
 

 



 

 



 

 

 



Introduction
Black pepper, or Piper nigrum, is a medicinal plant in the Pipera-
ceae family. This plant has been recognized for its antioxidant
[1], antimicrobial [2], and gastroprotective activities [3]. Major
compounds found in P. nigrum extract are alkaloids, including
piperine, chavicine, piperidine, and piperetine, while terpenes,
steroids, lignans, flavones, and alkamides are other dominant

substances [4]. Interestingly, the extract from P. nigrum showed
an inhibitory effect in many cancer models, including breast [5],
colon [6], and cervical [7]. Among other constituents, piperine
has been widely studied and demonstrated its role as an anti-
cancer property through antiproliferative and anti-inflammation
effects [8]. However, toxicity in the reproductive system of
piperine was reported in animal models [9]. Another unsatisfac-
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ABSTRACT

Cancer is one of the major causes of death worldwide. In addi-

tion to standard regimens, tumor suppression ability has been

demonstrated in many types of natural products, including

Piper nigrum, or black pepper. In previous reports, we demon-

strated the antitumor effect of low piperine fractional Piper

nigrum extract in vitro and in vivo. However, the effects of low

piperine fractional P. nigrum extract in the aspect of antitumor

immunity has not yet been investigated. In this study, tumor-

bearing rats were fed with 100mg/kg BW or 200mg/kg BW of

low piperine fractional P. nigrum extract 3 times per week for

4 weeks. Tumor burden and hematological data were then

evaluated. Immunological data was investigated using a cyto-

kine array and flow cytometry. The results showed that both

doses of low piperine fractional P. nigrum extract significantly

suppressed tumor progression in N-nitrosomethylurea-in-

duced mammary tumor rats. There were no significant

changes observed in the total white blood cells, red blood

cells, and hemoglobin. Low piperine fractional P. nigrum ex-

tract suppressed some cytokine and chemokine levels includ-

ing CXCL7, sICAM-1, and L-selectin 0.2- to 0.6-fold. Interest-

ingly, 200mg/kg BW of low piperine fractional P. nigrum ex-

tract significantly promoted type 1 T helper cell, and sup-

pressed neutrophil, basophil, type 2 T helper cell, and regula-

tory T cell compared to the control group. In summary, these

results indicate that low piperine fractional P. nigrum extract

had a high efficacy in supporting antitumor activity at immu-

nological levels via regulating Th1/Th2/Treg cells.

Low Piperine Fractional Piper nigrum Extract Enhanced
the Antitumor Immunity via Regulating the Th1/Th2/Treg Cell
Subsets on NMU-Induced Tumorigenesis Rats
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tory effect is that piperine may increase the stability of the Asper-
gillus carcinogenic toxin aflatoxin B1 in the liver [10].

Human immune surveillance is a useful process of the body
that suppress the development of tumorigenesis. However, the
immune response is also a factor that drives cancer cells into the
escape phase, leading to the clinical appearance of cancer [11]. To
overcome cancer escape, the strategies termed cancer immuno-
therapy have been developed trying to use certain immune cells
or components to boost anticancer immune response, especially
type 1 T helper (Th1) cells or cytotoxic T lymphocytes. Interesting-
ly, the immune boosting property against cancer of some natural
compounds and derivatives from plants have been reported. For
example, curcumin, the compound extracted from Curcuma
longa, promoted the production of interferon-γ (IFN-γ) and the
polarization of Th1 cells in lung cancer patients [12]. Other natural
products, including Scutellaria ocmulgee leaf extract [13] and
green tea extract [14], also demonstrated an immunomodulation
effect on anticancer immunity.

Many reports have shown the immunoregulatory ability of
black pepper both in vitro and in vivo, especially the effect on
T cell subtype activation and cytokine expression. In the allergic
rhinitis model, mice receiving P. nigrum extract orally displayed
an improvement of allergic nasal symptoms with the increasing
level of Th1 cytokines and a decrease of Th2 and Th17 cytokines
[15]. Another allergic model found consistent results with the fact
that black pepper extract regulated the homeostasis of cytokine
production in bronchoalveolar lavage fluid and lung tissue [16].
Moreover, P. nigrum extract affected cytokine production in sple-
nocytes via the release of IFN-γ, a Th1 cytokine, and the suppres-

sion of IL-4, a Th2 cytokine [17]. This plant extract also enhanced
the cytotoxicity of natural killer cells, which indicates its antitumor
immune boosting ability [17].

Previously, low piperine fractional P. nigrum extract (PFPE) was
shown to have a stronger antitumor effect compared with the
piperine compound on breast cancer and cholangiocarcinoma cell
lines [18,19]. PFPE induced breast cancer cell death through the
induction of apoptosis in N-nitrosomethylurea (NMU)-induced
mammary tumorigenesis rats [20]. Although the anticancer
mechanism of PFPE was reported through an apoptosis-inducing
effect with low toxicity, the effect of PFPE on the antitumor im-
mune response is still unclear. In this work, we evaluated the num-
ber of Th1, Th2, and regulatory T cells (Treg) in mammary tumori-
genesis rats treated with PFPE. Moreover, the cytokine array was
used to determine the interaction of PFPE on cytokinesʼ response.

Results
The obtained PFPE was sticky and oily with a black color in appear-
ance, with a yield of 2.2% from the initial black peppercorns. Ac-
cordingly, the GC‑MS analysis revealed that more than 100 com-
pounds were alkaloids, terpenes, amides, and lignans (Table S1,
Supporting Information). The top 15 phytochemicals contributing
to antioxidant, antibacterial, antifungal, and anticancer activities
were approximately 49% (▶ Table 1). Caryophyllene (25.02%)
was the major constituent in PFPE. Carene existed as the second
major compound with 3.5%. Moreover, pellitorine, β-selinene, α-
humulene, and pipersintenamide were the third major compo-
nents, each exhibiting around 2–2.5% of the peak area. The other

▶ Table 1 Phytochemical ranking associated with antitumor, antioxidant, and anti-inflammation in PFPE.

