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 Background: Breast cancer is the most common cancer 

diagnosed in women. Worldwide, it is the second most common 

cause of cancer-related mortality among women. Plants have 

been the primary sources of natural product drug discovery, 
over 60% of the current anticancer drugs were derived from 

natural sources. Piperine (PIP) is a major bioactive constituent 

of the black pepper (Piper nigrum). Aim: We have assessed  the 

cytotoxicity of PIP and the anti-hepatocellular carcinoma drug 

Sorafenib (SOR) against human triple negative breast cancer 

MDA-MB-321 cell line. Furthermore, we have investigated the 
potential effect of single and their combined treatment on 

antioxidant enzyme activity and lipid peroxidation status. 

Methods: We measured cytotoxicity of PIP and SOR in MDA-

MB-321 cells by MTT assay after 48 hours treatment. Activity 

of the antioxidant enzymes superoxide dismutase (SOD), 
catalase (CAT) and the lipid peroxidation marker 

Malondialdehyde (MDA) were measured colorimetrically. 

Results: Both PIP and SOR caused a significant (P<0.001) dose 

dependent cell death in MDA-MB-321 cells. However, SOR 

showed higher cytotoxicity (IC90= 144.8 ± 5.1µg/ml) compared 
to PIP (IC90= 252.4 ± 6.7µg/ml). Consistent with these data, 

SOR individual treatment caused the highest significant SOD 

and CAT activities while their combined treatment caused the 

lowest MDA levels (4.2 ± 0.2 nmol/ml) compared with the 

control untreated (7.7 ± 0.2 nmol/ml) or DMSO treated cells 
(7.76 ± 0.25 nmol/ml).  

Conclusion: This study points out a potential mode of action for 

PIP and SOR as anticancer agents in triple negative breast 

cancer cells through the regulation of their antioxidant and lipid 

peroxidation status. 
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1. Introduction  
Cancer ranks as a leading cause of 

death and an important barrier to 
increasing life expectancy in every 
country of the world (1). Female 
breast cancer is the most commonly 

occurring cancer worldwide (11.7 % 
of the total new cases) with 
approximately 6.9 % of new deaths.

 
  

1) Chemotherapy uses 

powerful chemicals to kill fast-
growing cancer cells, however, drugs 
used for chemotherapy causes damage 
to healthy cells. The most common 

side effects of chemotherapy include; 
fatigue, pain, diarrhea or constipation, 
blood disorders, nausea, nervous 
system effects, appetite and hair loss. 

Current chemotherapeutic options for 
liver and breast cancer patients 
include; Sorafenib (SOR), 
Doxorubicin and Cisplatin. Sorafenib 

is an oral multikinase inhibitor (2) that 
blocks tumor cell proliferation and 
angiogenesis by inhibiting a Raf 
serine/threonine kinase and vascular 

endothelial growth factor (VEGF) 
receptors. Sorafenib is currently used 
in clinics to treat patients with 
advanced renal cell carcinoma and 

hepatocellular carcinoma (3).  
Natural products have been 

regarded as one of the richest sources 
of chemotherapeutic drug 

development, especially for cancer 
and infectious diseases (4), but also in 
other therapeutic areas, including 
cardiovascular diseases and multiple 

sclerosis (5, 6).  Natural compounds 
are excellent candidates in cancer 
prevention and therapy because 
scientific evidence has shown that 

these compounds can directly or 
indirectly target and regulate genetic 
expression by interfering with genetic 
and/or epigenetic machineries (7). 

Piperine (PIP) is one of the most 
widespread dietary alkaloid 
principally found in the fruits and 
roots of black pepper (Piper nigrum) 

(8). This compound is well known for 
its anti-inflammatory, 
immunosuppressive and anti-cancer 

actions (9). 
In this study, we have assessed the 

cytotoxicity of PIP and SOR in MDA-
MB-321 cells. We have also 

investigated the potential effect of 
their single and this novel 
combination treatment on antioxidant 
enzyme activity and lipid peroxidation 

status as a potential anticancer 
mechanism of action. 

2. Materials and Methods  

2.1. Chemicals and drugs 
PIP was purchased from Sigma-

Aldrich Chemical Co. (St. Louis, MO, 
USA), SOR was purchased from Cipla 
Ltd, India. Media, fetal bovine serum and 
other cell culture materials were 

purchased from Gibco, Thermo Fisher 
Scientific (Grand Island, NY, USA). 

2.2. Cell line and cell culture  conditions 

Human breast cancer cell line 
MDA-MB-321 was supplied from 
American Type Culture Collection 
(ATCC). Cells were cultured in a 

complete DMEM medium and incubated 
at 37

o
C in an atmosphere containing 5% 

CO2. 

2.3. Cytotoxicity assay 

MTT assay was performed as 
described by (10). In brief, MDA-MB-
321 cells were seeded at 15 × 10

3
 per well 

in 96-well plate with 100 µl of fresh 
complete medium for 24 h before 
treatment. Cells were then treated and 
incubated with different concentrations of 

PIP (12.5–200 µM) and SOR (6.25-100 
µM) for 48 h. The ―IC90‖ which is the 
compound concentration the causes 90% 
cell death for each compound was 

calculated by nonlinear regression 
analysis of the dose response curve in 
each cell line. 

