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Abstract 

 
Background and purpose: In the present study, we tried for the first time to examine whether 
cinnamaldehyde (CA), with herbal nature, can be co-administrated with doxorubicin (DOX, as an anticancer 
drug) toward U87MG glioblastoma cells to potentiate its cytotoxic effect and overcome or reduce its side effects.  
Experimental approach: The cytotoxic effect of DOX and CA, either individually or in combination,              
were evaluated on U87MG cells using the MTT method. The mechanism of action was studied by 
investigating the mode of cell death using caspase-3 and 9 activations, mitochondrial membrane potential 
(MMP) as well as sub G1 analysis. The expression of apoptosis- related genes (Bcl-2 and Bax)                     
was also examined. 
Findings / Results: Cellular toxicity assay revealed that CA and DOX can potentially reduce the viability of 
U87MG cells with IC50 at 11.6 and 5 µg/mL, respectively. Exposure with the combination of CA and DOX 
significantly increased cytotoxic effect of DOX on U87MG cells. The results of SUBG1, MMP,                     
and also caspase-3 and -9 activity assays, in association with the results corresponding to the Bax and Bcl-2 
gene expressions, altogether revealed that CA can induce apoptosis on U87MG cells. Moreover, apoptogenic 
effects of DOX were found to be potentiated by CA.  
Conclusion and implications: The results of this study revealed the promising cytotoxic and apoptogenic 
role of CA on U87MG cells. Additionally, our findings demonstrated that CA is able to enhance                     
the apoptosis induced by DOX on human glioblastoma cells. Collectively, these data suggested that                     
co-exposure of CA and DOX could be effective for treatment of glioblastoma, but further in vivo and clinical 
studies are still needed to prove these results.    
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INTRODUCTION 

 
Glioblastoma is among the most aggressive 

cerebral tumors, with high incidence                      
and mortality rates (1,2). Chemotherapy, 
surgery, and radiation are the most common 
management strategies for treatment of   
glioma (3). Although the common medications 
may cause a slight increase in the median 
survival, they could be just palliative care for 
most of the patients and their tumors cannot be 
fully cured (4). On the other hand, achieving 

an efficient chemotherapy, which can capably 
pass blood-brain barrier and also selectively 
eradicate tumor cells, without destructing 
normal cells, is still a prominent issue (5). 
Over the years, providing an adjuvant to 
chemotherapy has been the subject of various 
studies for enhancing response rate to 
chemotherapy, reducing side effects and 
minimizing treatment resistance.  
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Plants, as rich sources of bioactive 
compounds, can be promising alternatives                 
or adjuvant for cancer chemotherapy.               
Various medicinal plants demonstrated 
potential anticancer effects without causing 
troublesome side effects, making these safe 
compounds preferable for cancer treatment (6). 
Cinnamaldehyde (CA) has long been used 
either as a spice or as an herbal-based active 
compound in traditional herbal medicine, 
which possesses antitumor, antifungal, 
mutagenic, and chemo-preventive properties 
(7). The antiproliferative and pro-apoptotic 
effects of CA against various cancer cell lines, 
including breast, leukemia, ovarian, and                 
lung tumor cells, have been corroborated in 
previous studies (8-12). Its anticarcinogenic 
mechanism has been attributed to                            
the mitochondrial depolarization (13), 
activation of the pro-apoptotic Bcl-2 proteins 
and caspase-3, and inhibition of glutathione             
S-transferase, and ATPases (9,14). 

Doxorubicin is an anticancer drug used for 
treatment of a wide range of cancers (15).                 
The most dangerous side effect of this drug is 
dilated cardiomyopathy, which leads to 
progressive heart failure. Combination of 
chemotherapy (co-chemotherapy) is a strategy 
to make cancer therapy more effective, safe, 
and suppress side effect of DOX (16-19). 

In this study, we investigated the effects of 
CA on apoptosis and cytotoxicity induced by 
DOX towards U87MG cells. To the best of          
our knowledge, the role of CA therapy in 
combination with chemotherapeutic agents, 
such as DOX, has not been clearly addressed 
thus far. Furthermore, we aimed to elucidate 
the mechanisms possibly involved in                     
the apoptogenic activity of CA by examining 
its effect, solely and in combination with 
DOX, on apoptosis markers and apoptotic 
gene expressions. 

 
MATERIALS AND METHODS 

 
Materials  

Cinnamaldehyde, Triton® X-100, 3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium 
bromide (MTT), rhodamine 123 fluorescent 
dye, Bradford reagent, doxorubicin                       
and dimethyl solphoxide (DMSO) were 

purchased from Sigma Aldrich (St Louis, MO, 
USA). Dulbecco's modified eagle's medium 
(DMEM), fetal bovin serum (FBS),                   
and penicillin/streptomycin were supplied 
from Gibo (USA). Trypsin-EDTA was 
prepared from Bon Yakhteh (I.R. Iran). 