Ranking Names Chemical formulas Peak area % Activity

1 Caryophyllene C15H24 25.02 Antioxidant, anticancer, antibacterial, and antifungal
activities [21]

2 3-Carene C10H16 3.50 Antioxidant and anticancer activities [22]

3 Pellitorine C14H25NO 2.50 Anticancer and anti-inflammation [23]

4 beta-Selinene C15H24 2.42 Antioxidant activity [24]

5 Pipersintenamide C19H23NO3 2.12 Cytotoxic effect against CCRF‑CEM, HL-60, PC-3,
and HA22T cell lines [25]

6 alpha-Humulene C15H24 2.04 Anti-inflammation [26]

7 Guineesine C24H33NO3 1.63 Anti-inflammation [27]

8 Piperlonguminine C16H19NO3 1.63 Anticancer [28]

9 beta-Elemene C15H24 1.60 Anticancer [29]

10 2(10)-Pinene C10H16 1.54 Anticancer and anti-inflammation [30]

11 beta-Bisabolene C15H24 1.48 Anticancer [31]

12 Caryophyllene oxide C15H24O 1.16 Antioxidant, anticancer, antibacterial, and antifungal
activities [21]

13 Kusunokinin C21H22O6 1.05 Anticancer [32]

14 Piperyline C16H17NO3 0.92 Anticancer [33]

15 delta-Elemene C15H24 0.78 Anticancer [34]
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anticancer-related compounds, such as piperlonguminine, 2(10)-
pinene, β-bisabolene, caryophyllene oxide, and kusunokinin, were
found to be around 1–1.6% of the peak area. Due to the crystalli-
zation step in the PFPE extraction protocol, the percentage of pi-
perine in the dichloromethane extract of P. nigrum crude extract
decreased from 49.02 to 13.22% (Table S2, Supporting Informa-
tion).

To determine the effect of PFPE on tumor progression, 100 and
200mg/kg BW of PFPE were used to treat NMU-induced mam-
mary tumor rats 3 times per week for 4 weeks. The results showed
that the size of the tumors in the PFPE-treated groups exhibited
an obvious difference from the control group starting on day 12
after the first administration (▶ Fig. 1a). The size of the tumors
of the control group progressed aggressively until 1700–
1800mm3 on day 28, while the growth of the tumors in the PFPE
groups was in a steady state, with a range of volume between 40–
100mm3 (▶ Fig. 1a). Additionally, the average tumor weight of
the PFPE groups was significantly lower than the control group,
especially at 100mg/kg BW of PFPE (▶ Fig. 1b). To confirm the ac-
tion of PFPE on the reduction of tumors in rats, in vivo imaging was
used to track the tumor area in the representative rats using In-
tegriSense 680 on days 10 and 24 after treatment (▶ Fig. 1c).
The tumors in the PFPE treatments formed apparently smaller tu-
mors than the control group. At day 24 after treatment, the aver-
age radiant efficiencies of the tumors at 100 and 200mg/kg BW
of the PFPE-treated groups were 7.49 × 108 and 8.63 × 108 [p/s/

cm2/sr]/[µW/cm2], respectively, which were lower than the con-
trol group by approximately 1.6–1.8 times (14.1 × 108 [p/s/cm2/
sr]/[µW/cm2]) (▶ Fig. 1d). Therefore, the results indicated that
PFPE significantly suppressed mammary tumor progression, while
a rapid growth of tumors in the control group was observed.

To investigate whether PFPE changed the immune background
before the NMU injection and after PFPE treatments, cytokine ar-
ray analysis was performed. The result showed that seven cyto-
kines appeared on the arrays (▶ Fig. 2a,b). Following intensity
analysis of each spot, the signals from all experimental groups
were compared to the normal group and displayed as the fold
change responding to the normal level. Most of the cytokines be-
fore NMU injection demonstrated a slight difference between
each group with about ± 0.2-fold changes on the day before
NMU, representing the same cytokine background of each group
of rats. However, at the end of the experiment, plasma from tu-
mor-bearing rats with or without PFPE feeding showed some cy-
tokine responses with different levels, around ± 0.2- to 0.6-fold
changes compared to the normal group (▶ Fig. 2c–i). Cytokine
levels before and after treatments within groups with a noticeable
pattern was observed. The regular trend of before and after treat-
ments in all groups was demonstrated in CCL5, TIMP-1, CXCL-5,
and VEGF with a small downregulation on the sacrifice day, espe-
cially in the 200mg/kg BW PFPE treatment group. Interestingly,
CXCL7 and sICAM-1 levels of PFPE groups were decreased on the
sacrifice day. Meanwhile, rats in the control group showed an in-

▶ Fig. 1 Anticancer activity of PFPE in NMU-induced mammary tumor rats. After tumor induction, rats were fed with 100 and 200mg/kg BW of
PFPE. a Tumor volumes were recorded during the treatment period. b Tumors were isolated and weighted at the end of the study. c Representa-
tive images of the in vivo animal imaging system of each group of rats using IntegriSense 680. The fluorescence signals indicated the location of the
cancer cells. d The formed tumor was quantified by measuring radiant efficiency. Data are presented as the mean ± SEM (n = 5). *P < 0.05 com-
pared with the control group using one-way ANOVA.
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creased signal, which was around 0.5-fold higher than the plasma
obtained on the day before tumor induction. Although the similar
expression level on the day before NMU and the day of sacrifice of
L-selectin was found in the control group, PFPE treatment down-
regulated this cytokine with a factor of 0.2–0.4, especially in the
200mg/kg BW PFPE treatment group (▶ Fig. 2h). These results
suggest that PFPE influenced the response of immune compo-
nents in mammary tumor-bearing rats.

In order to determine the influence of PFPE on systemic im-
mune response, leukocytes and the spleen/BW ratio were deter-
mined on the sacrifice day. The number of certain types of circu-
lating leukocytes was counted by flow cytometry. The results
showed that the inflammatory response was detected in the con-
trol group by a significant increase of the spleen/BW ratio com-
pared to the normal group. Meanwhile, treatment with 200mg/
kg BW of PFPE showed a significantly decreased spleen/BW ratio.

In addition, there was no statistically significant difference be-
tween normal and PFPE treatments (▶ Fig. 3a). Total white blood
cells slightly increased in the 200mg/kg BW PFPE treatment
group compared to normal and control groups (▶ Fig. 3b).
Interestingly, PFPE showed the capability to boost the population
of lymphocytes and significantly suppressed the number of
neutrophils and basophils compared to the control group
(▶ Fig. 3c,d, f).

