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A B S T R A C T

Piperlongumine (PL), a herbal drug extracted from long pepper (Piper longum L), is known for its anti-in-
flammatory and anti-cancer properties. Although, its anti-cancer potential has been evaluated in cancer models
like breast, pancreatic, gastric, hepatocellular and lung carcinoma, there is no report on its bio-activity eva-
luation in intestinal cancers. Here, we report the anti-neoplastic potential of PL against human intestinal car-
cinoma in-vitro and its possible mechanisms of action. Cytotoxicity studies demonstrate that PL inhibits cell
proliferation of INT-407 and HCT-116 cells in a concentration and time-dependent manner. Also, PL elevated the
levels of intracellular reactive oxygen species, which may lead to lethal oxidative stress, mitochondrial dys-
function, and nuclear fragmentation. Remarkably, P53, P21, BAX, and SMAD4 were significantly upregulated
after PL treatment whereas; BCL2 and SURVIVIN were down-regulated. Moreover, the combination study also
shows the synergistic effect of PL with the current chemotherapeutic drug paclitaxel. These findings suggest that
PL possesses anti-neoplastic properties in intestinal cancer cells.

1. Introduction

Intestinal carcinoma is one of the leading cause of cancer related
mortality worldwide [1]. Various factors are responsible for carcino-
genesis including age, family history, lifestyle, food, smoking and alcohol
consumption [2,3]. Genetic alterations and unregulated proliferation are
the primary characteristic of the cancer cells that leads to tumorigenesis
[4]. Carcinogenesis and apoptosis are two opposite phenomena, but re-
active oxygen species (ROS) have been reported to play a critical role in
both. ROS may be produced by UV radiation, toxic chemicals and drugs,
whereas the intracellular ROS is generated as byproducts of normal
metabolism. The variation in intracellular ROS level triggers different
cellular processes. At lower concentrations, ROS acts as a signaling mo-
lecule for several signal transductions [5,6] while at higher levels it
causes lethality [7]. In order to overcome the intracellular oxidative
stress, the cells activate their antioxidant machinery comprised of anti-
oxidant enzymes and antioxidant metabolites. Cancer cells usually have
elevated ROS and high levels of antioxidant system [8]. Since, the ex-
cessive oxidative stress induces apoptosis and eventually cell death. The
increased ROS production in the presence of anti-cancer drugs like pa-
clitaxel, 2-methoxyestradiol and trisenox, has been implicated to their
anticancer potentials [9–11]. For further improvement in the specificity
and efficacy of existing drugs and to control the side effects from the

present generation of chemotherapy and radiotherapy, several herbal
compounds have been inducted in management of cancer therapy. Re-
cently Piperlongumine (PL) is identified as a biologically active alkaloid
majorly found in long pepper (Piper longum L). It is a potent cytotoxic
compound for malignant cells and traditionally used for the treatment of
several diseases like malaria, viral hepatitis, gastrointestinal and
common respiratory problems [12]. PL selectively induces ROS produc-
tion in cancerous cells, which makes it a novel therapeutic agent to kill
cancer cells without harming normal one [13]. PL activates p38, Akt,
JNK, Erk, which promote protein glutathionylation or NFκB inhibition in
different types of carcinomas [14–19]. However, the precise mechanism
of action is not been fully understood in intestinal cancer. TGF-β sig-
naling plays multiple roles in cancer progression depending on tumor
stages and types [20]. It acts as either tumor suppressor or promoter
depending on the SMAD and non-SMAD pathways respectively [21,22].
The patients with elevated SMAD4 expression have significantly better
therapeutic response and survival as compared to patients with low level
of SMAD4 in colorectal cancer [23,24]. Therefore, the therapeutic po-
tential of PL in intestinal cancer would be worth understanding. Here, we
report the anticancer potential of PL in intestinal cancer cell lines. We
demonstrated that PL induces oxidative stress and thereby bring about
the molecular and cellular changes that are potentially detrimental to the
survival of cancer cells.
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2. Materials and methods

