD) test (n=8).*p<0.05 compared to control;**p<0.001 compared to control; ap<0.05 com-
pared to Cis; aap<0.001 compared to Cis. 

Figure 2: MMP changes in HepG2 cells treated with CA alone and in combination with Cis. Differences between the means of data 
were compared by the one-way analysis of variance (ANOVA) test and post hoc analysis of group differences by the least significant 
difference (LSD) test (n=8).*p<0.05 compared to control; ap<0.05 compared to Cis. 
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CA (p<0.001) caused a substantial decrease in MMP in 
comparison to the control. Furthermore, a decrease in 
MMP in the Cis+150 µM CA group was found to be sub-
stantial in comparison to the Cis-treated cells (p=0.001). 
CA and CA+Cis reduced significantly ROS generation 
in HepG2 cells 
Based on the DCFH-DA assay, we determined that all CA 
concentrations and their combination with Cis signifi-
cantly reduced intracellular ROS levels when compared 
to the control (p<0.001). When compared to Cis, the 
decrease in DCF fluorescence was found to be signifi-
cant in the Cis+150 µM CA (p=0.17) as seen in Figure3A. 
In the presence of H2O2, we found that all CA concentra-
tions and their combinations with Cis significantly re-
duced intracellular ROS levels (p<0.001) as shown in 
Figure3B. 

DISCUSSION  
Today, the discovery of new natural products with high 
anticancer activity but no toxicity on healthy cells come 
to the fore as a substantial option in cancer therapy. The 
use of various herbal phenolic compounds with chemo-
therapeutic drugs is important in terms of increasing 
the anticancer efficacy of these agents and reducing 
their possible adverse effects. For this purpose, we in-
vestigated the potential cytotoxicity of CA administered 
at various concentrations alone or in combination with 
Cis in HepG2 cells.  
The results obtained from this study showed that CA, 
alone or in combination with Cis, potently reduced cell 
viability in HepG2 cells, induced MMP changes, and sig-
nificantly reduced intracellular ROS generation in the 
presence or absence of H₂O₂. 
As a polyphenol, CA has been suggested to prevent the 
growth of several human cancer cells as a hopeful die-
tary supplement in the prevention and treatment of 
human diseases.22,23 Cis is an excellent chemotherapy 
agent for various cancers, but it does cause some side 
effects. Therefore, the combined treatment of Cis with 
anticancer natural products may increase its therapeu-
tic potential and reduce its adverse effects.24 Since there 
is no data in the literature about the combined effects of 
CA and Cis on HCC, we evaluated this effect in our study 
and observed significant dose-dependent cytotoxic ef-
fects on HepG2 cells.  

Our data from cytotoxicity results showed that all con-
centrations of CA (50 µM, 100 µM, and 150 µM) and 
their combination with Cis decreased cell viability with 
24 h exposure in HepG2 cells. In particular, we deter-
mined that concentrations of 150 µM CA, Cis+100 µM 
CA, and Cis+150 µM CA raised a substantial reduction in 
cell viability compared to the control. Moreover, all con-
centrations of CA (50, 100, and 150 µM) and their com-
bination with Cis were found to significantly reduce cell 
viability in a dose-dependently with 48 hours of expo-
sure in HepG2 cells. In addition, when compared with 
the Cis-treated cells, the Cis+50 µM CA caused a signifi-
cant reduction in cell viability, while the Cis+100 µM CA 
and Cis+150 µM CA caused a highly significant decrease 
in cell viability. 
 

In other studies, cytotoxic effects of CA have been ob-
served in various cancer cells. Xiang et al.2 observed that 
according to the results of the MTT test, 50 and 100 µM 
CA reduced dose-dependently cell viability in HepG2 
cells at 24 hours of exposure. Zhang et al.12 have also 
demonstrated the destructive effects of CA on HCC in 
vitro and in vivo studies. In vitro, CA significantly re-
duced cell viability and inhibited cell growth in HepG2 
and SMMC-7721 cells. Kaplan et al.25 established that CA 
considerably prevents HepG2 cell growth in a dose and 
time-dependently. Yesil-Celiktas et al.23 observed a de-
crease in cell viability of various cancer cell lines ex-
posed to CA at doses of 6.25 to 50 μg/ml for 48 hours. In 
particular, they observed that CA at 6.25 μg/ml dose led 
to the least cell viability, resulting in a superior anti-
proliferative effect. Corveloni et al.14 found that CA treat-
ment inhibited cell proliferation in non-small-cell hu-
man lung carcinoma (NCI-H460) and was only seen at 
elevated doses (160-320 μM). Su et al.26 reported that 
CA (5-100 mM) decreased the cell viability in cervical 
cancer CaSki and SiHa cells in a time and dose-
dependently according to the MTT test results. Tsai et 
al.9 stated that CA dose-dependently reduced the cell 
viability for 24 h and displayed vigorous cytotoxicity 
against human neuroblastoma IMR-32 cells at an IC50 
value of about 30 μM. Bai et al.27 found that CA showed 
strong antiproliferative effects on HL-60 cells at an IC50 
value of 1.7 μM and on COLO 205 cells at an IC50 value of 