   
Cell culture 

Human U87MG cells were purchased              
from pasture institute and were propagated               
in DMEM supplemented with 10% (v/v)                   
heat inactivated FBS and 1% 
penicillin/streptomycin (100/100 U/mL) at                
37 °C in 95% CO2 humidified incubator. 
Medium was replenished at specified time 
intervals until the cell proliferation reached 
appropriate population density of 70-80% 
confluence. 

  
Cell viability assay 

Cellular toxicity of DOX and CA were 
examined in U87MG cells using MTT method. 
Cells were seeded into 96-well culture plates 
at a same density of 2.0 × 104 cells/well and in 
a volume of 200 μL. Stock solutions of             
CA and DOX were prepared separately in 
DMSO and different concentrations of each 
compound were prepared after serial dilution 
of stock solutions. The final concentration of 
DMSO in the medium was always 0.5%.          
After 24 h, 2 μL from each of DOX and                
CA solutions at different concentrations was 
added to each well. For this assay, a group of 
cells was kept untreated (control), and other 
groups were treated with different 
concentrations of CA and DOX, either 
individually or in combination. For individual 
examinations the concentrations of CA were 8, 
16, 32, 64, and 124 µg/mL and concentrations 
of DOX were 5.43, 10.86, and 16.29 µg/mL. 
The cotreatment experiments were performed 
using 8, 16, 32 µg/mL of CA and 1.80                  
and 8.25 µg/mL of DOX. At appropriate time 
intervals, the medium was replenished with              
20 μL of 0.5 mg/mL of MTT in growth 
medium and plates were further incubated for 
3 h at 37 °C. After the incubation period, 
MTT-formazan products were solubilized by 
100 µL DMSO. The optical density at 
wavelength of 570 nm was detected on an 
Eliza micro plate reader (BioTek Instruments, 
USA), while the reference wavelength was 
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630 nm. Growth inhibition was calculated and 
IC50 concentration was obtained, which was 
corresponding to the concentration required 
for killing 50% of cells. All the MTT assays 
were conducted in triplicate (20). 

 
Sub G1 phase analysis  

U87MG cells (104 cells) were treated with 
CA (8 μg/mL) individually or in combination 
with DOX (5 µg/mL), for 24 h. Cells were 
harvested and labeled with propidium iodide 
(PI), and then analyzed by flow cytometer 
(Partec TM, Germany). It must be noted that 
DNA content histogram obtained by this 
method, can be estimated for sub G1phase in 
cells cycle and not for proportions of cells in 
all cell cycle phases. 

  
Caspase-3 and -9 activities  

The activity of caspase-3 and -9 was 
determined by the Sigma colorimetric caspase-
3 and -9 kit according to the manufacturer’s 
instructions. For this purpose, 1 × 106 cells 
were seeded and incubated for 24 h with CA 
(8, 16, and 32 µg/mL) and DOX (5 µg/mL), 
either individually or in combination. 
Subsequently, cells were trypsinized and 
centrifuged at 1200 rpm and lysed with 50 μL 
lysis buffer and incubated on ice for 10 min. 
The extraction of the protein content of cells 
was achieved by centrifugation of lysates                 
at 16000-20000 rpm and 4 °C for 5 min.               
The substrate reaction buffers containing 
caspase-3 and caspase-9 (1 mM) were added 
separately to the supernatant and incubated for 
1 h at 37 °C. The absorbance was then 
measured at 405 nm using a plate reader 
(BioTek, H1M, USA). The protein content 
was determined by Bradford method using 
bovine serum albumin as a standard. 

 
Measurement of mitochondrial membrane 
potential 

In this study mitochondrial membrane 
potential (MMP) was measured using 
rhodamine 123 fluorescent dye. U87MG cells 
were plated in a 6-well culture plate and 
incubated with DOX at 5 µg/mL and CA at 8, 
16, and 32 µg/mL either individually or                  
in combination, for 24 h. After incubation 
period, the treated and control cells were 
further incubated with 15 µL rhodamine                 

123 (20 µM) for 30 min at 37 °C. Thereafter, 
cells were lysed with one mL Triton® X100 
and the amount of their fluorescence was 
measured at a wavelength of 488-510 nm 
using fluorescence microplate reader. 
 