Reagents: Dulbecco's Modified Eagle medium (DMEM) high glu-
cose, Fetal bovine serum (FBS), 10X Phosphate buffer saline (PBS),
100X Antibiotic Antimycotic solution (penicillin (10−12 mg/mL)/
streptomycin (10000–12000 U/mL)/amphotericin (25–30 μg/ml)),
Gentamicin (10 mg/mL) and trypsin-EDTA solution (0.25% Trypsin and
0.02% EDTA) were purchased from HIMEDIA laboratories (Mumbai,
India). Piperlongumine (PL), Trypan Blue solution,
Methylthiazolyldiphenyl-tetrazolium bromide (MTT), 2′,7′-
Dichlorofluorescin diacetate (DCFDA), Acridine orange, Propidium io-
dide and Hoechst 33258 were purchased from Sigma-Aldrich Pvt. Ltd.
(US). High-Capacity cDNA Reverse Transcription Kit, PCR Master Mix
and SYBR™ Green Mix were purchased from Thermo Fisher Scientific
(US). RNASure Mini Kit was purchased from Gentrix biotech (India).
INT-407 and HCT-116 intestinal cancer cell lines were obtained from
cell repository, National Centre for Cell Science, Pune, India. All re-
agents used were of analytical and molecular grade.

2.1. Cell culture

Two types of intestinal cancerous cells lines i.e. INT-407 and HCT-
116 were used for this study. All the cell lines were grown in DMEM
culture media supplemented with 10% FBS and 1X penicillin/strepto-
mycin/amphotericin and were maintained at 37 °C in humidified in-
cubator containing 5% CO2.

2.2. Cell proliferation assay

Cultured cells were trypsinized and seeded in a 96- well plate at a

density of 1 × 104 cells/well and incubated overnight. The cells were
treated with PL (0, 0.2, 0.5, 1, 2, 5, 10 and 20 μM) and incubated for 24
and 48 h. After treatment, the media was removed and 50 μL of MTT
solution (5 mg/mL) was added and the cells were incubated for another
3 h in CO2 incubator. MTT was discarded and 100 μL of Dimethyl
sulfoxide was added to dissolve the formazan crystals. Then, the ab-
sorbance was recorded at 570 nm using the Multiskan™ GO Microplate
spectrophotometer (Thermo scientific, US). The ED50plus v1.0 tool was
used to calculate mean inhibitory concentration (IC50). For drug com-
bination studies, the cells were co-treated with PL (1, 2.5 and 5 μM) and
PTX (0.1, 0.5 and 1 μM) for 24 h. MTT assay was performed to de-
termine the cell viability. The data was analyzed using SynergyFinder
and CompuSyn software [25–27]. For all the experiments, the untreated
cells were considered as control.

2.3. Cell viability assay

Cell viability assays were performed using acridine orange and
propidium iodide double-staining method. In brief, INT-407 and HCT-
116 cells were seeded at a density of 1 × 105 cells/well in a 12-well
plate and incubated overnight. The cells were exposed to defined con-
centrations of PL (0, 1 μM, 13 μM for INT-407, 8 μM for HCT-116, and
20 μM) for 24 h. Media was removed and the cells were washed with 1X
PBS. A volume of 300 μL of 100μM Acridine orange and Propidium
iodide (1:1) was added to the cells and incubated at room temperature
(RT) for 15 min under dark condition. The Stain was discarded and the
cells were re-washed with 1X PBS twice. The stained cells were ob-
served under the fluorescence microscope (CKX53, Olympus, Japan)
and number of viable/dead cells were counted [28].

Fig. 1. (A) Chemical structure of piperlongumine. Cells were treated with increasing concentrations of PL (0–20 μM) for 24 and 48 h respectively. MTT test was
performed to determine the proliferation of the cells. The histograms indicate percentage cell viability of INT-407 (B) and HCT-116 (C) cells after PL treatment. Data
represented as the mean ± SE of 4 independent experiments (statistically significant differences, *P < 0.05, ** P < 0.01, *** P < 0.001).
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2.4. Assessment of nuclear morphology by Hoechst 33258

INT-407 and HCT-116 cells were seeded on the coverslips placed in
a 12-well plate with density of 1 × 105 cells/well and allowed to adhere
overnight. The cells were treated with PL (0, 1 μM, 13 μM for INT-407
and 8 μM for HCT-116) for 24 h. Media was discarded and cells were
washed with 1X PBS. Fixation was done using freshly-prepared 4%
formaldehyde solution at RT for 15 min. Following the fixation, for-
maldehyde was discarded and the cells were washed with 1X PBS.
Then, 800 μL of tritonX-100 (0.01%) was added and the cells were in-
cubated for 10 min at RT. Triton X-100 was removed and cells were
washed with 1X PBS. Finally, the cells were stained with Hoechst 33258
(1 μg/mL) and incubated for 15 min at RT under dark condition. The
stain was removed and the cells were washed twice with 1X PBS to
reduce over staining. Coverslips were mounted on slides with the help
of vectashield antifade mounting medium. The morphology of the nu-
clei was visualized under confocal laser scanning microscope (FV3000,
Olympus Corporation, Japan) [29].