Figure3:ROS levels in HepG2 cells treated with CA alone and in combination with Cis in the absence of H2O2 (A) and the presence 
of H2O2 (B) by quantitative analysis of the fluorescent intensity of DCF. Differences between the means of data were compared by 
the one-way analysis of variance (ANOVA) test and post hoc analysis of group differences by least significant difference (LSD) test 
(n=8).ap<0.05 compared to Cis;**p<0.001 compared to control; bp<0.001 compared to the H2O2 group. 
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32.8 μM. 
Recent discoveries have shown that mitochondria, 
which are known to have a role in cancer development, 
are targeted by some plant polyphenols in cancer cells.28 

MMP, which reflects the functional state of mitochon-
dria, is thought to be associated with cell differentiation 
status, malignancy, and tumorigenicity.29 In our study, 
we observed that all concentrations of CA and their 
combinations with Cis significantly reduced MMP in 
HepG2 cells. Consistent with our result, Xiang et al.2  
observed CA-induced MMP changes in HepG2 cells. 
They found that exposure of HepG2 to CA (10, 25, and 
50 μM) for 24 resulted in significant reductions in the 
ratio of red-green fluorescence in comparison to con-
trol, suggesting that CA may be a hopeful dietary poly-
phenol in the repress of cancer cell proliferation. Zhang 
et al.12 also showed that exposure to 30 μM and 60 μM 
CA for 6 h led to a reduction in MMP in HepG2 and 
SMMC-7721 cells.  
ROS are quite reactive radicals under the control of in-
tracellular antioxidants and lead to many diseases, in-
cluding cancer.30 Excessive ROS production by mito-
chondria in cancer cells plays an important role in can-
cer development by leading to oxidative DNA dam-
age.30,31 H2O2 is a substantial product in oxidative stress-
caused cell death, redox regulation, and signaling.32,33  

In our study, H2O2 was used as an intracellular stimulant 
because it causes cell death through oxidative signaling. 
Our DCFH-DA assay results showed that intracellular 
ROS levels were reduced by all CA concentrations and 
their combination with Cis in the presence or absence of 
H₂O₂. This is because a decrease in the levels of ROS, 
which has a significant role in the promoter and pro-
gress of cancer, may have prevented the proliferation of 
cancer cells.34 Having obtained similar results, Kim et 
al.33 determined that turmeric leaf extract, which has 
antioxidant properties, inhibited intracellular ROS for-
mation in Vero cells treated with 600 µM H2O2. Simi-
larly, Hu et al.35 examined the level of ROS in H2O2-
treated HepG2 cells to examine whether CA confers 
protection against oxidative damage. After pretreatment 
with CA at a dose range of 2.5-10 µM for 2 h, cells were 
exposed to H2O2 (3 mM) for 4 h. They determined that 
cells exposed to H2O2 showed accumulation of ROS and 
pretreatment with CA significantly decreased ROS com-
pared to the H2O2 treatment group. On the other hand, 
while Cis was expected to increase ROS levels in HepG2 
cells, it was a striking result that it decreased ROS levels 
statistically and significantly in the presence of H2O2. 
This suggested that this was probably due to Cis trigger-
ing the intracellular antioxidant defense system or 
through other mechanisms. Therefore, this issue needs 
to be clarified with further studies. 
 
CONCLUSION 
In conclusion, the main finding of our study revealed 
that CA, alone or in combination with Cis, potently in-
hibits HepG2 cancer cell growth, induces changes in 
MMP, and significantly reduces intracellular ROS gen-
eration in HepG2 cells in the presence or absence of 
H₂O₂. Collectively, the results from this study suggested 
that CA alone or in combination with Cis might be a 
promising agent in the treatment of liver cancer. 
The authors declare no conflict of interest. 

