
Introduction
Zingiber officinale Roscoe (Ginger) and Rosmarinus 
Officinalis L. (Rosemary) are examples of medicinal herbs 
showing anti-cancer properties. Ginger belongs to the 
Zingiberaceae family and is rich in phenolic compounds 
such as paradols, gingerols, and shogaols, and it is one 
of the most important plants with various medicinal 
features.1 In particular, biologically active constituents of 
ginger have been demonstrated to mediate anti-tumor,2,3 
anti-oxidant,4 anti-inflammatory,5 and anti-angiogenesis 
activities.6

Rosemary is a popular medicinal herb that is native to 
the Mediterranean region and belongs to the Lamiaceae 
family.7 Rosemary contains flavonoids (luteolin and 
apigenin), diterpenes (carnosol and carnosic acid), and 

phenolic acids.8 In vitro and in vivo studies showed 
potent antimicrobial,9 anti-tumor,10 and anti-oxidant11 
properties of rosemary extract. Besides, rosemary extract 
showed significant anti-proliferative activities against 
human breast cancer cell line (MCF-7).12

Cancer is one of the major causes of public health 
problems. Colorectal cancer is the third most commonly 
diagnosed cancer, with an increasing worldwide 
prevalence. For studying colorectal cancer, CT-26 cell 
line was used, a colorectal carcinoma cell line that induces 
tumors in syngeneic BALB/c mice.13

The antiproliferative and apoptotic effects of ginger and 
rosemary extracts have been reported in different studies; 
however, to our knowledge, no study has been performed 
to evaluate the combined effects of these extracts on 

doi 10.34172/ijbsm.2022.21

Combination Effect of Ginger and Rosemary Extracts 
on CT-26 Mouse Colorectal Cancer Cells
Shima Makaremi1 ID , Ghasem Mosayebi2,3 ID , Ali Ghazavi2,4 ID , Ali Ganji2,3* ID

1Student Research Committee, Arak University of Medical Sciences, Arak, Iran
2Molecular and Medicine Research Center, Arak University of Medical Sciences, Arak, Iran
3Department of Immunology, School of Medicine, Arak University of Medical Sciences, Arak, Iran
4Traditional and Complementary Medicine Research Center (TCMRC), Arak University of Medical Sciences, Arak, Iran

Int J Basic Sci Med. 2022;7(3):114-120 

http://ijbsm.zbmu.ac.ir/

© 2022 The Author(s); Published by Zabol University of Medical Sciences. This is an open-access article distributed under the 
terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted 
use, distribution, and reproduction in any medium, provided the original work is properly cited.

Please cite this article as follows: Makaremi S, Mosayebi G, Ghazavi A, Ganji A. Combination effect of ginger and rosemary extracts on 
ct-26 mouse colorectal cancer cells. Int J Basic Sci Med. 2022;7(3):114-120. doi:10.34172/ijbsm.2022.21.

Original Article

Abstract
Introduction: This study aimed to evaluate the potential apoptotic effects of Zingiber officinale 
Roscoe (ginger) and Rosmarinus Officinalis L. (rosemary) combination extracts on the mouse 
colorectal cancer cell line. 
Methods: After the preparation of the extracts, cytotoxicity and cell viability were measured by 
MTT assay, and the IC50 of each extract was calculated. Next, the combination index (CI) of 
the mixture of the extracts was evaluated by CompuSyn software. The apoptosis induction was 
evaluated by Annexin V/PI assay and caspase-3, Bcl-2, and Bax genes expression.
Results: The viability of the CT-26 cells exposed to ginger and rosemary extracts was significantly 
reduced in a dose-dependent manner (P < 0.05) with the confirmed synergistic effect of the 
mixture (CI = 0.89). Moreover, treatment of the cells with IC50 concentration of the extracts 
induced apoptosis, especially in the mixture group (P < 0.001). Additionally, expression levels 
of Bax and caspase-3 genes increased in the mixture group compared to the control (P < 0.001). 
Expression levels of Bcl-2 were increased in the rosemary and mixture groups compared to the 
control group (P < 0.05). 
Conclusion: The results of the present study revealed that the mixture of the extracts has 
synergistic cytotoxic and apoptotic effects on colorectal cancer cells. Therefore, the mixture of 
ginger and rosemary extracts can be used as a potential complementary therapy in the context 
of other therapeutic approaches for colorectal cancer.
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colorectal cancer cells. Therefore, this study is aimed to 
investigate the apoptotic effect of the mixture of ginger 
and rosemary extracts on CT-26 colorectal cancer cell line.