2.5. Quantitation of ROS by 2′,7′-Dichlorofluorescin diacetate (DCFDA)
assay

The intracellular ROS levels were quantified with oxidation-

sensitive DCFDA reagent. Cells were seeded in a 12-well plate at
1 × 105 seeding and were allowed to grow overnight. Cells were
treated with PL (0, 1 μM, 13 μM for INT-407, 8 μM for HCT-116, and
20 μM) for 24 h. After PL treatment, 30 μL of 10 μM DCFDA was added
and the cells were kept at 37 °C for 30−40 min under dark conditions.
Cells were then visualized under fluorescence microscope (CKX53,
Olympus, Japan) [30].

2.6. Wound healing assay

Migration of cancer cells was assessed by wound healing assay. For
this, 1 × 105 cells/well were seeded in a 12-well plate and were al-
lowed to grow for 24 h in DMEM supplemented with 4% FBS. A single
line scratch was made in monolayer culture with a sterile micropipette
tip (200 μL) and the floating cells were washed out with 1X PBS.
Defined concentration of PL (0, 1 μM, 13 μM for INT-407, 8 μM for HCT-
116, and 20 μM) were added to the cells and each scratch was visua-
lized and the images were captured at different time points 0, 12 and
24 h [31].

2.7. RNA expression analysis by real time PCR

For the isolation of total RNA, the cells were treated with PL (0,

Fig. 2. Acridine orange and Propidium iodide double staining was performed after 24 h PL treatment. Representative fluorescence images of INT-407 (A) and HCT-
116 (C) cells. (B) & (D) show the quantified data of (A) & (C) respectively. The Green fluorescence represents viable whereas red fluorescence represents the dead
cells. Data represented as the mean ± SE of three independent experiments (statistically significant differences, * P < 0.05, ** P < 0.01, *** P < 0.001).
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13 μM for INT-407 and 8 μM for HCT-116) for 24 h were used. The total
RNA was extracted using the RNASure Mini Kit (Genetrix, India). The
concentration and purity of extracted RNA was quantified using the
Nanodrop spectrophotometer (Thermo Fisher Scientific, US). The cDNA
was synthesized using high capacity cDNA synthesis kit (Applied
Biosystems, US). Q-PCR was performed in a total volume of 20 μL, with
10 μL of 2 × SYBR Green QPCR Master Mix (Agilent Technologies), 1 μL
each of forward and reverse primers (10 pM), 2 μL cDNA (25 ng/μL)
and 6 μL ddH2O. Q-PCR was performed using AriaMx Real-time PCR
System (Agilent Technologies Inc., USA) with cycling conditions as
follows: Initial denaturation at 95 °C for 3 min; followed by 40 cycles of
denaturation at 95 °C for 30 s, 55 °C for 40 s and 72 °C for 60 s. The
melting curves were analyzed to confirm specificity of primers. Relative
mRNA expression or fold change was quantified using the 2−ΔΔCT

method and normalized with human 18 s rRNA [32]. All the primers
used in this study are included in Supplementary file 1.

2.8. Statistical data analysis

For each sample, three biological replicates and three technical re-
plicates were analyzed. All data are presented as means with standard
deviation and were analyzed using the Two-way ANOVA or Student’s t-

test. The P values are represented in the figures as follows: *P < 0.05;
**P < 0.01; ***P < 0.001; ns, not significant.

3. Results

3.1. Piperlongumine shows cytotoxicity in intestinal cancer cells

The cytotoxicity of piperlongumine (PL) was tested in INT-407 and
HCT-116 human intestinal cancer cells in vitro. The results showed the
PL dose and treatment time dependent growth inhibition in both the
cell lines (Fig. 1B and C). For instance, 10 μM of PL could inhibit the
growth of INT-407 cells by 48% and 70.2% in 24 h and 48 h of treat-
ment respectively. While the HCT-116 cells showed better response to
PL and growth inhibition was 75.3% and 96% in 24 h and 48 h treat-
ment respectively. Furthermore, the cells treated with 20 μM PL, the
growth inhibition for both the cell lines was more than 95% in 48 h. The
half maximal inhibitory concentration (IC50) of PL for INT-407 was
observed to be 13 μM and 9 μM while for HCT-116 cells it was 8 μM and
6 μM after 24 h and 48 h incubation, respectively.