For the H&E staining results of tumor tissues, we found that
the control group had a tight density of cancer cells while normal
rats had only two layers of cells arranged around the milk ducts.
PFPE treatments showed less compaction of cancer cells than the
control group. Cancer immune responses were observed in tumor
tissues of both the 100 and 200mg/kg BW PFPE treatment groups
(▶ Fig. 3g).

▶ Fig. 2 Effect of PFPE on the level of cytokines and chemokines. The plasma of rats treated with 100 and 200 mg/kg BW of PFPE was collected.
The cytokines and chemokines were determined using a Proteome Profiler Rat Cytokine Array Kit. a, b Array images showing spots of each cytokine
or chemokine before NMU injection and on the sacrifice day. The ratio of pixel densities in the experimental groups is presented as fold change
compared to the normal group at the same period of blood collection. The three duplicated spots without numbers refer to the positive reference
spot. Graphs represent (c) CCL5, (d) CXCL7, (e) TIMP-1, (f) CXCL5, (g) sICAM-1, (h) L-selectin, and (i) VEGF. The quantitative analysis of the pixel
intensity data did not provide p values to demonstrate significance levels.
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In this study, we also determine the side effects of PFPE in rats
on the 28th day after treatment. The result showed that there
were no significant differences in hematologic and clinical chem-
istry values of the PFPE-treated rats when compared with the con-
trol group, as shown in ▶ Table 2. These data indicated the regu-
latory effects of PFPE on immunohomeostasis in tumor-bearing
rats since PFPE restored the number of many leukocytes into the
normal range.

To confirm the action of PFPE on the promotion of lympho-
cytes in tumor-bearing rats, in this experiment, we determined
the changes of helper T lymphocyte subtypes, which are related
to anticancer immunity. The subpopulations of helper T lym-
phocyte, including tumor suppressing type 1 T helper cells (Th1;
CD4+IFN-γ+) and tumor-promoting type 2 T helper cells (Th2;
CD4+IL‑4+), were then investigated using flow cytometry. The
results showed that rats with tumor progression in the control
group represented a slight decrease in Th1 cells when compared
to the normal group. However, Th1 cells were significantly
increased in the 200mg/kg BW PFPE treatment group

(▶ Fig. 4a,b). However, the increasing of the Th2 population was
observed in the control group compared to the normal group,
while this cell population was reduced to a normal level like the
normal group when feeding rats with 100 and 200mg/kg BW of
PFPE (▶ Fig. 4a, c). These results indicate that PFPE was able to
significantly reduce the amount of Th2 while promoting the num-
ber of Th1 cells compared to the control group (▶ Fig. 4).

CD4+CD25+ regulatory T cells (CD4+CD25+ Treg) are a sub-
population of T lymphocytes functioning as a negative regulator
for immune responses. In this study, we found that the number
of Treg cells in rats with tumor progression in the control group
was significantly higher than the normal rats. However, PFPE
treatments at doses 100 and 200mg/kg BW statistically sup-
pressed Treg cells to a normal level, the same as the normal group
(▶ Fig. 5a,b). These data indicate that PFPE promoted antitumor
immune response by influencing the number of Treg cells.

▶ Fig. 3 Effect of PFPE on spleen, BW, circulating leukocytes, and tumor infiltrating cells in NMU-induced tumorigenesis in rats. On the sacrifice
day, rats were operated, and organs and leukocytes were collected including (a) spleen, (b) white blood cells, (c) lymphocyte, (d) neutrophils,
(e) eosinophils, and (f) basophils. (g) Tumors were collected and stained with hematoxylin and eosin (magnification × 100). The normal breast
tissue represents milk ducts and adipose tissue (arrow). The large and dense cancer cells represent the control (NMU) group. PFPE at 100 and
200mg/kg BW caused widespread inflammation and necrosis in the tumor tissue (arrow). Data are presented as the mean ± SEM (n = 5). *P < 0.05
compared with the normal or control group using one-way ANOVA.
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Discussion
P. nigrum is one spice that has exhibited pharmacological proper-
ties against many diseases, including infections, diarrhea, fever,
and inflammation [3]. Natural chemical components from P. nig-
rum have been well documented. For example, β-caryophyllene
has been demonstrated to contain anticancer and antioxidant
properties [21]. Moreover, pellitorine showed the ability to inhibit
cancer cell survival [35]. Another compound, α-humulene, also
suppressed the production of inflammatory cytokines, TNF-α,
and IL-1β in rats [26]. These all suggest the anti-inflammatory,
antioxidant, and anticancer abilities of P. Nigrum-derived com-
pounds. Previously, we reported that PFPE, a crude extract of
P. nigrum with a low amount of piperine, contains six chemical
groups, including alkaloids, terpenes, amides, lignans, opioids
and steroids. The highest percentages of peak areas with antioxi-
dant, anti-inflammation, or anticancer properties were 13.28% for
caryophyllene (terpene) and 1.28% for kusunokinin (lignan). In
this study, our work showed a similar result on the components
of PFPE with previous work (Fig. S1, Supporting Information) [19].

We also evaluated whether PFPE caused side effects. PFPE
showed no significant difference in hematologic and clinical
chemistry parameters when rats were treated with PFPE. How-
ever, we noticed a significant decrease of serum glutamic oxalo-
acetic transaminase (SGOT) and serum glutamic pyruvic transami-
nase (SGPT) values of the control and PFPE treatment groups,
which was significantly lower than normal rats. These effects

could be due to the action of NMU [36]. However, PFPE at a dose
of 200mg/kg BW tended to improve both values.

Our previous research has shown that PFPE inhibited breast
cancer cells at doses of 100 and 200mg/kg BW and increased re-
active oxygen species [5, 20]. PFPE inhibited breast cancer cells by
inhibiting cell proliferation and migration proteins, including E-
cadherin, c-myc, VEGF, MMP-9, and MMP-2 [5].

