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Abstract 
Phytocompounds are pleotropic in their function and preferentially target cancer cells without altering 
normal cells. In the present study, MTT [3-(4, 5- dimethylthiazolyl- 2)-2, 5- diphenyltetrazolium 
bromide] assay was conducted on MCF-7 and MDA-MB-231 cell lines at 48h incubation to determine 
percent cell viability. The IC50 values of umbelliferone and piperine for MCF-7 were 15.56 and 17.83μM, 
respectively. Likewise, IC50 values of umbelliferone and piperine for MDA-MB-231 were 10.31 and 
14.28 μM, respectively. A combination of umbelliferone (IC25) and piperine (IC25) on MDA-MB-231 and 
MCF-7 showed percent cell viability of 8.24±0.01 and 15.12±0.01, respectively. This study suggests that 
the cytotoxicity of umbelliferone and piperine was dose-dependent. The in vitro cytotoxicity potential in 
terms of percent cell viability, early apoptosis, late apoptosis and G2M phase arrest of umbelliferone 
alone and in combination with piperine proved to be more effective on MDA-MB-231 cells. 
 
Keywords: Umbelliferae, piperine, cytotoxicity, apoptosis, cell cycle arrest, MCF-7, MDA-MB-231 
 
1. Introduction 
Cancer is a multistage process and is the second leading cause of death after cardiovascular 
disease [1]. Although the mortality rate has declined with early detection [7], but the recurrence 
and metastases remain the leading causes of death [2, 3]. A triple-negative breast cancer (TNBC) 
is the most aggressive, difficult to treat, metastatic, poor prognosis [4, 5] and resistant to several 
anti-cancer agents [6]. Additionally, the development of multidrug resistance (MDR) is a major 
drawback to cancer chemotherapy which can reduce therapeutic efficacy and decreases the 
survival rates [7, 8, 9]. Therefore, new therapeutic agents with better therapeutic efficacy and 
safety profile are critically needed to improve the current treatment modalities [10, 11].  
The umbelliferone is a 7-hydroxycoumarin, widely found in plants and is benzopyrone in 
nature. It exhibits various pharmacological activities against conditions related to oxidative 
stress such as inflammation, degenerative diseases, cancer and microbial infections [12]. It 
exerts anticancer effect against colon cancer [13], laryngeal cancer [14], hepatocellular carcinoma 
[15]. The piperine is a major alkaloid constituent of Piper sp belonging to the Piperaceae family. 
It produces various pharmacological activities such as anti-inflammatory, anti-cancer, 
antibacterial, immunosuppressive, anticonvulsant, analgesic and antiparasitic activities [16, 17, 

18]. Hence, this study was aimed to evaluate the anticancer efficacy of umbelliferone with or 
without piperine in terms of cytotoxicity, apoptosis and cell cycle arrest in most commonly 
studied breast cancer cell lines viz, MCF-7 and MDA-MB-231. 
 
2. Materials and Methods 
2.1 Materials 
Umbelliferone (Sigma, #H24003), Piperine (Sigma, #P49007), Dimethly sulfoxide (Sigma, 
#D8418) were purchased from Sigma-Aldrich Chemical Co. Ltd. FITC-annexin V (BD 
Biosciences, #556547), 10X annexin V binding buffer (BD Biosciences, #556547), propidium 
iodide (BD Biosciences, #556547), Dulbecco’s Modified Eagle’s Medium (GE Healthcare 
Life Sciences, #SH30243.01), Dulbecco’s phosphate-buffered saline (GE Healthcare Life 
Sciences, #SH30028.02). Trypan blue, absolute ethanol, penicillin, streptomycin, 
amphotericin, fetal bovine serum, trypsin, paraformaldehyde (PFA), Triton-X 100, RNase  
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(HiMedia Labs, Mumbai, India) and other reagents of 
analytical grade were also used in the study. 
 