Fig. 3. Morphological changes of cell nuclei were analyzed by Hoechst 33258 staining after 24 h PL treatment. Representative fluorescence images of INT-407 (A)
and HCT-116 (C) cells nuclei. (B) & (D) represent the quantified data of (A) & (C) respectively. Arrow indicates the chromatin condensation and nuclear frag-
mentation. Data represented as the mean ± SE of three independent experiments (statistically significant differences, * P < 0.05, ** P < 0.01, *** P < 0.001).
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3.2. Piperlongumine promotes cell death in human intestinal cancer cells

The number of viable and dead cells was determined by using the
acridine orange and propidium iodide double staining method. The
stained cells were visualized under a fluorescence microscope. The vi-
able cells with intact membrane showed green fluorescence while the
membrane compromised and dead cells produced yellow-orange and
red fluorescence, respectively. The number of viable and membrane
compromised/dead cells were counted from three random microscopic
fields per sample and the results were expressed as a percentage of live/
dead cells (Fig. 2A and C). This study reveals that with increasing doses
of PL treatment the number of dead cells increased significantly in both
INT-407 and HCT-116 cell lines as compared to respective controls
(Fig. 2B and D). These results suggested that PL triggers cell death in
intestinal cancerous cells.

3.3. Piperlongumine induces nuclear damage and chromatin condensation

To determine the changes in nuclear morphology upon PL treat-
ment, we stained the cells with a DNA binding dye Hoechst 33258 and
observed under microscope. The nuclei of untreated cells were normal
in both size and shape. However, the PL-treated cells showed condensed
or fragmented nuclei (Fig. 3A and C). The number of fragmented and

deformed cell nuclei increased significantly at 8 μM (IC50 for HCT-116),
13 μM (IC50 for INT-407) and 20 μM doses of PL (Fig. 3B and D). This
indicated that piperlongumine can induce morphological changes,
chromatin condensation and nuclear fragmentation in both INT-407
and HCT-116 cells (Fig. 3). Furthermore, these results suggest that the
non-repairable nuclear damages can trigger cell death by apoptosis
implicating PL mechanisms of action by promoting apoptosis in human
intestinal cancer cells as demonstrated in other cancer cells [33,34].

3.4. Piperlongumine treatment increases intracellular ROS level

The intracellular ROS levels in control and PL-treated cells were
examined using the DCFDA fluorescent dye. The fluorescence intensity
had increased significantly when INT-407 and HCT-116 intestinal
cancer cells were treated with PL as compared to the untreated controls,
where DCFDA fluorescence was nearly negligible. At 20 μM PL, the
highest dose used in this study, the INT-407 cells produced high levels
of ROS as compared to the HCT-116 cells (Fig. 4), which may be the
reason for the higher sensitivity of HCT-116 to PL as compared to INT-
407. These results suggest that PL is able to increase the intracellular
ROS levels sufficient enough to cause lethal oxidative stress in cells and
which make cancer cells vulnerable to apoptosis.

Fig. 4. Intracellular ROS was measured by DCFDA staining after PL treatment. Representative fluorescence images of INT-407 (A) and HCT-116 (C) cells. (B) & (D)
show the quantified data of (A) & (C) respectively. The intensity of the green fluorescence indicates ROS concentration in the cells. Data represented as the
mean ± SE of three independent experiments (statistically significant differences, * P < 0.05, ** P < 0.01, *** P < 0.001).
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3.5. Piperlongumine suppresses migration of cancer cell

Wound healing assay was performed to check the effect of PL on the
migration of INT-407 and HCT-116 intestinal cancer cells. PL treatment
reduced the migration ability of both the cell lines (INT-407 and HCT-
116) even at the lowest treatment dose i.e. 1 μM. With the increasing PL
doses (8 μM for HCT-116, 13 μM for INT-407 and 20 μM) and treatment
timings, migration ability was reduced and the wound size also dras-
tically increased because of enhanced cell death (Fig. 5A and C). The
data shows that, both the PL treated intestinal cancer cell lines ex-
hibited a statistically significant reduction in migration ability (Fig. 5B
and D). While, the untreated cells displayed normal migration ability
and the wound was completely healed within 24 h.