Nowadays, it is well documented that antitumor immunity is a
complex network consisting of a wide range of immune effector
cells and cytokine interaction. The result from the cytokine array
demonstrated that PFPE showed an interaction with cytokine
production, particularly the suppression of pro-tumorigenic cyto-
kine CXCL7, which has been reported to be associated with many
aspects of tumor progression [37]. Interestingly, 3-carene and
pellitorine found in PFPE have been reported to inhibit the pro-
duction of CXCL7 mediated by the suppression of the activator
IL-6, leading to tumor regression [22]. Moreover, CXCL7 plays an
important role in neutrophil attraction and activation in the in-
flammatory response [38]. This may explain our results showing
the lower number of circulating neutrophils in PFPE-treated rats
while higher levels of both neutrophils and CXCL7 were found in
the control group. In addition to CXCL7, the pro-tumorigenic cy-
tokine sICAM-1 was also affected by PFPE. sICAM-1 is a soluble
form of ICAM-1, which is found in a high concentration in several
kinds of cancers [39]. Many studies have shown the competitive
role of sICAM-1 with membrane-bound ICAM-1, which may inhib-
it immune recognition of tumor cells [40]. Interestingly, caryo-
phyllene and α-humulene can suppress sICAM-1 production [41],

▶ Table 2 Hematologic and clinical blood chemistry values of the treatment study on the induced mammary tumorigenesis rats.

Parameters Normal Control PFPE (mg/kg BW)

100 200

Hematologic values

Red blood cells (× 106/µL) 7.98 ± 0.48 6.94 ± 0.26 6.96 ± 0.51 7.07 ± 0.30

Hemoglobin (g/dL) 14.91 ± 0.61 14.25 ± 0.23 13.53 ± 0.81 14.34 ± 0.38

Hematocrit (%) 43.14 ± 2.61 39.50 ± 0.81 38.17 ± 2.44 38.00 ± 1.38

Mean corpuscular volume (fL) 55.00 ± 0.65 56.10 ± 0.60 52.83 ± 0.79 54.00 ± 0.62

Mean corpuscular hemoglobin (pg) 18.99 ± 0.16 20.72 ± 0.61 19.60 ± 0.43 20.44 ± 0.35

Mean corpuscular hemoglobin concentration (g/dL) 34.57 ± 0.53 37.01 ± 1.01 37.02 ± 0.75 37.90 ± 0.77

Platelet (× 105/µL) 5.78 ± 0.60 7.26 ± 0.45 7.46 ± 0.74 6.96 ± 0.82

Clinical blood chemistry values

BUN (mg/dL) 26.31 ± 1.45 24.33 ± 1.28 22.77 ± 2.06 24.82 ± 1.85

Creatinine (mg/dL) 0.50 ± 0.04 0.51 ± 0.03 0.54 ± 0.06 0.45 ± 0.02

Albumin (g/dL) 4.26 ± 0.20 4.13 ± 0.08 4.22 ± 0.08 4.07 ± 0.11

SGOT (U/L) 133. 86 ± 29.16 98.50 ± 10.99a 97.00 ± 8.31a 108.89 ± 12.31a

SGPT (U/L) 54.71 ± 1 8.83 39.20 ± 2.56a 38.16 ± 2.27a 40.56 ± 1.91a

Alkaline phosphatase (U/L) 84.00 ± 8.48 78.10 ± 6.90 79.67 ± 5.96 72.78 ± 7.12

Values represent the mean ± SEM of five rats. a P < 0.05 significantly difference compared with the normal group using one-way ANOVA analysis. SGOT =
serum glutamic oxaloacetic transaminase, SGPT = serum glutamic pyruvic transaminase, BUN = blood urea nitrogen
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which may explain how PFPE suppressed the level of sICAM-1 in
tumor-bearing rats. According to all of the evidence as we re-
cently described, the anti-inflammation and antioxidant proper-
ties of PFPE could be the main functional activity that helped to
promote an antitumor immune response.

In addition to the cytokine response study, we examined the
impact of PFPE on systemic immune responses, including the
spleen/BW ratio, circulating blood neutrophils, basophils, eosino-
phils, and number of helper T lymphocyte subtypes (Th1, Th2,
and Treg). Interestingly, rats receiving NMU alone seem to show
systemic inflammation since a higher spleen/BW ratio and neutro-
phils were observed compared to other groups. In fact, neutrophil
activation has commonly been reported to be associated with sys-
temic inflammation and tumor promotion induced by neutrophil
extracellular traps occurring in the tumor microenvironment [42].
This is in accordance with our H&E staining of tumor tissue show-
ing the infiltration of the immune cells around the tumor tissue.
Although this infiltration also occurred in the PFPE groups, the
spleen/BW ratio and circulating neutrophils were decreased in
PFPE feeding rats, indicating a weaker inflammatory response.
This anti-inflammation effect of PFPE could be due to the suppres-
sion of the neutrophil activator CXCL-7, as shown in the cytokine
array analysis.

In addition, we also evaluated the specific types of T cells; Th1
cells, which have been reported for their antitumor activity, and
Th2 cells, tumor-promoting T cells. Our flow cytometry showed
that feeding tumor-bearing rats with 200mg/kg BW of PFPE sig-
nificantly increased the number of Th1 cells compared to other
groups of rats. Moreover, this dose of PFPE suppressed the pro-
portion of Th2 cells into the normal range. Importantly, this sug-
gested that 200mg/kg BW of PFPE was optimal for induction of
antitumor immunity since the Th1 promotion and Th2 suppres-
sion activity of PFPE were demonstrated at this dose, which has
not been reported before. Moreover, although without directed
study, caryophyllene, a major component of PFPE, seems to influ-
ence the Th1/Th2 balance by activating IFN-γ production, which is
a Th1-promoting cytokine [43]. Treg, one of the targets for cancer
immunotherapy, contains immune suppressing activity that in-
hibits anticancer immunity [44]. Many immune checkpoint inhib-
itors and other strategies have been developed to suppress this
type of immune cell [44]. Importantly, PFPE also significantly de-
creased the number of Treg cells, immune suppressing cells, com-
pared to the control group, therefore, this result emphasized the
immune boosting activity of PFPE. Taken together, we concluded
that, in addition to the directed killing activity to cancer cells, PFPE
promoted the antitumor immune response via regulating the
Th1/Th2 balance and Treg suppression. Therefore, further studies

▶ Fig. 4 Flow cytometry analysis of circulating Th1 and Th2 in NMU-induced mammary tumor rats treated with 100 and 200mg/kg BW of PFPE.
a The representative dot plot of Th1 (CD4+IFN-γ+) and Th2 (CD4+IL‑4+) proportions of each group of rats are demonstrated. b The number of Th1
cells per 5000 CD4+ cells. c The number of Th2 cells per 5000 CD4+ cells. Data are presented as the mean ± SEM (n = 5). *P < 0.05 compared with
the normal or control group using one-way ANOVA.
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should investigate the effect of PFPE on other immune cells re-
lated to the tumor microenvironment, such as myeloid-derived
suppressor cells, N1/N2 neutrophils, M1/M2 macrophages, or
cancer-associated fibroblast cells.