Ethics Committe Approval: There is no need to obtain 
ethical approval. 
Informed Consent: There is no need to obtain 
informed consent. 
Peer-revlew: Externally peer-reviewed. 
Author Contributions: Concept–AE; UNA; Design–AE, 
UNA.; Supervision–AE; Resources–AE; UNA;  Materials–
AE; Data collection and/or Processing–UNA, EB, AÖH; 
Analysis and/or Interpretation–AE, UNA, EB, AÖH; 
Literature Search–UNA, AE, EB, AÖH; Writing 
Manuscript–AE, EB, AÖH; Critical Review–AE, UNA. 
Declaration of Interest: The authors declare no 
conflict of interest. 
Funding: This study was funded by the Erciyes 
University Scientific Research Projects Unit with the 
project number TYL-2018-8632. 
 
Etik Komite Onayı: Etik onay almaya gerek yoktur. 
Bilgilendirilmiş Onam: Bilgilendirilmiş hasta onam 
alınmasına gerek yoktur. 
Hakem Değerlendirmesi: Dış bağımsız. 
Yazar Katkıları: Fikir–AE; UNA; Tasarım–AE, UNA; 
Denetleme–AE; Kaynaklar–AE; UNA; Malzemeler–AE; 
Veri Toplanması ve/veya İşlenmesi–UNA, EB, AÖH; Ana-
liz ve/veya Yorum–AE, UNA, EB, AÖH; Literatür Tara-
ması–UNA, AE, EB, AÖH; Yazıyı Yazan–AE, EB, AÖH; 
Eleştirel İnceleme–AE, UNA. 
Çıkar Çatışması: Yazarlar çıkar çatışması olmadığını 
beyan etmektedir. 
Finansal Destek: Bu çalışma Erciyes Üniversitesi Bilim-
sel Araştırma Projeleri Birimi tarafından TYL-2018-
8632 proje numarasıyla finanse edilmiştir. 
 
REFERENCES 
1. Ottoni FM, Gomes ER, Padua RM, Oliveira MC, Silva 

IT, Alves RJ. Synthesis and cytotoxicity evaluation 
of glycosidic derivatives of lawsone against breast 
cancer cell lines. Bioorg Med Chem Lett. 2020; 30
(2):126817. doi:10.1016/j.bmcl.2019.126817. 

2. Xiang Q, Ma Y, Dong J, Shen R. Carnosic acid in-
duces apoptosis associated with mitochondrial 
dysfunction and Akt inactivation in HepG2 cells. Int 
J Food Sci Nutr. 2015; 66(1):76-84. doi:10.3109/09 
637486.2014.953452. 

3. Geng N, Zheng X, Wu M, Yang L, Li X, Chen J. Tannic 
acid synergistically enhances the anticancer effi-
cacy of cisplatin on liver cancer cells through 
mitochondria-mediated apoptosis. Oncol Rep. 
2019; 42(5):2108-2116. doi:10.3892/or.2019.728 
1. 

4. Zhang X, Li W, Dou X, Nan D, He G. Astaxanthin 
encapsulated in biodegradable calcium alginate 
microspheres for the treatment of hepatocellular 
carcinoma in vitro. Appl Biochem Biotechnol. 2020; 
191(2):511-527. doi:10.1007/s12010-019-03174-
z. 

5. Liu Y, Whelan RJ, Pattnaik BR, et al. Terpenoids 
from Zingiber officinale (Ginger) induce apoptosis 
in endometrial cancer cells through the activation 
of p53. PLoS ONE. 2012;7(12):e53178. 
doi:10.1371/journal.pone.00 53178. 

6. Lin CY, Chen WJ, Fu RH, Tsai CW. Upregulation of 
OPA1 by carnosic acid is mediated through induc-
tion of IKKγ ubiquitination by parkin and protects 



Akın UN, Bakır E, Ökçesiz Hacıseyitoğlu A, Eken A 

Sağlık Bilimleri Dergisi (Journal of Health Sciences) 2024 ; 33 (1) 65 

against neurotoxicity. Food Chem Toxicol. 2020; 
136:110942. doi:10.1016/j.fct.2019.110942. 

7. Liu Y, Zhang Y, Hu M, Li YH, Cao XH. Carnosic acid 
alleviates brain injury through NF-κB-regulated 
inflammation and caspase-3-associated apoptosis 
in high fat-induced mouse models. Mol Med Rep. 
2019; 20(1):495-504. doi:10.3892/mmr.2019. 
10299. 