3.6. Effect on gene expression upon Piperlongumine treatment

Real-time PCR was performed to check mRNA levels of some tumor
suppressor, pro-apoptotic and anti-apoptotic genes in PL-treated INT-
407 and HCT-116 intestinal cancer cells. The expression of pro-apop-
totic gene BAX was increased by 2.6 and 2.1 folds in INT-407 and HCT-
116 respectively. Interestingly, the expression of both the anti-apop-
totic genes BCL2 and SURVININ was decreased by 3.5 folds in PL
treated INT-407 cells, whereas in HCT-116 cells, 2.3 and 5.7 folds
down-expression was observed for BCL2 and SURVININ genes

respectively. Moreover, the expression of the tumor suppressor gene
P53 was upregulated by 2.2 and 1.4 folds in INT-407 and HCT-116 cells
respectively. The Expression of cell cycle regulator gene P21 was in-
creased 5.9 folds in INT-407 and 1.4 folds in HCT-116 after PL treat-
ment. Additionally, the SMAD4 expression was increased by 2.8 and 4.7
folds in INT-407 and HCT-116 cells after PL treatment. The mRNA
expression of genes after PL treatment was found to be statistically
significant for both the cell lines. Also, the expression of migration
marker genes in PL-treated INT-407 cells was decreased, FN1 (2.6 fold),
CDH2 (3.1 fold), CTNNB1 (4.4 fold) and TWIST (3.2 fold). Similarly, a
significant reduction in the expression of FN1 (11.5 fold), CDH2 (6
fold), CTNNB1 (11.5 fold) and TWIST (13.5 fold) genes was found in
HCT-116 cells upon PL exposure. Above results further suggest that PL
kills intestinal cancer cells by inducing apoptosis (Fig. 6).

3.7. Piperlongumine synergized with paclitaxel in intestinal cancer cells

The combination therapy of drugs can reduce the adverse effects of
chemotherapy as it reduces the drug dose. Therefore, novel combina-
tion of chemotherapeutic agents is required to conquer drug resistance
and to achieve the significant therapeutic effects. Currently, Paclitaxel
(PTX) is one of the mainstream chemotherapeutic drug for cancer
treatment. Current study proved that the combination of two drugs
(PL + PTX) at lower dose exerted a synergistic anti-cancer response

Fig. 5. Migration ability of cancer cells was determined by wound healing assay after PL treatment. Images were captured at 0, 12 and 24 h time points.
Representative brightfield micrographs of INT-407 (A) and HCT-116 (C) cells indicating migration. The histograms (B) & (D) represent quantified wound area (μm2)
of (A) & (C) respectively. Data represented as the mean ± SE of three independent experiments (statistically significant differences, *P < 0.05, ** P < 0.01, ***
P < 0.001).
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compared to PL or PTX treatment alone. INT-407 and HCT-116 cells
were exposed with 1 to 5 μM PL combined with 0.1 to 1 μM PTX fol-
lowed by MTT assay to determine cytotoxicity.

The obtained data was analyzed for synergy via bioinformatics tools
(SynergyFinder and CompuSyn). The viability of both the intestinal
cancer cell lines was declined significantly in all PL (1, 2.5 and 5μM)
and PTX (0.1, 0.5 and 1 μM) combinations. Heat maps showed the
percentage of inhibition in the different combinations. Further, Synergy
maps, dose effect curves and isobolograms were plotted, which suggest
the synergy score, effect of doses and combination index respectively
(Figs. 7 and 8, Tables 1 and 2). The CI values for all the doses found to
be less than 1 that suggested synergistic effect of PL and PTX combi-
nations. These findings confirmed that PL was able to sensitize INT-407
and HCT-116 cancer cells to Paclitaxel in the drug dose 0.1 to 1 μM.