Materials and Methods
Preparation of Ginger and Rosemary Extracts 
Ginger rhizomes and the leaves of rosemary were 
purchased from a local store and identified and 
authenticated by an expert botanist at Arak University 
of Medical Sciences (Arak, Iran). For the preparation of 
the ethanolic extract of ginger, the rhizomes (30 g) were 
powdered and mixed with 300 mL of absolute ethanol 
(1:10 ratio) in a Soxhlet apparatus (Laborota 4000, 
Heidolph, Germany) for 4 hours at 78.9°C.14 Ethanol 
was evaporated to obtain the crude extract of ginger. To 
prepare the methanolic extract of rosemary, the leaves of 
rosemary were washed with distilled water and air-dried 
at room temperature. The dried leaves were crushed by 
a mechanical grinder, and the extract was prepared by 
mixing 30 g of powder with 300 mL of absolute methanol 
using a Soxhlet apparatus. The extract of rosemary was 
evaporated at 65°C. Ultimately, the dried ginger and 
rosemary extracts were dissolved in dimethyl sulfoxide 
(DMSO) and stored at -20°C.

Cell Line and Culture
CT-26 (mouse colon cancer) cell line was purchased 
from the Pasture Institute (Tehran, Iran). It was cultured 
in RPMI-1640 medium (Gibco, USA) supplemented 
with 100 µg/mL streptomycin (Gibco, USA), 100 U/mL 
penicillin (Gibco, USA), and 10% fetal bovine serum 
(Gibco, USA).

MTT Assay
Cell viability was determined using the MTT assay. 
For this purpose, the CT-26 cells (10 000 cells/well) 
were cultured in a 96-well plate overnight.15 Next, 
the cells were cultured for 36 hours in triplicate with 
different concentrations (50, 100, 200, and 400 µg/mL) 
of ginger extract, rosemary extract, and their mixture. 
The combination of ginger and rosemary extracts was 
prepared by mixing equal amounts of each extract (50 
µg/mL [25 µg/mL of ginger + 25 µg/mL of rosemary], 100 
µg/mL [50 µg/mL of ginger + 50 µg/mL of rosemary], 200 
µg/mL [100 µg/mL of ginger + 100 µg/mL of rosemary], 
and 400 µg/mL [200 µg/mL of ginger + 200 µg/mL of 
rosemary]). Navelbine (50 µg/mL) as a chemotherapeutic 
agent and DMSO (1% v/v final concentration) were used 
as positive and negative controls, respectively. Then, 5 mg/
mL of MTT solution was added to each well, and the cells 
were incubated for 4 hours. Finally, DMSO was added, 
the absorption was measured at 570 nm, and the IC50 
value (concentration that inhibits cell growth by 50%) 
of each compound was calculated using the linear trend 
line equation (Y = mX + c).16 The viability of the treated 

cells was calculated using the following formula: [cell 
survival % = (absorbance of test-absorbance of blank)/
(absorbance of control-absorbance of blank) × 100].

Calculation of the Combination Index 
To determine the synergistic, additive, or antagonist 
effects of the mixture of the extracts, combination index 
(CI) was evaluated by the Chou equation and analyzed 
using CompuSyn software version 1.0 (CompuSyn Inc., 
USA). Then, CI was assessed for ginger and rosemary 
combination with a ratio of 1:1. The value of CI < 0.90 
indicates synergistic effect, 0.90 ≤ CI ≤ 1.1 indicates 
additive effect, and CI > 1.10 indicates antagonist effect.17

Annexin-V/PI Assay
The CT-26 cells (7 × 104 cells/well) were incubated in 
triplicate in a 24-well plate to evaluate apoptosis and 
necrosis in cells. CT-26 cells were treated with the IC50 
concentration of ginger and rosemary for 36 hours. 
Then, the Annexin V/PI assay (eBioscience, USA) was 
performed according to the manufacturer’s protocol. 
Flow cytometry assay was performed by counting 10 000 
cells per sample using a FACSCalibur (BD Biosciences, 
San Jose, CA), and the results were analyzed using FlowJo 
software (Tree Star, Ashland, OR).