2.2 Cell lines and culture conditions 
In vitro cytotoxicity study was carried out on breast cancer 
cell lines (MCF-7) and MDA-MB-231 cell lines (National 
Centre for Cell Science, Pune, India). The cells were 
maintained in Dulbecco’s Modified Eagle’s Medium 
(DMEM) (4.5g/L Glucose), supplemented with L-glutamine 
(4mM), 10% heat-inactivated fetal bovine serum (FBS), 
streptomycin 1000μg/mL, penicillin 10,000 units/mL and 
Amphotericin-B solution 25μg/mL. The cells were incubated 
at 370C in a humidified atmosphere of 95% air and 5% CO2. 
Following 24h of incubation, the adherent cells were detached 
using trypsin-EDTA solution 1X/0.25%. The cell count was 
carried out using the Luna automated cell counter (Logos 
Biosystems, USA) based on the trypan blue dye exclusion 
method.  
 
2.3 Determination of cytotoxicity  
The MTT (3-(4, 5-dimethylthiazolyl-2)-2, 5-
diphenyltetrazolium bromide) assay was carried out on breast 
cancer cell lines viz., MCF-7 and MDA-MB-231 to determine 
the cytotoxicity of umbelliferone, piperine, and combination 
of umbelliferone with piperine. Cell suspension of 200μL was 
seeded in 96-well microplates (Corning®, USA) at a density 
of 20,000 cells/well and incubated in 5% CO2 incubator at 
37°C for 24h, after which the cells were exposed to a graded 
concentration (MCF-7 & MDA-MB-231: 3.125, 6.25, 12.5, 
25, 50 and 100μM) of umbelliferone and piperine followed by 
incubation for 48h. Later media was removed from all treated 
and vehicle control (1% DMSO) cells and replaced with fresh 
media containing MTT (0.5 mg/ml) and were re-incubated for 
3 hours at 37°C. MTT solution was removed and 100μL of 
DMSO was added to dissolve the insoluble formazan crystals 
formed within mitochondria of viable cells. The plate was 
incubated with DMSO for 5min with gentle shaking. The cell 
viability was determined by measuring the absorbance on a 
microplate reader (ELx800, BioTek, USA) at λmax 570 nm. 
The concentration of umbelliferone and piperine that resulted 
in 50% inhibition of cell growth was calculated as the half-
maximal inhibitory concentration (IC50) by constructing a 
dose-response curve. The IC50 for each cell line was 
determined by a linear curve fit generated after obtaining 
dose-response to six different concentrations of umbelliferone 
and piperine. The cell viability percentages (y-axis) were 
plotted against increasing concentrations of umbelliferone and 
piperine on the x-axis. IC50 values were estimated by using 
the linear regression equation 
 

 
 
Where 50 is substituted for y, yielding x as the IC50 value. 
 

 
 
Later, the cell viability percent for the combination of 
umbelliferone (IC25) and piperine (IC25) on MCF-7 and 
MDA-MB-231 cell lines was carried out at 48h incubation.  
 
2.4 Analysis of apoptosis and necrosis using Annexin V-
FITC/ PI staining by flow cytometry 
The cell death analysis in MDA-MB-231 was performed 

using annexin V-FITC (Fluorescein is othiocyanate) / PI 
(propidium iodide) assay with a flow cytometer (BD 
Biosciences FACS Calibur, USA). The cells were cultured in 
6-well plates for 24h at 370C in 5% CO2 humidified 
atmosphere and were later exposed to umbelliferone and 
piperine at their respective IC50 and combination of 
umbelliferone (IC25) and piperine (IC25) for 48h. After 
incubation, cells were harvested and washed once with 1X 
DPBS and once with 1X annexin V binding buffer (0.1M 
HEPES/ NaOH (pH 7.4), 1.4 M NaCl, 25 mM CaCl2). The 
cells were then suspended in binding buffer at 0.5X106 
cells/mL concentration and stained with 5μL annexin V-
FITC. This was followed by an incubation period of 10-15 
min at room temperature (RT) in dark. After incubation, the 
cells were washed with binding buffer and fixed with 4% 
PFA-paraformaldehyde, 0.1% Triton-X 100 for 10-15 min at 
RT. The cells were washed with binding buffer and subjected 
to 0.25-0.5 mg/mL RNase treatment for 20 min at 370C. 
Again, the cells were washed, suspended in binding buffer 
and stained with 5μL of PI and incubated for 10-15 min at 
RT. Later, the cells were suspended in 400μL of 1X annexin-
V binding buffer and the apoptotic/necrotic populations were 
analyzed by flow cytometry using Fluorescence channel-1 
(FL1) and Fluorescence channel-2 (FL2). 
 