8. Erkan N, Ayranci G, Ayranci E. Antioxidant activi-
ties of rosemary (Rosmarinus officinalis L.) extract, 
blackseed (Nigella sativa L.) essential oil, carnosic 
acid, rosmarinic acid and sesamol. Food Chem.  
2008; 110(1):76-82. doi:10.1016/j.foodchem. 
2008.01.058. 

9. Tsai CW, Lin CY, Lin HH, Chen JH. Carnosic acid, a 
rosemary phenolic compound, induces apoptosis 
through reactive oxygen species-mediated p38 
activation in human neuroblastoma IMR-32 cells. 
Neurochem Res. 2011;36(12):2442-2451. doi:10.10 
07/s11064-011-0573-4. 

10. Ribeiro-Santos R, Carvalho-Costa D, Cavaleiro C, et 
al. A novel insight on an ancient aromatic plant: 
The rosemary (Rosmarinus officinalis L.). Trends 
Food Sci Technol. 2015;45(2):355-368. 
doi:10.1016/j.ti fs.2015.07.015. 

11. Bahri S, Jameleddine S, Shlyonsky V. Relevance of 
carnosic acid to the treatment of several health 
disorders: Molecular targets and mechanisms. Bio-
med Pharmacother. 2016; 84:569-582. doi:10.10 
16/j.biopha.2016.09.067. 

12. Zhang X, Chen Y, Cai G, Li X, Wang D. Carnosic acid 
induces apoptosis of hepatocellular carcinoma cells 
via ROS-mediated mitochondrial pathway. Chem 
Biol Interac. 2017; 277:91-100. doi:10.1016/j. 
cbi.2017.09.005. 

13. de Oliveira MR, da Costa Ferreira G, Peres A, Bosco 
SMD. Carnosic acid suppresses the H2O2-induced 
mitochondria-related bioenergetics disturbances 
and redox impairment in SH-SY5Y cells: Role for 
Nrf2. Mol Neurobiol. 2018; 55(2):968-979. 
doi:10.1007/s12035-016-0372-7. 

14. Corveloni AC, Semprebon SC, Baranoski A, Biazi BI, 
Zanetti TA, Mantovani MS. Carnosic acid exhibits 
antiproliferative and proapoptotic effects in tu-
moral NCI-H460 and nontumoral IMR-90 lung 
cells. J Toxicol Environ Health A. 2020; 83(10):412-
421. doi:10.1080/15287394.2020.1767741. 

15. Einbond LS, Wu HA, Kashiwazaki R, et al. Carnosic 
acid inhibits the growth of ER-negative human 
breast cancer cells and synergizes with curcumin. 
Fitoterapia. 2012; 83(7):1160-1168. doi:10.1016/
j.fitote.2012.07.006. 

16. Johnson JJ, Syed DN, Heren CR, Suh Y, Adhami VM, 
Mukhtar H. Carnosol, a dietary diterpene, displays 
growth inhibitory effects in human prostate cancer 
PC3 cells leading to G2-phase cell cycle arrest and 
targets the 5'-AMP-activated protein kinase 
(AMPK) pathway. Pharm Res. 2008; 25(9):2125-
2134. doi:10.1007/s11095-008-9552-0. 

17. El-Huneidi W, Bajbouj K, Muhammad JS, et 
al.Carnosic acid induces apoptosis and inhibits 
Akt/mTOR signaling in human gastric cancer cell 
lines. Pharmaceuticals. 2021; 14(3):230. 
doi:10.3390/ph14030230. 

18. Dasari S,Tchounwou PB. Cisplatin in cancer ther-
apy: molecular mechanisms of action. Eur J Phar-
macol. 2014; 740:364-378. doi:10.1016/j.ejphar. 
2014.07.025. 

19. Liu W, Wu TC, Hong DM, et al. Carnosic acid en-
hances the anti-lung cancer effect of cisplatin by 
inhibiting myeloid-derived suppressor cells. Chin J 
Nat Med. 2018; 16(12):907-915. doi:10.1016/
S1875-5364(18)30132-8. 

20. Mosmann T. Rapid colorimetric assay for cellular 
growth and survival: application to proliferation 
and cytotoxicity assays. J Immunol Methods. 1983; 
65(1-2):55-63. doi:10.1016/0022-1759(83)90303-
4. 

21. Wang H, Joseph JA. Quantifying cellular oxidative 
stress by dichlorofluorescein assay using mi-
croplate reader. Free Rad Biol Med. 1999; 27(5-
6):612-616. doi:10.1016/s0891-5849(99)00107-0. 