2.4. Cell line treatment 

For all biochemical analysis, 
MDA-MB-321 cells were treated with 
single or combined 53 µM of PIP and 14 
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µM of SOR. DMSO treated cells were 
treated with a final concentration of 0.1% 
DMSO. All treatments were performed 

for 48 hours followed by respective 
analysis. All experiments were performed 
in triplicate and were independently 
repeated for at least 3 times. 

2.5. Biochemical analysis for 

antioxidant activity and lipid 

peroxidation 

2.5.1. Superoxide dismutase assay 
Superoxide dismutase (SOD) 

activity was measured using a 
colorimetric assay kit (Cat. no: SD 25 21) 
from Bio-diagnostic Co.,Ltd, following 
the manufacture instructions. In brief, 

cells were incubated and treated for 48 h 
prior to analysis. The activity was 
measured in cell lysate and the 
absorbance was assessed at 560 nm. 

2.5.2. Catalase assay 
Catalase (CAT) activity was 

measured using assay kit (Cat. no: CA 25 

17 ) from Bio-diagnostic Co.,Ltd (11), 
following the manufacture instructions. In 
brief, cells were incubated and treated for 
48 h prior to analysis. The activity was 

measured in cell lysate and the 
absorbance was assessed at 510 nm. 

2.5.3. Lipid peroxidation analysis  

Considered as a biomarker of lipid 
peroxidation, malondialdehyde (MDA) 
was quantified using the MDA kit (Cat. 
no: MD 25 29) from Bio-diagnostic 

Co.,Ltd (12) following the manufacture 
instructions. The activity was measured in 
cell lysate and the absorbance was 
assessed at 534 nm. 

2.6. Statistical analysis  
All quantitative data were 

presented as the mean ± standard 

deviation. Repeated measure analysis of 
variance with post hoc test was performed 
to determine the statistical significance 
among different groups using the SPSS 

software package 20.0 IBM modeler 
(2009). P<0.05 was regarded as 
significant. 

3. Results  

3.1. Cytotoxicity of PIP and SOR in 

MDA-MB-321 breast cancer cell 

line 

The cytotoxic effect of PIP and 
SOR was investigated in MDA-MB-321 
cells after 48 h treatments using the MTT 
viability assay. Both PIP (Figure 1A) and 

SOR (Figure 1B) caused a significant (p ˂ 
0.001*) dose-dependent decrease in cell 
viability compared to control untreated 
cells.  

The MTT assay showed a gradual 
reduction in cell viability at high 
concentrations of PIP and SOR, the 
highest cytotoxic effect was observed for 

SOR treatment compared to PIP treated 
cells. Of note, low doses of PIP did not 
show significant (p ≥ 0.05) reduction in 
MDA-MB-321 cell viability compared to 

control cells since first significant (p ˂ 
0.001) reduction in viability compared to 
control cells was observed only at a 
concentration of 100 µg/ml. On the other 
hand, SOR caused a significant (p ˂ 

0.001) reduction in cell viability using a 
concentration as low as 6.25 µg/ml. 

The results also showed that the 
IC90 values for PIP and SOR which is 

reflective of cells fully affected by the 
compound (90% mortality) were 
252.4±6.7 µg/ml and 144.8±5.1 µg/ml for 
PIP and SOR, respectively. 

3.2. Effect of PIP and SOR on 

oxidative stress-related 

biochemical markers 
Sorafenib treatment caused the 

highest significant (P< 0.001) increase in 
SOD activity (49.1 ± 0.9 U/ml) then 

combined PIP+SOR treatment (47.2 ± 0.6 
U/ml) compared to control untreated 
(38.7 ± 1.7 U/ml) and DMSO treated cells 
(35.7 ± 1.5 U/ml), (Figure 2).   

Similarly, Sorafenib caused the 
highest significant (P< 0.001) increase in 
CAT activity (56.0 ± 1.0 U/L) followed 
by PIP alone treatment (51.0 ± 2.0 U/L) 

compared to control untreated (29.0 ± 1.0 
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U/L) and DMSO treated cells (29.8 ± 2.0 
U/L), (Figure 3). 

On the other hand, the lowest 

significant (P< 0.001) MDA levels were 
detected after combined treatment of cells 
with PIP + SOR (5.8 ± 0.1 nmol/ml) and 
SOR treatment (4.9 ± 0.2 nmol/ml) 

compared to control untreated (7.56 ± 
0.15 nmol/ml) and DMSO treated cells 
(7.36 ± 0.15 nmol/ml), (Figure 4). 

Collectively, the antioxidant SOD 

and CAT enzyme activity showed a 
significant increase while MDA lipid 
peroxidation biomarker levels showed a 
significant decrease in PIP and SOR 

treated MDA-MB-321 cells depending on 
the treatment. 