2.5 Analysis of cell cycle by flow cytometry 
The MDA-MB-231 cells were cultured in 6-well plates for 
24h at 370C in 5% CO2 humidified atmosphere and were 
exposed to umbelliferone and piperine at their respective IC50 
and combination of umbelliferone (IC25) and piperine (IC25) 
for 48h. The cells were harvested and washed once with 1X 
DPBS. The cells were then suspended in 100μL binding 
buffer at 1X106 cells/mL concentration. Fixation was carried 
out by adding 0.7mL chilled 70% absolute ethanol drop wise 
with gentle overtaxing. Later, cells were fixed for 30 min at 
40C, centrifuged at 2500 rpm and washed twice with 1X 
DPBS. The cells were then treated with 0.2 mg/mL R Nase 
for 20 min at 370C, followed by staining with 50 μg/mL PI for 
5-10 min in dark. The cell cycle was then analyzed by flow 
cytometry using Fluorescence channel-2 (FL2). 
 
2.6 Statistical analysis 
The data of in vitro cytotoxicity studies were subjected to 
linear regression analysis to obtain dose-response curves and 
IC50 values. All the values were expressed as Mean± SD 
(Graph Pad Prism, Version 5). Apoptosis/necrosis stages and 
cell cycle stages were analyzed by using BD Cell Quest™ Pro 
software, Version 6 and difference in the percentage of the 
population between vehicle control and treatment groups were 
calculated based on the statistical data generated by the 
system (BD Biosciences FACS Calibur, USA). The in vitro 
cell culture assays such as MTT was analyzed by student t-
test and apoptosis-necrosis and cell cycle were analyzed by 
one-way ANOVA followed by post hoc Tukey’s multiple 
comparison test. All the values were expressed as Mean ± SD 
(Graph Pad Prism, version 5). 
 
3. Results and Discussion 
3.1 In vitro cytotoxicity assay 
The cytotoxicity of umbelliferone and piperine on both MCF-
7 and MDA-MB-231 cell lines was dose-dependent (Fig.1a 
and 1b, respectively). The IC50 values of umbelliferone and 
piperine for MCF-7 were 15.56 and 17.83μM, respectively. 
Likewise, IC50 values of umbelliferone and piperine for 
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MDA-MB-231 were 10.31 and 14.28 μM, respectively. A 
combination of umbelliferone (IC25) and piperine (IC25) on 
MDA-MB-231 and MCF-7 showed percent cell viability of 
8.24±0.01 and 15.12±0.01, respectively (Fig.2a and 2b, 
respectively). Based on IC50 values and percent cell viability 
observed in MTT assay it was concluded that MDA-MB-231 
cells were more sensitive than MCF-7 cell lines to the test 
compounds. Hence, for further studies, MDA-MB-231 cells 
were selected for the evaluation of apoptosis/necrosis and cell 
cycle arrest.  
The MDA-MB-231 cells upon treatment with umbelliferone, 
piperine at their respective IC50 concentration and 
combination of umbelliferone + piperine at their respective 
IC25 concentration for 48h incubation showed significantly 
(p< 0.0001) increase in cytotoxicity potential in terms of early 
and late apoptosis and G2/M phase arrest, (Fig. 3, 4, 5, 6 and 
Table 1, 2) by flow cytometry. 
In conclusion, the current study revealed that umbelliferone 

induced cytotoxicity by triggering apoptosis and G2M phase 
arrest in triple-negative breast cancer cells. Further, a 
combination of umbelliferone with piperine produced an 
enhanced anticancer effect in terms of percent cell viability, 
early and late apoptosis and cell cycle arrest. The anticancer 
effect of piperine on TNBC cells could be due to down 
regulation of G1-associated (cyclin D3, CDK4, E2F-1) and 
G2-associated (cyclin B, CDK1, Cdc25C) proteins, as well as 
an induction of p21 [19] and also apoptosis via the 
mitochondrial pathway [19, 20] which might have additionally 
contributed to the enhanced anticancer effect of the 
combination. Thus, the findings of our study may provide a 
basis for the identification of the precise mechanism of action 
of umbelliferone on triple-negative breast cancer. 
Furthermore, a combination of umbelliferone with piperine 
has a wide scope for application in the treatment of triple-
negative breast cancer. 