Real time polymerase chain reaction analysis 
(RT-PCR) 

In order to evaluate the expressions of              
Bax and Bcl2 genes, U87MG cells (104 cells) 
were treated with CA (8 μg/mL) individually 
or in combination with DOX (5 µg/mL).               
After 24 h treatment, total RNA of cells              
(7 × 105 cells) was extracted using high pure 
isolation kit (Roche, Mannheim, Germany) 
according to the manufacturer’s instructions. 
Total RNA was assessed qualitatively and 
quantitatively using a spectrophotometer 
(NanoDropTM 2000, USA) and samples stored 
at -80 ºC for further investigations. A one-step 
quantitative test was performed on                   
RNA expression using CYBR Green kit.               
The primer sequences were completely similar 
to those performed in our previous study (20). 
The cDNA synthesis was carried out                   
at thermal cycler conditions corresponding to 
15 min at 50 °C, 10 min at 95 °C followed by 
40 cycles of 15 s at 95 °C to denature                 
DNA and 45 s at 60 °C to anneal and extend 
the template (20). The melting curve was 
analyzed at temperatures in range of 65-95 °C 
with a temperature transient rate of 0.1 °C/s. 
All reactions were performed in triplicate in                 
a Stratagene MX 3000P system (USA).                 
The values obtained for the target gene 
expression were normalized to β-actin and 
analyzed by the relative gene expression 2-∆∆CT 
method (20) using the following equation: 

-∆∆CT = (CT target - CT β-actin) Unknown                       
- (CT target - CT β-actin) calibrator 

where, CT is threshold cycle.  
 
Statistical analysis 

In the present study, all the experiments 
were conducted in triplicate and reported 
values were represented as the mean                  
value ± SEM. The One-way analysis of 
variance (ANOVA) following Tukey’s                   
post-hoc test was performed to compare                   
the results. The statistical significance of 
variations could be confirmed at P < 0.05. 
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RESULTS 
 
Effect of cinnamaldehyde on cytotoxicity 
induced by doxorubicin 

In order to examine the effect of CA on               
the proliferation of U87MG cells, cells were 
treated with different concentrations of CA                
(8, 16, 32, 64, and 128 µg/mL), and viability 
percentage of cells in the presence                  
(treatment groups) or absence of CA                 
(control group) were compared. According to 
the results, CA dose-dependently affected                 
the viability of U87MG cells and significantly 
inhibited proliferation of cells. The IC50 
concentration of CA was 11.6 µg/mL.                    
The cytotoxic effect of DOX (5.43, 10.86,             
and 16.29 µg/mL) was also examined.                  
As it was expected, DOX significantly exerted 
cytotoxic effect on U87MG cells. The IC50 of 
DOX was found to be 5 µg/mL (Table 1). 

In order to examine combinatorial effects of 
DOX and CA toward U87MG cells,                    
three different combinations were assessed. 
The effects were tested at 8, 16, and 32 μg/mL 
of CA with DOX.  The results were compared 
with viability percentage of cells treated only 
with DOX (Table 1). The presence of CA in 
culture medium (even at low concentrations) 
potentiated the cytotoxic effect of DOX.              
The cells survival significantly decreased               
and IC50 of the mixture of DOX and CA              
(8, 16, and 32 µg/mL) was 1.75, 1.83, and       
1.79 µg/mL, respectively, which was smaller 
than IC50 of DOX alone (5 µg/mL).                             
Such reduction in cell survival was more 
pronounced when cells were treated with               
CA at 8 µg/mL. It can be concluded that CA      
at 8 µg/mL possessed the most potentiating 
effect on toxicity induced by DOX toward 
U87MG cells. According to these results, 
beside the anti-proliferative effect of CA 
toward U87MG cells, it also possesses                    
the ability of combining with DOX                       
(as a chemotherapeutic) to enhance its effect 
on the tumor cells.    

 
Effects of cinnamaldehyde and doxorubicin 
on morphological changes 

To examine whether CA (in combination 
with DOX) can increase cell death by inducing 
apoptosis, the morphology of cells before and 
after treatment was observed. Figure 1 

illustrates the morphological changes before 
and after treatment with DOX (5 µg/mL), CA 
(8, 16, 32 μg/mL), and their combinations. 

 It could be observed that CA significantly 
increased the percentage of apoptotic cells in   
a concentration-dependent manner (Fig. 1). 
The morphological abnormalities (shrinkage, 
and vacuolization), growth inhibition,                   
and detachment of cells were evident in                  
the CA-treated cells, especially at the highest 
dose (32 μg/mL), while no significant 
abnormality and cellular death was observed 
after exposure to 8 μg/mL of CA. Apoptosis 
and morphological abnormalities were more 
prominent when U87MG cells were treated 
with a mixture of DOX (5 µg/mL) and CA               
at different levels. It was found that CA 
potentiates the apoptotic effect of DOX on             
the U87MG cells. A large number of cells died 
after exposure of DOX and CA at 32 μg/mL.  