In conclusion, our findings demonstrated the anticancer im-
munity of PFPE in the suppression of breast tumor growth in rats.
This crude extract contained many antioxidant, anti-inflamma-
tion, and anticancer compounds. PFPE obviously decreased tumor
volume without side effects on blood biochemical parameters of
treated rats. According to flow cytometry and cytokine array re-
sults, the optimal dose of PFPE was 200mg/kg BW, which was
the most effective concentration that promoted Th1, suppressed
Th2 and Treg, and inhibited the expression of CXCL7. PFPE also
displayed anti-inflammatory properties, especially the inhibition
of neutrophils and basophils and the reduction of cytokines and
chemokines related to immune recognition inhibition. Taken to-
gether, these data indicate that PFPE can be used as a promising
crude extract for immunostimulants for breast cancer treatment.

Methods

Plant materials and crude extract

Dried fruits of black peppercorn were collected from Nakhon Si
Thammarat province with less than 13% moisture content. PFPE

extract was prepared by modifying Reshmiʼs method as previously
described [20]. Quantitative analysis of the composition of PFPE
was carried out using GC‑MS according to a method described
previously [18].

Animal model and assessment of treatment effect

Female Sprague-Dawley rats (150–180 g BW), 45 days of age,
were obtained from Nomura Siam International Co., Ltd. and
maintained in the Southern Laboratory Animal Facility, Faculty of
Science, Prince of Songkla University. All animal procedures were
conducted under the guidelines approved by the Animal Care and
Use Committee of Prince of Songkla University (animal experi-
mentation application Ref. 44/2019; date of approval: June 19,
2019). The housing conditions were followed: a temperature of
22 ± 3 °C with a relative humidity of 30 ± 10%, free access to clean
food and water, and a 12-h light-dark cycle.

Rats were randomly separated into 4 groups of 10 animals
each. Group 1 (normal control) received no treatment and no
NMU. Groups 2 to 4 were injected intraperitoneally with 250mg/
kg BW of NMU to induce breast cancer at 50 and 80 days of age.
After 7 days of the last NMU injection, rats were fed with 100 µg/
kg BW of estradiol for 10 days. The experimental treatment was
begun after a tumor diameter reached 0.2–0.5 cm, and the day
the treatment started was defined as day 0. Group 2 (tumor con-
trol) was fed with medium chain triglycerides and 2% vitamin E.

▶ Fig. 5 Flow cytometry analysis of circulating Treg in NMU-induced mammary tumor rats treated with 100 and 200mg/kg BW of PFPE.
a The representative dot plot of Treg (CD4+CD25+) proportions of each group of rats are demonstrated. b The number of Treg cells per
10000 mononuclear cells. Data are presented as the mean ± SEM (n = 5). *P < 0.05 compared with the normal or control group using one-way
ANOVA.
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Groups 3 and 4 were fed with PFPE at 100 and 200mg/kg BW, re-
spectively, 3 times per week for 4 weeks. Tumor volumes were
measured by caliper 3 times a week, and tumor volume was calcu-
lated by using the equation V = 0.4 ab2, where “a” and “b” repre-
sent the largest tumor diameter and the next largest tumor
diameter, respectively. After 4 weeks of treatment, the rats were
sacrificed, and the blood was collected for flow cytometry and
hematologic and biochemical analysis. Tumors were isolated for
weight and size analysis.

In vivo imaging

On days 10 and 24 after the first treatment, a representative rat
from each group was anesthetized and intravenously injected
with 12 nmol/600 µL of IntegriSense 680 (Perkin Elmer). Twenty-
four hours after injection, the tumor was measured using an IVIS
Lumina III system (Perkin Elmer) and regions of interest were de-
signed around each mammary tumor. Data are expressed as aver-
age radiant efficiency by Living Image software (supplied with an
IVIS Lumina III system).

Histopathologic study

The mammary tumor tissues were isolated and fixed in 10% buf-
fered formalin solution. Then, tumor tissues were embedded in
paraffin using a conventional automated system and stained with
H&E for histopathologic examination. The paraffin sections of
each tissue image were captured by light microscopy [20].

Mononuclear cells isolation

Rats were deeply anesthetized by injecting 200mg/kg BW of pen-
tobarbital (Sigma-Aldrich) intraperitoneally, and blood samples
were extracted by cardiac puncture. The blood was mixed with se-
rum-free RPMI-1640 medium (Gibco) at a 1 :1 ratio and then
overlaid on Lymphoprep (Stemcell Technologies) gradient me-
dium (1.077 g/mL density) in a 15-mL centrifuge tube. The filled
Lymphoprep tube was then centrifuged for 30min at 800 g with
the lowest descending and ascending rates. The peripheral blood
mononuclear cells were collected from the interphase between
the plasma and Lymphoprep layers.

Flow cytometry

The isolated mononuclear cells were counted by a hemacytome-
ter and incubated with a cell activation cocktail (BD Biosciences)
containing complete RPMI medium at 2 × 106 cells/mL for 4 h at
37 °C in a CO2 incubator. Cells were then washed and stained with
FITC mouse anti-rat CD4 and/or PE mouse anti-rat CD25 antibod-
ies (BD Biosciences). After incubation on ice for 30min in a dark
environment, cell surface-stained mononuclear cells were then
fixed with a fixation buffer (BD Biosciences) and washed 2 times
with permeabilization wash buffer (BD Biosciences). In the stain-
ing step, cells were incubated with antibodies against intracellular
cytokines (Alex 647 mouse anti-rat IFN-γ and PE mouse anti-rat IL-
4 antibodies) at 4 °C for 30min in complete darkness. The stained
cells were then washed and resuspended in cell staining buffer be-
fore flow cytometry analysis using the Beckman CytoFLEX S plat-
form (Beckman Coulter), and data were analyzed using Kaluza
analysis flow cytometry software (Beckman Coulter)

Cytokine array assay

A rat cytokine antibody array was conducted using a Proteome
Profiler Rat Cytokine Array Kit, Panel A (R&D Systems). The kit
consisted of an antibody spotted membrane that detects 29 dif-
ferent cytokines/chemokines in one experiment. The protocol
was conducted according to the manufacturerʼs instructions. The
detection was performed by exposure to a peroxidase substrate,
and the signal was captured by using Alliance Q9 (Uvitec). Cyto-
kine array TIF images were then used to analyze the intensity
score using UVITEC Alliance software (Uvitec) from both signals.
The data were expressed as the relative fold change compared
with the normal group.