Real-time PCR
Caspase-3, Bcl-2, and Bax expressions were assessed 
using real-time PCR. Total RNA extraction and 
cDNA synthesis were performed according to the 
manufacturer’s protocol (Yekta Tajhiz, Iran). Real-time 
PCR was carried out in triplicate using SYBR Green I 2x 
Master Mix (Yekta Tajhiz, Iran) by Roche light cycler®96 
(Roche, Switzerland). Allele ID 6 software (Premier 
Bio soft, USA) was used for primer designing, and the 
primers were aligned using the NCBI-BLAST website 
(Table 1). PCR products were verified by 2% agarose gel 
electrophoresis and the melting curve assay was used to 
assess the existence of primer-dimer and non-specific 
products. The relative expression level of Bax, Bcl-2, and 
caspases-3 genes was analyzed by the Pfaffl method using 

Table 1. The Sequence of the Primers Used in Real-Time PCR

Gene Primer Sequences 5'→ 3'

GAPDH
Forward CGGTGTGAACGGATTTGG

Reverse CTCGCTCCTGGAAGATGG

Bax
Forward GCTACAGGGTTTCATCCAG

Reverse TCCACGTCAGCAATCATCC

Bcl-2
Forward TGTGGCCTTCTTTGAGTTCG

Reverse GTTCCACAAAGGCATCCCAG

Caspase-3
Forward ACAGCACCTGGTTACTATTCC

Reverse ATTCCGTTGCCACCTTCC

GAPDH: Glyceraldehyde-3-phosphate dehydrogenase, Bax: Bcl-2-
associated X protein, Bcl-2: B-cell lymphoma 2, Caspase-3: cysteine-aspartic 
acid protease 3.
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GAPDH as a reference gene. 

Statistical Analysis
Data were reported as mean ± SEM. All of the tests were 
performed in triplicate. Statistical tests were performed 
using SPSS version 16.0 (SPSS, Inc., Chicago, IL, USA). 
ANOVA and Tukey post hoc test were used to evaluate 
differences between variables in each studied group. 
P < 0.05 was considered statistically significant. 

Results
Viability of CT-26 Cells and IC50 Values
The results indicated that ginger, rosemary, and the 
mixture decreased the viability of CT-26 cells in a dose-
dependent manner compared to the control group 
(P < 0.05) (Figure 1). Table 2 demonstrates the IC50 
concentration of each extract. 

Calculated CI
The results obtained from CompuSyn software showed 
synergistic cytotoxic effects of the mixture of ginger and 
rosemary extracts with CI = 0.89 on the CT-26 cell line 
(Figures 2A-B).

Apoptotic Effect of the Extracts on Cell
The results of flow cytometry of the treated cells for 
determining apoptosis or necrosis showed significantly 
increased early apoptosis of the counted cells, particularly 
in the mixture group compared with the control 
(P < 0.001). Considering the late apoptosis, the ginger and 
rosemary groups showed insignificant changes, while the 
changes in the mixture and chemotherapy groups were 
significant compared with the control group (P < 0.001 

and P < 0.05, respectively). Moreover, the percentage 
of necrotic cells was significantly higher in the mixture 
group compared to the control (P < 0.05) (Figure 3A-G). 

Expression Levels of Caspase -3, Bcl-2, and Bax Molecules
The results indicated an increase in the expression levels 
of caspase -3, Bcl-2, and Bax genes after treatment with 
rosemary (P < 0.01) and the mixture (P < 0.001) compared 
to the control group. However, the ginger extract 
showed a reduction in the expression levels of Bax, Bcl-
2, and caspase-3 genes compared with the control group 
(P < 0.05) (Figure 4A-C). The melting curve of amplified 
genes showed specific amplification (Figure 5A-C).

Discussion
Ginger and rosemary showed antiproliferative and 
apoptotic effects on different cancer cells. In line 
with previous reports, this study demonstrated the 
antiproliferative activity of ginger and rosemary extracts 
on cancer cells with different IC50 values based on 
various extraction methods.18 These studies showed that 
rosemary extract could inhibit breast cancer cell (MDA-
MB-231) proliferation and survival in a dose-dependent 
manner.19 Other studies revealed that rosemary extract 
could inhibit proliferation and block clonogenic survival 
in A549 human lung cancer cells.20 The reports also 
demonstrated that ginger extract inhibited cancer growth 
in the ovarian cancer cell line.18

Cell death mechanisms are divided into necrosis and 
apoptosis.21 In the present study, necrosis or apoptosis 
induced by the extracts has been detected by Annexin-V/
PI assay. The results showed that ginger and rosemary 
could induce cell death by early apoptosis. The mixture 
of the extracts increased both early and late apoptosis, 
in contrast to the chemotherapy drug that led to late 
apoptosis. However, in the case of the chemotherapy 
group, the increment of late apoptosis might be caused 
by complex conditions that hinder apoptosis induction.22 
Overall, the proportion of early apoptosis in the cells 
treated with extracts was significantly higher compared 
with that of the late apoptosis and necrosis. 