 
Sub G1 analysis results  

The apoptotic properties of CA and                   
its effect on DOX-induced apoptosis was 
examined by propidium iodide staining (PI) 
staining and flow cytometry to evaluate                 
the sub-G1 peak resulting from DNA 
fragmentation. Flow cytometry histograms of 
cells treated with CA and co-treated with CA 
and DOX demonstrated an increase in                   
the percentage of cells in SubG1 phase               
after exposure of CA and more significantly 
the combination of CA and DOX (Fig. 2). 

 
Effect of cinnamaldehyde on doxorubicin-
induced mitochondrial membrane potential 
collapse 

In order to examine the effect of CA on 
MMP, MMP test was performed using a cell 
permeable cationic fluorescent dye. 
Depolarization of MMP caused by DOX (5 
µg/mL) induced damage of the outer 
membrane (about 40% decrease in rhodamine 
123 fluorescence compare to control cells). 

 
Table 1. Comparison of IC50 in different groups of 
treatments. Data represent mean ± SEM, n = 3. 

Treatments IC50 (µg/mL) 
DOX 5 ± 0.16 
CA 11.6 ± 0.65 
DOX + CA (8 μg/mL) 1.75 ± 0.08 
DOX + CA (16 μg/mL) 1.83 ± 0.32 
DOX + CA (32 μg/mL) 1.79 ± 0.29 

DOX, Doxorubicin; CA, cinnamaldehyde.  
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This damage was found to be potentiated 
following exposure of CA (8, 16,                           
and 32 μg/mL). The most significant reduction 
in rhodamine 123 fluorescence occurred               
after exposure of CA at 8 μg/mL.                        

These results showed that CA, in combination 
with DOX, is able to induce apoptosis                   
dose-dependently in U87MG cells, and                  
this alteration was more pronounced at                  
the lowest dose (8 μg/mL) (Fig. 3). 

 
 

 
Fig. 1. U87MG cells morphological changes treated with DOX (5 μg/mL) and different concentrations of CA. (A) 
Control, (B) DOX (5 μg/mL), (C) CA (8 μg/mL), (D) DOX + CA (8 μg/mL), (E) CA (16 μg/mL), (F) DOX + CA (16 
μg/mL), (G) CA (32 μg/mL), and (H) DOX + CA (32 μg/mL). CA, cinnamaldehyde; DOX, doxorubicin. 
 
 

 

Fig. 2. Sub G1 cell cycle arrest induced by DOX and CA on  U87MG cell line. (A) Control, (B) DOX (5 μg/mL),                
(C) CA (8 μg/mL), and (D) CA (8 μg/mL) + DOX (5 μg/mL). U87MG cells (104 cells) were treated for 24 h. Cells were 
harvested and labeled with propidium iodide (PI), and then analyzed by flow cytometer. CA, cinnamaldehyde;                 
DOX, doxorubicin; 
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Fig. 3. Effect of different concentrations of CA (8, 16, and 32 µg/mL) on DOX (5 µg/mL)-induced mitochondrial 
membrane potential (MMP) collapse. U87MG cells were exposed to test compounds 24 h before analysis.                 
Results are expressed as mean ± SEM of three separate experiments. *P < 0.05, **P < 0.01, and ***P < 0.001 indicate 
significant differences in comparison with control. CA, Cinnamaldehyde; DOX, doxorubicin. 
 

 
Fig. 4. Effect of different concentrations of CA (8, 16, and 32 µg/mL) and DOX (5 μg/mL) on caspase-3                       
and -9 activities. Firstly cells pretreated with CA for 24 h before exposure to DOX (5 μg/mL). Caspase-3 and                       
-9 activities measured by colorimetric detection of p-nitroaniline and expressed as percent of control. Results are 
expressed as mean ± SEM, n = 3. *P < 0.05 and **P < 0.01 indicate significant differences in comparison with control;                       
and ##P < 0.01 shows significant differences relative to DOX group. CA, Cinnamaldehyde; DOX, doxorubicin. 
 
Effects cinnamaldehyde and doxorubicinon 
caspase-3 and -9 activities 

Caspase-3 and -9 activities possess 
prominent role in the executioner caspase-
activated pathways and mitochondrial 
apoptotic pathway, respectively (21,22).                
We speculated that CA could potentiate 
apoptosis induced by DOX in U87MG cells.              
In order to elucidate which apoptosis pathways 
are involved in the death of U87MG cells, the 
effect of CA and DOX on caspase-3 and           
-9 activities was examined (Fig. 4).                        
Our findings showed that the level of             
caspase-3 and -9 increased upon the 
application of DOX in comparison with 
control group. CA with antiproliferative effect 
on U87MG cells elevated caspase-3 and                

-9 activities and significantly enhanced the 
effect of DOX  on the activity level of 
caspase-3.   