Statistical analysis

Animal data were analyzed by one-way ANOVA. All data are pre-
sented as mean ± SEM. Multiple conditions were compared using
a parametric one-way ANOVA using SPSS, version 24.0 (The Inter-
national Business Machines Corporation). A p value of < 0.05 was
statistically significant.

Supporting information

Contents of compound and chromatogram pattern of PFPE ana-
lyzed by GM-MS are available as Supporting Information.
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ABSTRACT
Background: Black pepper  (Piper nigrum L.) is widely used as a 
traditional medicine, including usage for pain relief, fevers, as well 
as an anticancer agent. Previously, we reported that piperine‑free 
P. nigrum extract  (PFPE) inhibited breast cancer in  vitro and in  vivo. 
Objective: In this present study, we explored the anticancer effects of PFPE 
on cholangiocarcinoma  (CCA). Materials and Methods: 3‑(4,5‑dimethyl 
thiazol‑2‑yl)‑2,5‑diphenyltetrazolium bromide assay was performed to 
analyze cytotoxic potential of PFPE whereas deoxyribonucleic acid (DNA) 
fragmentation followed by Western blot analysis were used. Results: PFPE 
composed of alkaloid, flavonoid, amide, lignans, opioid, and steroid. This 
crude extract represented cytotoxic effect against CCA cells which stronger 
than dichloromethane P. nigrum crude extract and piperine, especially 
on KKU‑M213 (median inhibition concentration  [IC50] at 13.70 µg/ml) and 
TFK‑1 (IC50 at 15.30 µg/ml). Interestingly, PFPE showed lower cytotoxicity 
against normal human cholangiocyte MMNK‑1  cells  (IC50 at 19.65  µg/
ml) than KKU‑M213 and TFK‑1 cells. Then, the molecular mechanisms of 
PFPE were firstly evaluated by DNA fragmentation followed by Western 
blot analysis. The degradation of DNA was observed on KKU‑M213 and 
TFK‑1 cells after treatment with PFPE at day 2. Then, proliferation proteins 
including topoisomerase II, AKT8 virus oncogene cellular homolog, 
avian myelocytomatosis virus oncogene cellular homolog, cyclin D1, 
signal transducer and activator of transcription 3, cyclooxygenase‑2, and 
nuclear factor kappa‑light‑chain‑enhancer of activated B cells (NF‑kB) were 
decreased and p21 was increased. Furthermore, apoptotic proteins, such 
as tumor protein p53, Bcl-2‑associated X protein, and p53 upregulated 
modulator of apoptosis were upregulated. Meanwhile, antiapoptotic 
protein B‑cell lymphoma 2 was down‑regulated. Conclusion: These results 
indicated that PFPE inhibited CCA through the down‑regulation of cell 
proliferation and induction of apoptosis pathway.
Key words: Anticancer, apoptosis, cell proliferation, cholangiocarcinoma, 
Piper nigrum

SUMMARY
•  piperine free Piper nigrum extract (PFPE) inhibited cholangiocarcinoma (CCA) 

cell lines
•  PFPE induces CCA cells to undergo apoptosis and cell cycle arrest via the 

inhibition of topoisomerase II
•  PFPE inhibit cell growth through the inhibition of nuclear factor 

kappa‑light‑chain‑enhancer of activated B cells.

Abbreviations used: PFPE: Piperine free Piper nigrum extract; CCA: 
Cholangiocarcinoma; DPCE: dichloromethane P. nigrum crude extract; 
NMU: N‑nitrosomethylurea; ER: Estrogen receptor; MMP‑9: Matrix 
metalloproteinase‑9; MMP‑2: Matrix metalloproteinase‑2; VEGF: 
Vascular endothelial growth factor; GC‑MS: Gas chromatograph‑mass 
spectrometer; MTT: 3‑(4,5‑dimethyl thiazol‑2‑yl)‑2,5‑diphenyltetrazolium 
bromide; DMSO: Dimethylsulfoxide; IC50: Median inhibition concentration; 
MCLE: Methanol crude extract of Curcuma longa; DNA: Deoxyribonucleic 
acid; STAT‑3: Signal transducer and activator of transcription 3; COX‑2: 
Cyclooxygenase‑2; NF‑kB: Nuclear factor kappa‑light‑chain‑enhancer of 
activated B cells; c‑Myc: Avian myelocytomatosis virus oncogene cellular 
homolog; Akt: AKT8 virus oncogene cellular homolog; Bcl‑2: B‑cell 
lymphoma 2; p53: Tumor protein p53; Bax: Bcl-
2‑associated X protein; PUMA: p53 upregulated 
modulator of apoptosis.
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INTRODUCTION
Cholangiocarcinoma  (CCA) is an epithelial cancer originating from 
the bile ducts with features of cholangiocyte differentiation.[1] There 
are 2 types of CCA  (based on its location) including intrahepatic 
and extrahepatic.[2] For over the past four decades, incidence of 
CCA has been increased in United States of America,[3] Australia, 
England,[4] and Northeastern Thailand.[5] There are several risk 
factors for CCA, including primary sclerosing cholangitis, liver fluke 
infections (Clonorchis sinensis and Opisthorchis viverrini), choledochal 
cysts, Caroli’s disease, hepatitis B and C infection, obesity, cirrhosis 
and hepatolithiasis.[5,6] The therapeutic for CCA are limited and no 

