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abstract
Background: Breast cancer treatment failure mainly attributed to drug resistance and suboptimal dosage of 
drugs reaching to the actual target. Several bioenhancers have been used for enhancing drug availability to the 
target cancer cells in sustainable manner. Piperine is one such molecule has been used for increasing serum 
drug concentrations by enhancing the drug absorption in the stomach. However it is not clear whether piperine 
will have direct effect on cells when used along with drugs. In the present study we have studied the direct effect 
of piperine in combination with doxorubicin and paclitaxel. 

Methodology: MDA MB -231 cell lines were cultured and treated with different concentrations of paclitaxel 
and doxorubicin. The piperine at 25 µM was added to all drug concentrations. Induction of cytotoxic effect 
of doxorubicin and paclitaxel in combination with piperine was analysed by MTT cytotoxic assay, CFSE cell 
proliferation assay. Further the apoptotic and autophagy genes i.e. Beclin 1, P21, Bax and Survivin expression 
were analysed by semi quantitative RT PCR. 

Results: Piperine enhanced the cytotoxicity effect of doxorubicin and paclitaxel at all concentrations of drugs. 
Piperine alone did not cause cytotoxicity or inhibition of cell proliferation. However piperine enhanced the 
cytotoxic and anti proliferative effect of paclitaxel and doxorubicin when used in combination. Further, piperine 
in combination with drugs shown to induce P21 expression and reduce surviving expression. We have not 
observed changes in Beclin 1 and Bax genes expression with either drugs alone or in piperine combination. 

Conclusion: Piperine has increased the cytotoxic and anti proliferative affects of doxorubicin and paclitaxel drugs 
when used directly in cell lines. However the molecular mechanism has to be further analysed to understand the 
actual mode of action of piperine in breast cancer cells. 
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introduction
Breast cancer is a highly heterogeneous disease. 
Different types of this neoplasm exhibit variable 
histopathological and biological features, different 
clinical outcome and different response to systemic 
interventions. Drug resistance is a major limitation 
in breast cancer chemotherapy and frequently 
accounts for the failure of chemotherapy. It exists 
in two forms: acquired resistance, where the drug 
is initially efficient but becomes ineffective over 
time, while intrinsic resistance occurs when a drug 
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is ineffective from the beginning of the treatment. 
Generally, the following mechanisms could be 
involved in chemo-resistance: (i) Decreased 
intracellular drug concentrations (drug transporters, 
metabolic enzymes) (ii) Resistance to cell death 
due to disturbances affecting the cell cycle arrest, 
apoptosis and DNA repair (iii) Activation of signaling 
pathways related to the progression of cancer (iv) 
Epigenetic modifications and (v) Alterations in the 
availability of drug at the targets [1].

Though the molecular mechanism is unknown, 
in order to overcome drug resistance most of 
the times combinations of anticancer drugs are 
used in chemotherapy regimens. It is also proved 
that chemotherapeutics when given with natural 
bioenhancers are able to overcome acquired drug 
resistance. Bioenhancers are the molecules which 
by themselves do not show typical drug activity, but 
when used in combination enhance the activity of 
drug molecules in several ways without modifying its 
activity. Efficacy drug depends upon its bioavailability 
which in turn depends upon the rate at which the 
unchanged drugs are made available to the body and 
the extent to which the dose is ultimately absorbed 
after administration. Bioenhancers are considered 
to enhance the bioavailability of companion drugs 
either by inhibiting the drug metabolizing enzyme, 
cytochrome P450 [2] or by inducing the drug activity 
by interfering with drug resistance mechanisms. In 
the present study we investigated whether natural 
compound piperine acts as an enhancer of the drug 
cytotoxicity. Piperine is a major alkaloid of pepper 
fruits belonging to family Piperaceae. It is endowed 
with a number of medicinal properties [3]. Piperine 
enhances the bioavailability of structurally and 
therapeutically different drugs, either by increasing 
the absorption or by delaying the metabolism of 
the drug or by a combination of both processes. 
Reen and Singh considered that piperine increases 
the absorption of drugs from gastrointestinal tract 
by causing direct effect on vascular endothelium, 
smooth muscle and mast cells, resulting in increased 
vascular permeability and mucosal blood flow [2]. 
Piperine was observed to decrease the TER and 
thus increase the pore size between the cells and 
in turn the permeability of the intestinal milieu 
resulting in higher rate and extent of absorption of 
different drugs [4]. Piperine may also interact with 
the process of oxidative phosphorylation process 
like activation/ deactivation of certain metabolic 