 

Effects of cinnamaldehyde and doxorubicin 
on the expression of Bax and Bcl-2 genes  

In order to examine the effect of CA                   
at 8 μg/mL on the expression of Bcl2 and              
Bax apoptotic genes, which participate in                
the mitochondrial apoptotic pathway,                   
RT-PCR method was performed on U87MG 
cells (Fig. 5). The results imply that CA,                  
as well as DOX can successfully up-regulate 
the pro-apoptotic genes expression compared 
to control cells. Although the tested 
concentrations of CA and DOX increased               
the levels of both pro-apoptotic and                   
anti-apoptotic gen expressions (Bax and Bcl-2) 
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simultaneously, the increase of Bax was more 
pronounced than Bcl-2 level. This caused 
increasing the level of Bax/Bcl-2 ratio,                   
after treatment of U87MG cells with DOX and 
CA, individually. It was also observed that 
exposure of cells to the combination of CA              
(8 μg/mL) and DOX (5 µg/mL) caused                       
a significant increase in the level of Bax and             
a decrease in the level of Bcl-2 compared to 
DOX. The increase in the ratio of Bax/Bcl-2 
was more pronounced in co-treatment of CA 
with DOX, rather than CA and DOX alone.   

 

DISCUSSION 
 

Cancer is taken into account as one of              
the death-leading diseases for human beings, 
and is responsible for 13% of deaths                        
in the world. Various medicaments have been 
considered for disease treatment, while                    
the toxicity of chemotherapeutic agents,               
their limited effectiveness, and resistance to 
these drugs are still remained as major issues. 
Therefore, several attempts have been devoted 
to the develop of medicaments, which are 
capable of inducing apoptosis in cancerous 
cells without causing major adverse effects 
(23-25). Herbal-derived compounds and               
their phytochemicals have been extensively 
investigated for their possible effectiveness 
and chemo-preventive properties, solely or in 
combination with other chemotherapeutic 
agents. Some of these compounds could 

potentially attenuate the pathways causing 
treatment resistance and consequently sensitize 
different tumor cells to chemotherapeutic 
drugs (26). This study aimed to investigate 
whether CA is capable of sensitizing U87MG 
cells to the chemotherapeutic agents like 
DOX. For this purpose, cytotoxic effect of CA, 
alone and in combination with DOX was 
studied on U87MG cells. This study showed 
that CA significantly induced toxicity in 
U87MG cells, and interestingly potentiated      
the toxicity of DOX toward U87MG cells.                 
This indicated the synergistic interaction 
between DOX and CA, corroborating                   
the successful role of CA in sensitizing 
glioblastoma cells to DOX as the promising 
chemotherapeutic agent for these tumor cells. 
The synergistic interaction of CA and                 
other chemotherapeutic drugs has been 
demonstrated in different studies (10,27). 

The morphological study on cells before 
and after treatment with DOX and CA,               
alone or in combination, revealed the increase 
of cellular death and cell abnormalities such as 
shrinkage and vacuolization, upon treatment 
with CA (concentrations higher than                   
16 µg/mL). These effects were more 
prominent for the cells co-treated with DOX 
and CA. The fraction of cells in SubG1 phase 
increased and depolarization of mitochondrial 
membrane potential (caused by the DOX) 
potentiated in the presence of CA.   

 

 
Fig. 5. Effects of CA at 8 µg/mL alone and in combination with DOX (5 µg/mL) on expressions of Bax and Bcl-2 
genes in U87MG cells. RNA was isolated, reverse transcribed to cDNA, and then amplified by a real-time PCR 
detection system to measure mRNA levels of Bax and Bcl-2. Target genes were normalized to β.actin.                       
The data are presented as the mean ± SEM from three independent experiments. #P < 0.05 and ###P < 0.001                       
vs corresponding DOX group. CA, Cinnamaldehyde; DOX, doxorubicin. 
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In order to elucidate the mechanism through 
which CA induced the apoptosis in U87MG 
cells, the caspase-3 and -9 activities were                  
also determined and compared. It is believed 
that the apoptosis is mediated through intrinsic 
(characterized by mitochondrial dysfunction 
and activation of caspase-9) and extrinsic 
(characterized by activation and cleavage of 
caspase-8 and caspase-3) pathways (26,28,29). 
Based on the ability of CA in increasing                  
both caspase-3 and -9, it can be concluded that 
apoptotic mechanism of CA is probably 
through intrinsic pathway. These results                 
were in agreement with the results of                   
other studies (9,30). 