 

  
 

Fig 1: Histogram depiction of dose dependent cytotoxicity data of umbelliferone and piperine as determined by MTT assay on (a) MCF- 7 and 
(b) MDA-MB-231 cell lines. Values are Mean± SD, n=3, (***p<0.0001) 

 

  
 

Fig 2: Bar graph depiction of cytotoxicity data of combination studies (umbelliferone IC25 and piperine IC25) as determined by MTT assay on 
(a) MCF- 7 and (b) MDA-MB- 231 cell lines. Values are Mean ± SD, n=3, (***p<0.0001) 
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Fig 3: Representative image of flow cytometry analysis of apoptosis in MDA-MB-231 cells after staining with annexin V-FITC/PI: a) vehicle 
control b) umbelliferone c) piperine d) umbelliferone (IC25) + piperine (IC25) 

 

  
 

  
 

Fig 4: Representative image of cell cycle analysis in MDA-MB-231 cells at 48h incubation by flow cytometry: a) vehicle control b) 
umbelliferone c) piperine d) umbelliferone (IC25) + piperine (IC25) 

 
Table 1: Effect of umbelliferone, piperine and umbelliferone (IC25) 

+ piperine (IC25) on apoptosis and necrosis from MDA-MB-231 
cells. one-way ANOVA, followed by post hoc Tukey’s multiple 

comparison test. Values are Mean± SD, n=3   

Groups UL UR LL LR 
Vehicle Control 0.00±0.00 0.11±0.09a 99.63±0.32 0.13±0.12a

Umbelliferone 1.45±0.37 9.93±0.86c 19.13±0.6368.50±1.24b

Piperine 0.87±0.04 5.44±0.85b 27.19±1.4066.13±1.08b

Umbelliferone + 
Piperine 0.86±0.0410.60±0.42d14.81±0.9473.36±1.26c

UL: Necrosis UR: End stage of Apoptosis LL: Normal cells LR: 
Early stage of Apoptosis 
Note: Values bearing different superscripts within in a column differ 
significantly (P<0.0001) 
 

Table 2: Effect of umbelliferone, piperine and umbelliferone (IC25) 
+ piperine (IC25) on cell cycle from MDA-MB-231 cells. One-way 
ANOVA, followed by post hoc Tukey’s multiple comparison test. 

Values are Mean ± SD, n=3 
 

Groups SubG0/G1 G0/G1 S G2/M 
Vehicle Control 1.90±0.03 72.30±1.169.79±0.7215.68±1.05a

Umbelliferone 0.94±0.10 18.62±0.665.13±0.7356.60±1.18c

Piperine 1.01±0.15 28.79±0.954.50±0.7843.40±0.83b

Umbelliferone + 
Piperine 1.06±0.22 9.05±0.66 3.31±0.4658.30±1.11d

Note: Values bearing different superscripts within a column differ 
significantly (P<0.0001) 
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UL: Necrosis UR: End stage of Apoptosis LL: Normal cells LR: 
Early stage of Apoptosis 
 

Fig 5: Histogram representation of flow cytometry data for 
population of cells in early and late stage of apoptosis and necrosis 
from MDA-MB-231 cells treated with umbelliferone, piperine and 
umbelliferone (IC25) + piperine (IC25). Values are Mean± SD, n=3, 

(***p<0.0001) 
 

 
 

Fig 6: Histogram representation of flow cytometry data for 
population of cells in Sub G0/G1, G0/G1, S and G2/M phases of cell 
cycle from MDA-MB-231 cells treated with umbelliferone, piperine 
and umbelliferone (IC25) + piperine (IC25). Values are Mean ± SD, 

n=3, (***p<0.0001) 
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