 

4. Discussion  

Cancer is a multi-factorial disease 
characterized by uncontrolled 
proliferation of cells, it usually arises 

from alterations in several signaling 
pathways and multiple DNA affecting the 
survival and development of cells (13, 
14). Treatment options for most types of 

cancers include chemotherapy, surgery 
and radiotherapy (15). Limitation of 
chemotherapy are mainly due to its severe 
life-threatening side effects and 

chemoresistance (16). 
Sorafenib (Nexavar

®
) is a multi-

kinase inhibitor approved by FDA for the 
treatment of hepatocellular carcinoma 

(17), renal (18) and thyroid cancer (19). 
Ongoing clinical trials are also testing the 
effectiveness of Sorafenib in the treatment 
of breast cancer patients (20). Overtime 

SOR resistance and toxicity was reported 
in hepatocellular carcinoma (21). 
Combination of natural products with 
chemotherapies have become the focus of 

many studies aiming at improving the 
effect of  chemotherapeutic drug and 
minimize its toxicity (22, 23). Piperine is 
commonly used for several medicinal 

purposes (24, 25). To the best of our 
knowledge, the potential anticancer 
combinations of PIP with SOR was not 

investigated before against any type of 
cancer. 

In the current study, we 

investigated the potential cytotoxicity and 
mechanisms leading to PIP and SOR anti-
tumor actions including; cellular 
antioxidant and lipid peroxidation status 

in MDA-MB-231 triple negative breast 
cancer cell line. 

In the current study, we showed 
that PIP and SOR caused significant 

cytotoxicity to a variable potency in a 
concentration-dependent manner. PIP 
alone treatments showed growth 
inhibitory effects which agrees with 

Greenshields et al. who observed that PIP 
inhibited the growth and motility of 
MDA-MB-231 cells (26). Piperine was 
found to target different drug resistance 

mechanisms in human ovarian cancer cell 
lines leading to increased sensitivity to 
cytotoxic drugs such as paclitaxel and 
topotecan (27). Moreover, PIP was found 

to suppress the Wnt/β-catenin pathway 
and has anti-cancer effects on colorectal 
cancer cells (28). Piperine also was shown 
to depress the migration progression of 

prostate cancer cells via downregulating 
the Akt/mTOR/MMP-9 signaling 
pathway (29). This wide range anticancer 
effects of PIP suggests that PIP has broad 

cytotoxicity actions on different types of 
cancer cells. Many recent reports 
including the current study showed 
promising chemo sensitization effects of 

PIP when used in combination with 
several chemotherapeutic drugs used 
against different types of drug-resistant 
cancer cells (30, 31). PIP was also 

reported to exert a synergistic 
chemomodulatory effects to 
chemotherapeutic drugs in different types 
of cancers (32). Piperine has also 

enhanced docetaxel efficiency in vitro and 
in vivo in prostate cancer model (33).  

Our data also showed that PIP and 
SOR increased the activity of SOD and 

CAT, the two enzymes which aid to 
scavenge superoxide ions and hydroxyl 
ions, respectively, and caused a 
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significant reduction in the MDA lipid 
peroxidation marker. This result agrees 
with a previous study in colon cancer that 

suggested piperine to trigger the 
antioxidant response machinery including 
CAT and SOD, scavenging ROS, and 
decreasing lipid peroxidation (34). 

Similarly, a previous study with PIP 
indicated has a free radical scavenging 
capacity (35). 

Conclusion 
Piperine and SOR have shown a 

significant cytotoxic action in human 
triple negative breast cancer cell lines 
with variable potency. We have also 

shown that one of the major modes of 
action of these compounds is by 
regulating the activity of cellular 
antioxidant enzymes and lipid 

peroxidation status. 
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Figure 1. Dose–response bar graph showing the cytotoxic effects of: (A) PIP and (B) SOR, 

on MDA-MB-231 cells. Cells were exposed to different concentrations of each compound 
for 48 h and cell viability was determined by MTT assay. Data are expressed as mean ± SD 
(n = 3). * P<0.05 was regarded as significant compared to control group.  

 
Figure 2. Effect of PIP and SOR treatments on SOD activity: MDA-MB-231 cells were 

treated individually or in combination with PIP and SOR for 48 hours and enzymatic 
activity was measured colorimetrically. The experiment was performed in triplicate and was 
independently repeated for 3 times. Data are expressed as mean ± SD, * P<0.05 was 
regarded as significant compared to control group.  
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Figure 3. Effect of PIP and SOR treatments on CAT activity: MDA-MB-231 cells were 
treated individually or in combination with PIP and SOR for 48 hours and enzymatic 
activity was measured colorimetrically. The experiment was performed in triplicate and was 

independently repeated for 3 times. Data are expressed as mean ± SD, * P<0.05 was 
regarded as significant compared to control group.  

 
Figure 4. Effect of PIP and SOR treatment on lipid peroxidation MDA marker: MDA-MB-

231 cells were treated individually or in combination for 48 hours and MDA content was 
measured colorimetrically. The experiment was performed in triplicate and was repeated for 
3 times. Data are expressed as mean ± SD, * P<0.05 was regarded as significant compared 
to control group. 

 