Furthermore, we have determined                     
the antitumor effect of CA and DOX on                  
the levels of Bax and Bcl2 gene expressions, 
as prognostic markers of apoptosis.                       
The results indicated that CA increased                  
the expression of both genes, but the increase 
in the Bax expression was more prominent. 
Bcl-2 possesses anti-apoptotic properties and 
stabilizes the mitochondria membrane by 
preventing the release of cytochrome-c (31). 
Bax is a pro-apoptotic protein that accelerates 
cell death (31). Results obtained from RT-PCR 
in the U87MG cells demonstrated that                   
CA increased the Bax/Bcl2 ratio compared to 
control cells. The high ratio of Bax/Bcl2 in the 
presence of CA, in association with its effects 
on MMP, caspase-3 and -9 activation, suggest 
a remarkable link between CA and cell death 
in U87MG cells, and it could prove that                   
CA potentiated the anticancer effects of DOX. 
These results were in line with the results 
obtained from the flow-cytometry, suggesting 
that cells treated with both DOX and CA had 
more levels of apoptosis. High percentage of 
cells in Sub-G1 phase (as an indicative of 
apoptotic cells) was demonstrated to be 
associated with increase of cellular death in 
cells co-treated with CA and DOX, rather than 
control cells and DOX treated ones.   

Finally, according to the results of this 
study, it can be concluded that CA, as the main 
ingredient in cinnamon oil, has the potential 
for inducing apoptosis in glioblastoma cells 
and even sensitizing them to DOX. It exerted 
apoptotic activities toward several types of 
cancer and tumor cells. The apoptotic effects 

of CA against colon cancer, breast (32),                
blood (30,33), lung, skin, kidney and                   
prostate (34) cancers have been confirmed in 
the other studies. A study showed that CA                 
is mainly responsible for the anticancer 
activity of cinnamon (35).  

 
CONCLUSION 

 
The results of the present study, for the first 

time indicated that CA can be co-administrated 
with DOX to potentiate its cytotoxicity toward 
U87MG cells for treatment of glioblastoma. 
CA decreased the level of MMP of U87MG 
cells and induced apoptosis through intrinsic 
pathway. CA showed synergistic interactions 
with DOX, sensitizing U87MG cells to                 
this chemotherapeutic drug. Collectively,  
these data suggest that CA (as a compound 
with different biological activities) could be 
introduced as a supplement effective for 
enhancing the efficacy of DOX.  

. 
ACKNOWLEDGMENTS 

 
The authors gratefully acknowledge                   

the Research Council of Kermanshah 
University of Medical Sciences, Kermanshah, 
I.R. Iran for financial support under the Grant 
No. 93413. 

 
CONFLICT OF INTEREST STATEMENT 

 
The authors declare no conflict of interest 

for this study. 
 

AUTHORS’ CONTRIBUTION 
  
A. Abbasi designed and performed 
experiments, analyzed data, and co-wrote the 
paper. M. Hajialyani, wrote the manuscript.                   
L. Hosseinzadeh supervised the work, 
corrected the manuscript, and provided                   
the facilities for the study. P. Yaghmaei 
designed the study. F. Jalilian and S. Jamshidi 
performed experiments. H. Motamed performed 
flow cytometry experiment and analyses.  
 

REFERENCES 
 
1. Kapoor H, Yadav N, Chopra M, Mahapatra SC, 

Agrawal V. Strong anti-tumorous potential of 
nardostachys jatamansi rhizome extract on 



Abbasi et al. / RPS 2020; 15(1): 26-35 

 

34 

glioblastoma and in silico analysis of its molecular 
drug targets. Curr Cancer Drug Tar. 2017;17(1):              
74-88. 

2. Mozaffari S, Erfani M, Beiki D, Daha FJ. Synthesis 
of a 99mTc-labeled substance P derivative                        
for detection of glioblastoma tumors. Res Pharm Sci. 
2012;7(5):S972. 

3. Mishra P, Ray S, Sinha S, Das B, Khan MI, Behera 
SK, et al. Facile bio-synthesis of gold nanoparticles 
by using extract of Hibiscus sabdariffa                           
and evaluation of its cytotoxicity against U87 
glioblastoma cells under hyperglycemic condition. 
Biochem Eng J. 2016;105:264-272. 

4. Garba MM, Jamilu Y, Muhammad MA, Akpojo AJ, 
Ibrahim AA, Marte HI. Securinega virosa 
(Euphorbiaceae) root bark extract inhibits 
glioblastoma multiforme cell survival in vitro. 
African J Pharm Pharmacol. 2015;9(27):684-693. 