pathways [5], slowing down the metabolism and 
biodegradation of drugs. This action of piperine 
results in higher plasma levels of the drugs, rendering 
them more available for pharmacological action. 
Atal et al. in 1981 mentioned that piperine enhanced 
the antiasthamatic property of vasaka leaves by 
increasing the bioavailability of vasicine [6], the active 
ingredient of vasaka leaves. Increased bioavailability 
of a number of drugs such as oxyphenbutazone [7], 
phenytoin [8], aflatoxin B1 [9], theophylline and 
propranolol, rifampicin [10], dapsone [11], curcumin 
[12], ciprofloxacin and phenobaritone, were 
reported when piperine was used with these drugs. 
Apart from acting as a bioenhancer, piperine was 
also shown to possess antioxidant, antidiaorrheal, 
antidepressant, antiplatelet, anti-inflammatory [13, 
14], antihypertensive, hepatoprotective, antithyroid, 
antitumor activities. Madhuri Kakarala et.al. 
determined the effect of curcumin and piperine on 
Wnt signaling in well characterized breast cancer cell 
lines utilizing the TCF-Lef Topflash reporter system 
and found that curcumin and piperine separately, 
and in combination, inhibited breast stem cell self 
renewal but did not cause toxicity to differentiated 
cells [15]. Makhov et al. performed studies on a 
xenograft model of human CRPC and investigated 
the pharmacokinetic and anticancer effects of 
piperine when co-administered with docetaxel. 
Results from their studies demonstrated that 
treatment with piperine inhibited hepatic CYP3A4 
activity in vivo which coincided with an increased 
area under the curve (AUC), half-life, and maximum 
plasma concentration of docetaxel, without resulting 
in an increase in docetaxel-mediated toxicities 
when administered in combination with piperine 
versus docetaxel alone [16]. Stohr JR et al. reported 
inhibition effects of piperine on oxygenase, p450 
isoenzyme and cycloxygenase-1 expression may 
contribute to the antimetastatic qualities [17]. Hwang 
YP et al. reported the suppression of the expression 
of MMP-9 in tumor cells by piperine is through the 
inhibition of PKCα and ERK phosphorylation and 
reduction of NF-κB and AP-1 activation [18]. Li-
hua LAI et al. found that piperine treatment down-
regulated the expression of cyclin B1 in 4T1 cells in 
a dose-dependent manner [19].

Materials and Methods 
Culturing of MDa MB -231 cell lines: MDA MB 
231 cell lines were gifted by Institute of pathology, 
ICMR, Delhi. Cell lines were maintained in DMEM 
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basal media containing 10% FBS and 1% penicillin 
– streptomycin solution. Cell limes were incubated 
in 5% CO2 at 37°C. 

Cytotoxicity assay (Mtt assay): Cytotoxicity assay 
for MDA-MB 231 cells was performed at different 
concentrations of paclitaxel and doxorubicin along 
with piperine treatments as per previous protocols. 
Briefly, cells were cultured in 96 well plates and 
incubated with doxorubicin containing serial 
dilutions from 20 µM – 0.156 µM, and paclitaxel 
serial dilutions from 100 µM to 1.5 µM. Piperine 
non cytotoxic concentration was determined after 
titration and used at 25 µM. Piperine at 25 µM was 
added to all treatment wells and incubated for 48 hrs 
in 5% CO2 at 37°C before proceeding for MTT (Sigma 
Aldrich) assay for cytotoxicity. The cytotoxicity was 
analysed by MTT assay following manufacturer’s 
protocol. 

CFSE cell proliferation assay: CFSE 
(Carboxyfluorescein succinimidyl ester) was 
procured from Invitrogen and titrated for cell 
proliferation analysis. Cells were cultured in 12 well 
plates at 105 cells/ well and incubated with specified 
drugs. The concentration of doxorubicin and 
paclitaxel used were 10 µM and 50 µM respectively 
and piperine was constant at 25 µM in all treatments. 
The minimum cytotoxic effect of piperine was 
derived from the titration analysis and used at 25 
µM as a non toxic concentration. 

gene expression analysis: Beclin 1, Survivin, P21 
and Bax molecules expression were analysed by 
semi quantitative reverse transcriptase PCR after 
treatment with doxorubicin, paclitaxel along with 
piperine as mentioned previously. Briefly, MDA 
MB cells were cultured in 6 well plates and treated 
with doxorubicin, paclitaxel along with piperine. 
Total RNA was isolated from drug treated cells 
and cDNA is prepared using reverse transcriptase. 
The prepared cDNA is used for quantification of 
Beclin 1, Survivin, P21 and Bax using sequence 
specific primers for cDNA. The GAPDH expression 
is measured and normalized for all samples. The 
relative quantification of above genes is measured 
and analyzed. 