current effective treatment because the majority of patients present with 
advanced stage disease.[7] Even treatments with advances in surgical 
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techniques, chemotherapy and radiotherapy, the 5‑year survival rate 
of patients after diagnosis still remain about 10%.[8] Although surgical 
resection has improved in the survival of most patients, the recurrent 
disease was found within 2 years after tumor resection.[9] Chemotherapy 
and radiation therapy are ineffective and show various side effects such 
as harmful to normal cells and bone marrow suppression.[10] Therefore, 
effective therapeutic and alternative treatments with no serious side 
effect for CCA are urgently needed.
P. nigrum L. belongs to family Piperaceae and can be used as 
antiapoptotic, antibacterial, anticolon toxin, antidepressant, antifungal, 
antidiarrhoeal, antiinflammatory, antimutagenic, antimetastatic, 
antioxidative, antipyretic, antispasmodic, antispermatogenic, antitumor, 
antithyroid, ciprofloxacin potentiator, cold extremities, gastric ailments, 
hepatoprotective, insecticidal, intermittent fever, and larvicidal 
activities.[11] The chemical constituents of P. nigrum are aromatic essential 
oils, alkaloids, amides, prophenylphenols, lignans, terpenes, flavones, 
and steroids.[12] Ethanolic crude extract of P. nigrum consists of high 
total phenol content shows antioxidant and anti‑inflammation as well 
as cytotoxic property against colorectal carcinoma cell lines.[13] Using 
ethanol and high pressure  (200 bar), P. nigrum crude extracts exhibits 
cytotoxicity against MCF‑7 with median inhibition concentration (IC50) 
of 14.40 ± 3.30 μg/ml and represents tumor inhibitory effect in mammary 
adenocarcinoma mouse.[14] Previously, we reported that piperine‑free 
P. nigrum extract  (PFPE) strongly inhibited breast cancer MCF‑7 cells 
with IC50 value of 7.45 µg/ml. Moreover, PFPE inhibited tumor growth 
in N‑nitrosomethylurea‑induced mammary tumorigenesis rats without 
liver and kidney toxicity.[15] Interestingly, PFPE upregulated tumor 
protein p53  (p53) and downregulated estrogen receptor, E‑cadherin, 
matrix metalloproteinase‑9 (MMP‑9), MMP‑2, avian myelocytomatosis 
virus oncogene cellular homolog  (c‑Myc) and vascular endothelial 
growth factor (VEGF) in vitro and in vivo.[16] In this present research, we 
further explored the phytochemical component, investigated cytotoxicity 
and molecular mechanisms of PFPE on CCA cell lines.

MATERIALS AND METHODS
Preparation of piperine free Piper nigrum extract
Seeds of P. nigrum L. were collected from Songkhla province in Thailand. 
The plant specimen  (voucher specimen number SKP 146161401) was 
identified by Asst. Prof. Dr.  Supreeya Yuenyongsawad and deposited 
in the herbarium at the Southern Centre of Thai Traditional Medicine, 
Department of Pharmacognosy and Pharmaceutical Botany, Prince 
of Songkla University, Thailand. PFPE was prepared as previously 
described. Briefly, grounded 250 g of dried seeds of P. nigrum L. were 
soaked in 300 mL of dichloromethane and incubated at 35°C for 3 h in 
a shaking incubator. After filtration with Whatman filter paper No. 1 
and concentration using rotary evaporator, the dark brown oil residue of 
extracts was obtained and then recrystallized with cold diethyl ether in 
an ice bath to get rich of yellow crystals (piperine) and obtain brown oil 
residue (PFPE).[15] PFPE was kept in a desiccator until used.

Phytochemical analysis and identification of 
bioactive constituents by gas chromatograph‑mass 
spectrometer
The analysis of the phytochemical screening and composition of 
PFPE extracts were carried out using a Gas Chromatography‑Agilent 
7890B combination with an Agilent 5977A triple quadrupole mass 
spectrometer (Agilent Technologies Inc, USA). Gas chromatograph‑mass 
spectrometer (GC‑MS) analysis is a common confirmation test, which 
used to make an effective chemical analysis. The PFPE samples were 
evaluated phytochemicals such as a flavonoids, tannins, alkaloids, 

steroids, phenols, glycosides, lignans, and terpenoids. An inlet 
temperature of 280°C with the split ratio 7:1 was employed and the 
helium was used as the carried gas at the constant flow rate of 7 ml/min. 
The oven temperature was initially maintained at 60°C for 5  min and 
increase at a rate of 5°C/min to 315°C for 15 min. For MS detection, an 
electron ionization mode was used with an ionization energy of 70 eV, 
ion source temperature of 230°C, and scan mass range m/z 35–500. 
The components were identified based on a correlation of the recorded 
fragmentation patterns of mass spectra that provided in the GC‑MS 
system software version Wiley10 and NIST14. All procedures were 
performed at Scientific Equipment Center, Prince of Songkla University, 
Songkhla, Thailand.

Measuring total phenolic, tannin, flavonoid content 
and radical scavenging activity
The total phenolic content was determined based on Folin–ciocalteu 
method. Gallic acid was used as the standard and total phenolics were 
expressed as mg gallic acid equivalent/mg extract (mg GAE/mg extract). 
Total condensed tannin was measured based on HCL‑vanillin method 
and catechin was used as the standard. The total tannin was reported 
as mg catechin equivalent/mg extract  (mg CE/mg extract). The total 
flavonoid content was determined by aluminum chloride solution (AlCl3) 
colorimetric method. Quercetin was employed as the standard and 
expressed the total flavonoids as mg quercetin equivalent/mg extract (mg 
QE/mg extract). 2,2-diphenyl-1-picryl-hydrazyl-hydrate (DPPH) 
radical scavenging activity was performed according to the DPPH 
trolox assay and reported as mg trolox equivalent antioxidant capacity/
mg extract  (mg TEAC/mg extract). All procedures were performed at 
Center of Excellence in Natural Products Innovation, Mae Fah Luang 
University, Chiang Rai, Thailand.