22. Petiwala SM, Johnson JJ. Diterpenes from rosemary 
(Rosmarinus officinalis): Defining their potential for 
anti-cancer activity. Cancer Lett. 2015; 367(2):93-
102. doi:10.1016/j.canlet.2015.07.005. 

23. Yesil-Celiktas O, Sevimli C, Bedir E, Vardar-Sukan F. 
Inhibitory effects of rosemary extracts, carnosic 
acid and rosmarinic acid on the growth of various 
human cancer cell lines. Plant Foods Hum Nutr. 
2010; 65(2):158-163. doi:10.1007/s11130-010-01 
66-4. 

24. Awad MG, Ali RA, Abd El-Monem DD, El-Magd MA. 
Graviola leaves extract enhances the anticancer 
effect of cisplatin on various cancer cell lines. Mol 
Cell Toxicol. 2020; 16:385-399. doi:10.1007/s132 
73-020-00092-8. 

25. Kaplan AK, Maras H, Kolsan M, Sitar M, Aktaş RG. 
Morphological and biochemical effects of carnosic 
acid on human hepatocellular carcinoma HepG2 
cells. Int J Med Surg Sci. 2021; 8(2):1355. doi:10.32 
457/ijmss.v8i2.1355. 

26. Su K, Wang CF, Zhang Y, Cai YJ, Zhang YY, Zhao Q. 
The inhibitory effects of carnosic acid on cervical 
cancer cells growth by promoting apoptosis via 
ROS-regulated signaling pathway. Biomed Pharma-
cother. 2016; 82:180-91. doi:10.1016/j.biopha. 
2016.04.056. 

27. Bai N, He K, Roller M, et al. Flavonoids and phenolic 
compounds from Rosmarinus officinalis. J Agric 
Food Chem. 2010; 58(9):5363-5367. doi:10.1021/
jf100332w.  

28. Ossikbayeva S, Khanin M, Sharoni Y, et al. Curcu-
min and carnosic acid cooperate to inhibit prolif-
eration and alter mitochondrial function of metas-
tatic prostate cancer cells. Antioxidants (Basel). 
2021; 10(10):1591. doi:10.3390/antiox10101591. 

29. Zhang BB, Wang DG, Guo FF, Xuan C. Mitochondrial 
membrane potential and reactive oxygen species in 
cancer stem cells. Fam Cancer. 2015; 14(1):19-23. 
doi:10.1007/s10689-014-9757-9. 

30. Yang Y, Karakhanova S, Hartwig W, et al. Mitochon-
dria and mitochondrial ROS in cancer: Novel tar-
gets for anticancer therapy. J Cell Physiol. 2016; 231
(12):2570-2581. doi:10.1002/jcp.25349. 

31. Karaca B, Bakır E, Yerer MB, Cumaoglu A, Hamurcu 
Z, Eken A. Doxazosin and erlotinib have anticancer 
effects in the endometrial cancer cell and impor-



 

 

Anticancer Effect of Carnosic Acid… 

Sağlık Bilimleri Dergisi (Journal of Health Sciences) 2024 ; 33 (1) 66 

tant roles in ERα and Wnt/β-catenin signaling 
pathways. J Biochem Mol Toxicol. 2021; 35
(11):e22905. doi:10.1002/jbt.22905. 

32. Abbasi A, Pakravan N, Hassan ZM. Hyaluronic acid 
optimises therapeutic effects of hydrogen peroxide
-induced oxidative stress on breast cancer. J Cell 
Physiol. 2021; 236(2):1494-1514. doi:10.1002/jcp. 
29957. 

33. Kim S, Kim M, Kang MC, et al. Antioxidant effects of 
turmeric leaf extract against hydrogen peroxide-
induced oxidative stress in vitro in Vero Cells and 
in vivo in Zebrafish. Antioxidants (Basel). 2021; 10
(1):112. doi:10.33 90/antiox10010112. 

34. Wang J,Yi J. Cancer cell killing via ROS: to increase 
or decrease that is the question. Cancer Biol Ther. 
2008; 7(12):1875-1884. doi:10.4161/cbt.7.12.70 
67. 

35. Hu Y, Zhang N, Fan Q, et al. Protective efficacy of 
carnosic acid against hydrogen peroxide induced 
oxidative injury in HepG2 cells through the SIRT1 
pathway. Can J Physiol Pharmacol. 2015; 93(8):625
-631. doi:10.1139/cjpp-2014-0513. 

 