5. Wohlfart S, Khalansky AS, Gelperina S, 
Maksimenko O, Bernreuther C, Glatzel M, et al. 
Efficient chemotherapy of rat glioblastoma using 
doxorubicin-loaded PLGA nanoparticles with 
different stabilizers. PloS One. 2011;6(5):e19121. 

6. Lee KD, Park KH, Kim H, Kim JH, Rim YS,                
Yang MS. Cytotoxic activity and structural 
analogues of guaianolide derivatives from the flower 
of Chrysanthemum coronarium L. J Appl Biol 
Chem. 2003;46(1):29-32. 

7. Yeh HF, Luo CY, Lin CY, Cheng SS, Hsu YR, 
Chang ST. Methods for thermal stability 
enhancement of leaf essential oils and their main 
constituents from indigenous cinnamon 
(Cinnamomum osmophloeum). J Agr Food Chem. 
2013;61(26):6293-6298. 

8. Kang HS, Kim J, Lee HJ, Kwon BM, Lee DK, Hong 
SH. LRP1-dependent pepsin clearance induced by 
2′-hydroxycinnamaldehyde attenuates breast cancer 
cell invasion. Int J Biochem Cell Biol. 2014;53:               
15-23. 

9. Ka H, Park HJ, Jung HJ, Choi JW, Cho KS, Ha J,               
et al. Cinnamaldehyde induces apoptosis by                 
ROS-mediated mitochondrial permeability transition 
in human promyelocytic leukemia HL-60 cells. 
Cancer Lett. 2003;196(2):143-152. 

10. Chew EH, Nagle AA, Zhang Y, Scarmagnani S, 
Palaniappan P, Bradshaw TD, et al. 
Cinnamaldehydes inhibit thioredoxin reductase               
and induce Nrf2: potential candidates for cancer 
therapy and chemoprevention. Free Rad Biol               
Med. 2010;48(1):98-111. 

11. Fang SH, Rao YK, Tzeng YM. Cytotoxic effect of 
trans-cinnamaldehyde from cinnamomum 
osmophloeum leaves on Human cancer cell lines. Int 
J Appl Sci Eng. 2004;2(2):136-147. 

12. Shin SY, Jung H, Ahn S, Hwang D, Yoon H, Hyun 
J, et al. Polyphenols bearing cinnamaldehyde 
scaffold showing cell growth inhibitory effects on 
the cisplatin-resistant A2780/C is ovarian cancer 
cells. Bioorg Med Chem. 2014;22(6):1809-1820. 

13. Lin LT, Tai CJ, Chang SP, Chen JL, Wu SJ, Lin CC. 
Cinnamaldehyde-induced apoptosis in human 
hepatoma PLC/PRF/5 cells involves the 

mitochondrial death pathway and is sensitive to 
inhibition by cyclosporin A and z-VAD-fmk. 
Anticancer Agents Med Chem. 2013;13(10):1565-
1574. 

14. Wu SJ, Ng LT, Lin CC. Cinnamaldehyde-induced 
apoptosis in human PLC/PRF/5 cells through 
activation of the proapoptotic Bcl-2 family proteins 
and MAPK pathway. Life Sci. 2005;77(8):938-951. 

15. Alshammari FM, Reda SM, Ghannam MM. 
Potential effects of gamma irradiation on                       
the stability and therapeutic activity of anticancer 
drug, doxorubicin. J Radiat Res Appl Sci. 
2017;10(2):103-109. 

16. Ding ZJ, Xu DQ, Lao YZ, Xu HX. Interactions 
between traditional chinese medicine and anticancer 
drugs in chemotherapy. World J Tradit Chin Med. 
2017;3(3):38-45. 

17. Ahmadi F, Mojarrab M, Ghazi-Khansari M, 
Hosseinzadeh L. A semipolar fraction of petroleum 
ether extract of Artemisia aucheri induces apoptosis 
and enhances the apoptotic response to doxorubicin 
in human neuroblastoma SKNMC cell line. Res 
Pharm Sci. 2015;10(4):335-344. 

18. Sadeghi-Aliabadi H, Minaiyan M, Dabestan A. 
Cytotoxic evaluation of doxorubicin in combination 
with simvastatin against human cancer cells. Res 
Pharm Sci. 2010;5(2):127-133. 

19. Rezazadeh M, Akbari V, Amuaghae E, Emami J. 
Preparation and characterization of an injectable 
thermosensitive hydrogel for simultaneous delivery 
of paclitaxel and doxorubicin. Res Pharm Sci. 
2018;13(3):181-191. 