Results
Piperine effect on doxorubicin cytotoxicity: Piperine 
alone was ineffective at 25 µM concentration. We 

determined it as non toxic at this concentration 
and checked for its adjuvant activity in combination 
with doxorubicin. The assay revealed that piperine 
enhanced the cytotoxic effect of doxorubicin at 
all concentrations and shown synergistic activity 
(Figure 1). However, piperine did not change the 
minimum effective concentration of doxorubicin 
when used in combination. 
 

Figure 1: Graph showing the cytotoxic effect of doxorubicin 
at various concentrations (0.156 µM – 20 µM) and in 
combination with piperine. 

Piperine effect on induction of paclitael 
cytotoxicity: The MTT assay revealed that piperine 
enhanced the cytotoxic effect of paclitaxel at all 
concentrations and shown synergistic activity 
(Figure 2). Paclitaxel was cytotoxic at 50 µM dose 
and piperine has reduced the minimum effective 
concentration of paclitaxel to 25 µM when used in 
combination. 
 

Figure 2: Graph showing the cytotoxic effect of paclitaxel 
at various concentrations (0.15 µM – 100 µM) and in 
combination with piperine.

Effect of doxorubicin and piperine in proliferation 
of breast cancer cells: Flowcytometry analysis 
showed that doxorubicin effectively inhibited the 
cell proliferation showing maximum number of cells 
aggregated in generation 4 (38.46%) as compared 
to experimental control which shows maximum 
number of cells (26.90%) in generation 5. This 
indicates that cell proliferation was stalled in 4th 
generation with doxorubicin treatment. Further 
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the number of cells remaining after doxorubicin 
treatment was considered alive and resistant to drug. 
Further, piperine in combination with doxorubicin 
affected cell proliferation evidenced by aggregating 
maximum cells in 4th generation and passed only 
4.52% (Figure 4A) cells to 5th generation, where as 
in doxorubicin it was 10.60% (Figure 4B) . 

Figure 3: Experimental control for CFSE proliferation assay. 
Cells were added with CFSE and cultured for 48hrs. without 
any treatment.

Figure 4: Flow diagrams for CFSE proliferation assay. A. MDA 
MB -231 cells treated with doxorubicine alone for 48hrs. and 
B. Cells treated with doxorubicin and Piperine. 

(a)

(B)

Effect of paclitaxel and piperine in proliferation 
of breast cancer cells: Flowcytometry analysis 
showed that paclitaxel effectively inhibited the cell 
proliferation showing maximum number of cells 
aggregated in generation 4 (48.63%) as compared 
to experimental control which shows maximum 
number of cells in generation 5 and 6. This indicates 
that cell proliferation was stalled in 4th generation 
with paclitaxel treatment. Further the number 
of cells remaining after paclitaxel treatment was 
considered alive and resistant to drug. Further, 
piperine in combination with paclitaxel affected cell 
proliferation evidenced by aggregating maximum 
cells in 3rd generation. As compared to doxorubicin, 

paclitaxel in combination with piperine is effective 
in inhibition of cell proliferation.

Figure 5: Flow diagrams for CFSE proliferation assay. A. MDA 
MB -231 cells treated with paclitaxel alone for 48hrs. and B. 
Cells treated with paclitaxel and Piperine.

Effect of paclitaxel and piperine on Autophagy 
and apoptotic genes expression: Semiquntiative 
RT PCR was performed for analyzing the effect of 
paclitaxel and piperine combination treatments 
in the expression of Beclin 1, Survivin, P21 and 
Bax genes. GAPDH housekeeping gene expression 
was normalized to compare with the expression of 
above genes relatively. The semiquantitative RT PCR 
analysis showed that paclitaxel and in combination 
with Piperine has induced the P21 and down 
regulated the Survivin expression. However, Beclin 
1 and Bax gene expression was not affected by any 
of the treatment. 

Figure 6: Semiquantitative RT PCR analysis of Beclin 1, 
Survivin, P21 and Bax genes after paclitaxel, Paclitaxel and 
piperine and only piperine combinations. 