Notably, the mixture of the extracts possesses a 
synergistic cytotoxic effect against CT-26 cells based on 
the CI value. The increased apoptosis in the mixture 
group was compatible with the measured synergistic 
effect of the combination using CompuSyn software. The 
other studies showed that Carnosol, a major component 
of rosemary, can induce apoptosis in adult T-cell 
leukemia/lymphoma cells. Besides, ginger extract can 
induce apoptosis in HL60/ADR cells, especially in drug-
resistant acute myeloid leukemia.23,24

Expression levels of caspase-3 and Bax as pro-apoptotic 
molecules and Bcl-2 as an anti-apoptotic molecule 
were assessed to investigate the possible mechanism of 
apoptosis. The current study found that the changes in 

Figure 1. Antiproliferative Effect of Ginger, Rosemary, and Mixture after 
36 Hours at Different Concentrations Versus Controls (DMSO) (* P < 0.05, 
**P < 0.01, ***P < 0.001 vs. control)

Table 2. IC50 Concentration of Ginger, Rosemary, and the Mixture of Ginger 
and Rosemary Extracts on CT-26 Cell Line after 36 Hours

Herbal Extracts IC50 (μg/mL)

Ginger 170

Rosemary 54.64

Mixture 62.35
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Figure 2. Analysis of Ginger and Rosemary Combination by CompuSyn software. (A) Dose-effect Curves, (B) Combination Index Plot

Figure 3. The Flow Cytometry Analysis of the Results of Annexin V-FITC and Propidium Iodide (PI). (A) Early Apoptosis, (B) Late Apoptosis, (C) Necrosis, (D) 
Flow Cytometry Chart of Cells with No Dye, (E) Flow Cytometry Chart of Control Cells (DMSO), (F) Flow Cytometry Chart of Chemotherapy Drug, (G) Flow 
Cytometry Chart of Ginger, (H) Flow Cytometry Chart of Rosemary, and (I) Flow Cytometry Chart of the Mixture. Values are presented as mean ± SEM vs. 
control (DMSO) (* P < 0.05, **P < 0.01, ***P < 0.001 vs. control)
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Figure 4. Effects of Ginger, Rosemary, and their Mixture on Relative Gene Expression of CT-26 Cells (Normalized to GAPDH). (A) Bax, (B) Bcl-2, and (C) 
Caspase-3. Values are presented as mean ± SEM vs. control (DMSO). (* P < 0.05, **P < 0.01, ***P < 0.001 vs. control)

Figure 5. Melting Curve of each Gene for Confirming Specific Amplification. (A) Bax Gene, (B) Bcl2 Gene, (C) Caspase Gene
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Bax and caspase-3 gene expression in the mixture group 
were statistically significant. An unexpected result was an 
increase in the expression level of Bcl-2 in the mixture 
group that was not consistent with the result of the 
Annexin-V/PI assay. Therefore, it can be assumed that 
another molecule is involved in apoptosis in a pathway 
other than that of Bcl-2. However, the other study 
showed that treatment of colon adenocarcinoma HT-29 
cells with rosemary extract increased ROS generation in 
a concentration-dependent manner instead of alteration 
in Bcl-2 expression level.25 These results differ from 
some published studies that demonstrated that ginger 
polysaccharides can cause a decrease in Bcl-2 and an 
increase in Bax and caspase-3 gene expression levels in 
human hepatocellular carcinoma HepG2 cells.26

Conclusion
The current study aimed to determine the apoptotic and 
antiproliferative effects of combining ginger and rosemary 
extracts. The present study provided evidence that 
ginger extract, rosemary extract, and their mixture can 
significantly reduce the cell viability in a concentration-
dependent manner and have an apoptotic effect on CT26 
cells. Moreover, CompuSyn showed that the synergistic 
effect was correlated with significant induction of 
apoptosis in the mixture group. Therefore, the mixture of 
ginger and rosemary extracts can be more effective than 
each extract separately and can be considered a promising 
antiproliferative and apoptotic agent in combination with 
approved therapeutic medicine.
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