20. Shokoohinia Y, Hosseinzadeh L, Alipour M, 
Mostafaie A, Mohammadi-Motlagh HR. 
Comparative evaluation of cytotoxic and 
apoptogenic effects of several coumarins on                   
human cancer cell lines: osthole induces apoptosis in                    
p53-deficient H1299 cells. Adv Pharmacol Sci. 
2014;2014:1-8. 

21. Hosseinzadeh L, Khorand A, Aliabadi A. Discovery 
of 2‐phenyl‐N‐(5‐(trifluoromethyl)‐1,3,4‐thiadiazol‐
2‐yl)acetamide derivatives as apoptosis inducers                
via the caspase pathway with potential anticancer 
activity. Arch Pharm. 2013;346(11):812-818. 

22. Yazğan B, Yazğan Y, Övey İS, Nazıroğlu M. 
Raloxifene and tamoxifen reduce PARP activity, 
cytokine and oxidative stress levels in the brain               
and blood of ovariectomized rats. J Mol Neurosci. 
2016;60(2):214-222. 

23. Tascilar M, de Jong FA, Verweij J, Mathijssen RH. 
Complementary and alternative medicine during 
cancer treatment: beyond innocence. Oncologist. 
2006;11(7):732-741. 

24. Farzaei MH, Bahramsoltani R, Rahimi R. 
Phytochemicals as adjunctive with conventional 
anticancer therapies. Curr Pharm Des. 
2016;22(27):4201-4218. 

25. Davatgaran-Taghipour Y, Masoomzadeh S, Farzaei 
MH, Bahramsoltani R, Karimi-Soureh Z, Rahimi R, 
et al. Polyphenol nanoformulations for cancer 
therapy: experimental evidence and clinical 



Effect of cinnamaldehyde on toxicity of doxorubicin 
 

 

35 

perspective. Int J Nanomedicine. 2017;12:2689-
2702. 

26. Ren D, Tu HC, Kim H, Wang GX, Bean GR, 
Takeuchi O, et al. BID, BIM, and PUMA are 
essential for activation of the BAX-and BAK-
dependent cell death program. Science. 
2010;330(6009):1390-1393. 

27. Wu SJ, Ng LT, Lin CC. Effects of vitamin E on the 
cinnamaldehyde‐induced apoptotic mechanism in 
human PLC/PRF/5 cells. Clin Exp Pharmacol 
Physiol. 2004;31(11):770-776. 

28. Willis SN, Fletcher JI, Kaufmann T, van Delft MF, 
Chen L, Czabotar PE, et al. Apoptosis initiated when 
BH3 ligands engage multiple Bcl-2 homologs, not 
Bax or Bak. Science. 2007;315(5813):856-859. 

29. Slee EA, Harte MT, Kluck RM, Wolf BB, Casiano 
CA, Newmeyer DD, et al. Ordering the cytochrome 
c-initiated caspase cascade: hierarchical activation of 
caspases-2,-3,-6,-7,-8, and-10 in a caspase-9-
dependent manner. J Cell Biol. 1999;144(2):281-
292. 

30. Zhang JH, Liu LQ, He YL, Kong WJ, Huang SA. 
Cytotoxic effect of trans-cinnamaldehyde on human 

leukemia K562 cells. Acta Pharmacol Sin. 
2010;31(7):861-866. 

31. Dongli Z, Jingsen S, Mingzhong L, Liping S, 
Shuwen W. The expression of apoptosis-related 
genes Bcl-2 and Bax protein and apoptosis positivity 
in cervical carcinoma during irradiation. Chin Germ 
J Clin Oncol. 2005;4(2):105-107. 

32. Angeloni SV, Martin MB, Garcia-Morales P, 
Castro-Galache MD, Ferragut JA, Saceda M. 
Regulation of estrogen receptor-alpha expression by 
the tumor suppressor gene p53 in MCF-7 cells. J 
Endocrinol. 2004;180(3):497-504. 

33. Wu SJ, Ng LT. MAPK inhibitors and pifithrin-alpha 
block cinnamaldehyde-induced apoptosis in human 
PLC/PRF/5 cells. Food Chem Toxicol. 
2007;45(12):2446-2453. 

34. Fátima Ad, Kohn LK, Carvalho JE, Pilli RA. 
Cytotoxic activity of (S)-goniothalamin and 
analogues against human cancer cells. Bioorg Med 
Chem. 2006;14(3):622-631. 

35. Ariaee-Nasab N, Vahedi Z, Vahedi F. Inhibitory 
effects of cinnamon-water extract on human tumor 
cell lines. Asian Pac J Trop Dis. 2014;4:S975-S978. 

 
 