Effect of paclitaxel and piperine on apoptosis 
controlling genes expression: From the figures 
above survivin levels were found to be less compared 
to the expression levels of the other genes selected. 
Paclitaxel was found to have inducing effect on the 
expression levels of p21 and suppressing effect on 
the expression levels of survivin both in monotherapy 
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and combination treatment whereas piperine was 
found to have no effect on apoptotic genes. Neither 
piperine nor paclitaxel treatment has shown effect 
on Bax levels. 

Discussion
Paclitaxel and doxorubicin are widely used in clinics 
for the treatment of broad spectrum of cancers. Drug 
resistance and side effects are two major limitations 
that restricted their clinical success. Hence, 
active research is been carrying out on natural 
bioenhancers in combination with anticancer drugs 
as they do not exert any action by themselves but 
only modulates the action of anticancer drug. Recent 
studies by two different groups [20, 21] suggested 
the use of piperine in anticancer treatment. Hence, 
we demonstrated in this study the role of piperine 
in enhancing cytotoxic activity of anticancer drugs 
doxorubicin and paclitaxel.

Analysis of cytotoxicity assay revealed that piperine 
enhanced the cytotoxic activity of doxorubicin at all 
concentrations but no changes were observed in the 
minimum effective concentration of doxorubicin 
when administered in combination with piperine. 
Studies by different groups reported that 
doxorubicin induces cell death through apoptotic 
pathway [22, 23]. Tomoki Yokochi et al. reported 
through their studies that micromolar concentration 
of doxorubicin induces cell death through apoptotic 
pathway [24].  Cell proliferation assay results 
showed that doxorubicin stalled cell proliferation 
at 4th generation when used alone as well as 
combination with piperine but the number of cells 
passed to the next generation when doxorubicin 
alone was used is more when compared to the 
number of cells passed to the next generation when 
doxorubicin is used in combination with piperine. 
Studies by Young-Woo Eom et al. demonstrated that 
NF-kB, which is a potent regulator of antiapoptotic 
genes, is transiently activated during the initial 
phase of doxorubicin-induced apoptosis [23]. 
NF-kB dependent activation of prosurvival gene 
transcription will block apoptosis [25]. Piperine was 
proved to be a potent inhibitor of NF-κB [25, 19] 
and from this it can be assumed that when given in 
combination with doxorubicin, piperine might have 
enhanced its cytotoxicty activity.

Paclitaxel exerts antiproliferative actions by 
disrupting microtubule structure and function, 
resulting in the inability of cells to properly 

complete mitosis [26]. It was also found to induce 
cell death through apoptosis [27]. Cytotoxicity assay 
of paclitaxel revealed that paclitaxel when combined 
with piperine, its IC50 values were brought down 
from 50μM (IC50 value with paclitaxel alone) to 
25μM. Decreased IC50 values are indicative of 
increased cellular concentration of drug. According 
to the findings of Ardith W. El-Kareh et al. peak total 
intracellular concentration to be a good predictor of 
drug activity [28]. This suggests that piperine might 
have increased the intracellular concentrations of 
paclitaxel either by facilitating increased cellular 
uptake of paclitaxel or by increasing the free, unbound 
form of paclitaxel inside the cell by disrupting its 
interactions with binding sites interfering with its 
intracellular pharmacodynamics. Analysis of cell 
proliferation assay results revealed that paclitaxel 
stalled cell proliferation at 4th generation whereas 
combination of piperine and paclitaxel stalled cell 
proliferation at 3rd generation.  It suggests that 
piperine decreased the lag phase (which is attributed 
to the cell cycle specificity of paclitaxel) in the 
duration of action of paclitaxel which is consistent 
with the observations of Li-hua Lai et al that piperine 
treatment down-regulated the expression of cyclin 
B1, thus increasing the percentage of cells in G2/M 
phase in 4T1 cells [19].

In this study further investigated whether 
piperine exerts any influence on expression levels 
of autophagy and apoptosis controlling genes. 
Paclitaxel was found to have inducing effect on the 
expression levels of p21 which is in crrelationn 
with earlier studies of different groups [29, 30]. We 
also reported that paclitaxel decreased expression 
levels of survivin. P21 levels were induced to the 
same extent in both paclitaxel treated and paclitaxel, 
piperine combination treated cells. It is also reported 
that piperine alone has no influence on either 
autophagy or apoptosis controlling genes.

Conclusion
Combination treatment with piperine and paclitaxel 
yielded better antiproliferative and cytotoxic activity 
when compared to paclitaxel treatment alone. This 
combination is advantageous when compared to 
combination regimen which employs two or three 
cytotoxic drugs because piperine itself exerts no 
side effects and also because it increases cellular 
concentrations of paclitaxel dose escalating can be 
reduced. 
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