4. Discussion

The selective killing of cancer cells by PL has been explored and
found to be ROS dependent in many cancer models [13,35]. But the
effect of PL on intestinal carcinoma is still unexplored. We have brought
forth some evidence to suggest that PL has greater potency to human
intestinal cancer cells and PL effect is disturbing ROS homeostasis in the
cancer cells. As we know that ROS are essential for several cellular
processes [5,6], the imbalance of redox homeostasis can cause non-
repairable damages to cell, that are associated with carcinogenesis,

metastasis, and therapeutic resistance [36]. The PL exposure is known
to enhance ROS production in the cancerous cells and suppresses anti-
oxidant enzymes [18], leading to the change in ROS homeostasis in
other cancers. Our results on MTT and AO/PI assays also showed the
reduced cell viability for both the cell lines (INT-407 & HCT-116) upon
PL treatment, which was concurred with the increase in the levels of
DCFDA fluorescence. This suggested that PL works in intestinal cancer
as an anticancer agent by employed nearly similar metabolic response
of ROS elevation as known in other cancers.

Several studies have shown that the upregulation of SMAD4 restrict
tumorigenesis [37,38] whereas, its inactivation promotes malignancy
and drug resistance [39]. So, in the present study the expression of
SMAD4 along with other genes such as P21, BAX, BCL2, and SURVIVIN
was checked in the PL treated cells at 24 h. p21 is one of the important
cell cycle regulators which induce senescence and considered as a
checkpoint for limiting the growth of cancer cells [40], whereas BAX,
BCL2 and SURVIVIN exhibit crucial role in apoptotic regulation
[41,42]. Reports indicate that the upregulation of SMAD4 enhances p21
expression which inhibits Bcl2 and Survivin and this inhibition will
result in apoptosis [38,43,44]. As per the reports, we also observed a
significant increase in the mRNA expression level of SMAD4, BAX, and
P21. While a decrease in the expression of BCL2 and SURVIVIN was
observed upon PL treatment at 24 h. BAX and BCL2, members of the
bcl-2 gene family are reported to act antagonistically [45]. The ex-
pression data from our study also shows a similar trend. The

Fig. 6. Relative mRNA expression of BAX, BCl2, P53, P21, SURVIVIN, SMAD4, FN1, CDH2, CTNNB1 and TWIST genes with respect to 18s rRNA after 24 h pi-
perlongumine treatment. Histograms represent normalized fold change in gene expression in INT-407 (A) and HCT-116 (B). Data represented as the mean ± SE of
three independent experiments.
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upregulation of BAX and down-regulation of BCL2 will lead to apoptosis
on PL treatment. These findings suggest that PL can also plausibly act
via the SMAD4 pathway. Also, the down-regulation of genes FN1,
CDH2, CTNNB1, and TWIST are well-known markers for the migration
and invasive properties in the cancer cells. Their down regulation after
PL treatment further demonstrates the potential roles of PL in regula-
tion of intestinal cancer cells migration as reported for other cancer
models [46–52].

The current study also indicates that PL synergizes with paclitaxel.
As paclitaxel is a first-line chemotherapeutic drug administered for
cancer treatment, the combination of paclitaxel and PL may promise
potential efficacy in the clinical trials. This report is the first to show
that PL potentiates the cytotoxicity of paclitaxel in intestinal cancer
cells. PL induced a significant increase in paclitaxel-mediated cell death
even at lower concentrations. The required dose of paclitaxel can be
reduced by PL in the clinical settings and thereby minimizing the ad-
verse side effects of paclitaxel in chemotherapy. These facts suggest
administration of paclitaxel along with PL can be very promising from
the clinical point of view.

In summary, the results presented here suggest that PL acts through

one or all of the three mechanisms in intestinal cancer cells such as (1)
By increasing ROS levels, which would lead to DNA fragmentation and
hence activating P53 which then triggers apoptosis [53], (2) by in-
hibiting the antioxidant enzymes, leading to elevation of ROS levels and
eventually cell death, and (3) by activating the SMAD4 pathway, which
would have increased chemotherapeutic response of intestinal cancer
cells by activating p21 and its downstream pathways leading to apop-
tosis. In conclusion, the study states that PL inhibits proliferation of
intestinal cancer cells (INT-407 and HCT-116) by initiating ROS pro-
duction which leads to DNA damage and interruption in cell signaling.
The results depict anti-cancer potential of PL against human intestinal
carcinoma and could be used as a potential therapeutic drug. Also,
piperlongumine in combination with paclitaxel can be a better option
for future intestinal cancer treatment.
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Fig. 7. PL synergized with PTX in INT-407 cancer cells. The data were analyzed by SynergyFinder and CompuSyn tools. (A) Dose response matrix showed inhibition
pattern. (B) HSA Synergy plot and score. (C) Dose-effect curve. (D) Normalized isobologram.
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