Cell lines and culture conditions
Three CCA  (KKU‑100, KKU‑M213 and KKU‑M055) and one 
cholangiocyte  (MMNK‑1) cells were kindly donated by Dr.  Mutita 
Junking (Faculty of Medicine, Mahidol University, Bangkok, Thailand). 
TFK‑1  cells were obtained from RIKEN BioResource Center and 
HuCC‑T1 cells were obtained from the Japanese Collection of Research 
Bioresources Cell Bank. Mouse fibroblast, L‑929  cells, were kindly 
donated by Associate Professor Dr. Jasadee Kaewsichan (Department of 
Pharmaceutical Chemistry, Faculty of Pharmaceutical Sciences, Prince 
of Songkla University, Songkhla, Thailand).
KKU‑100, KKU‑M213, KKU‑M055, MMNK‑1 and L‑929  cells were 
grown in DMEM medium  (Invitrogen), which contained 10% of fetal 
bovine serum (Invitrogen), 2 mmol/L of L‑glutamine (Invitrogen), and 
an antibiotic mixture of 100 units/mL of penicillin and 100 μg/mL of 
streptomycin  (Invitrogen). TFK‑1 and HuCC‑T1  cells were grown 
in RPMI 1640  (Invitrogen) supplemented with the same supplement 
as for DMEM. All cells were maintained by incubating in a 5% CO2 
atmosphere, at 37°C and 96% relative humidity.

In vitro cytotoxicity
The cytotoxicity assay was performed in 96‑well plate. KKU‑100, 
KKU‑M055, and MMNK‑1  cells were seeded at a density of 
5  ×  103  cells/well. KKU‑M213, TFK‑1, and HuCC‑T1  cells were 
seeded at a density of 7.5 × 103 cells/well and L‑929 cells were seeded 
at a density of 8  ×  103  cells/well. After incubation for 24  h, cells were 
treated with PFPE at various concentration for 48  h. The cells were 
then washed with 1X PBS and incubated in 100 µl of 0.5  mg/ml of 
3‑(4,5‑dimethylthiazol‑2‑yl)‑2,5‑diphenyltetrazolium bromide  (MTT) 
solution at 37°C for 30 min. Under light protection, the purple crystals 
of formazan or MTT metabolites were dissolved with 100 µl of dimethyl 
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sulfoxide and incubate at 37°C for 30 min. The absorbance was measured 
at 570 and 650 nm using a microplate reader spectrophotometer (Spectra 
Max M5, Molecular Devices), and the IC50 values were calculated.[17] 
According to US NCI plant screening program, a crude extract is generally 
considered to have in vitro cytotoxic activity with IC50 value ≤20 µg/ml.[18]

Deoxyribonucleic acid fragmentation analysis
KKU‑M213 and TFK‑1  cells in their exponential growth phase were 
seeded into 6  cm culture plate at a density of 2.5  ×  105  cells/plate for 
24 h and then treated with PFPE at 3 folds of IC50 values. After treatment 
for 96 h, cells were harvested by trypsinization. Cell pellets were lysed 
using the extraction buffer  (containing 0.7 M NaCl, 17 mM SDS, 
10 mM Tris‑HCl (pH 8.0) and 2 mM EDTA (pH 8.0)) and fragmented 
deoxyribonucleic acid (DNA) in the supernatant was extracted once with 
an equal volume of phenol: chloroform: isoamyl alcohol  (25:24:1) and 
once with chloroform: isoamyl alcohol (24:1). The DNA was precipitated 
with a two‑thirds volume of cold isopropanol followed by centrifugation 
at 8,000 ×g and washed once in 70% ethanol. Finally, DNA pellet was 
resuspended in deionized water and analyzed by 1.5% agarose gel 
electrophoresis.[19]

Western blot analysis
KKU‑M213 and TFK‑1  cells were seeded into 6  cm culture plate at a 
density of 2.5 × 105 cells/plate for 24 h and then treated with PFPE at IC50 
values. After treatment, cells were harvested every day for 4 days. Then, 
cell pellets were lysed using the RIPA buffer (containing 150 mM NaCl, 
50 mM Tris, pH 7.4, 1% (v/v) NP‑40, 0.25% (w/v) sodium deoxycholate 
and 1 mM EDTA). Total protein samples (150 mg) were loaded on 12% of 
SDS‑polyacrylamide gel electrophoresis and transferred onto a 0.45 mm 
nitrocellulose membrane (Bio‑Rad, 162‑0115). Membrane was blocked 
at room temperature for 1 h with 5% non-fat milk in 1X TBS‑T and then 
washed with 1% non-fat milk in 1X TBS‑T. Membrane was incubated 
with primary antibodies against topoisomerase II, Bcl-2-associated X 
protein (Bax), B‑cell lymphoma 2 (Bcl‑2), p53 upregulated modulator of 
apoptosis (PUMA), p21, AKT8 virus oncogene cellular homolog (Akt), 
cyclooxygenase‑2 (COX‑2), Nuclear factor kappa‑light‑chain‑enhancer 
of activated B cells  (NF‑kB), signal transducer and activator of 
transcription 3  (STAT‑3), cyclin D1 and p53 proteins. The membrane 
was then incubated with secondary horseradish peroxidase‑conjugated 
antibodies. Bound antibodies were developed by a chemiluminescence 
detection kit using the SuperSignalTM West Dura Extended Duration 
Substrate  (Thermo Scientific) and detected using a Fusion FX vilber 
lourmat, CCD camera  (Fisher Biotechnology). GAPDH was used to 
normalize protein loading. Protein levels were expressed as a relative 
ratio to GPADH.

Statistical analysis
The median inhibition concentration  (IC50) data was acquired 
by SoftMax  1 Pro 5 program  (MDS Analytical Technologies Inc., 
California, USA). Student’s t‑test was used to analyze intergroup 
differences. A P < 0.05 was considered to be statistically significant. All 
results were represented as the mean  ±  standard deviation  (SD). The 
values were obtained from at least three independent experiments.

RESULTS
Total phenolic, tannin, and flavonoid contents
Phenolics, flavonoids, and tannins are one class of secondary plant 
metabolites which represented anticancer activity of plant. As present 
in Table  1, PFPE contained phenolic, tannin and flavonoid lower 
than methanol crude extract of Curcuma longa  (MCLE). However, 
the cytotoxicity of PFPE against breast cancer MCF‑7 cells  (IC50 value 

at 7.45 ± 0.6 µg/ml) not significantly lower than MCLE  (IC50 value at 
5.74 ± 1.48 µg/ml). Therefore, we performed GC‑MS in next experiment 
to identify the chemical compounds in PFPE.

Phytochemical screening
In this study, the phytochemical analysis using GC‑MS was carried out. The 
chromatogram and predicted constituents are shown in Figure 1 and Table 2.
Results showed that PFPE contained five chemical groups including 
alkaloids, terpenes, amides, lignans, opioid and steroid with 17, 13, 7, 
3, 1, and 1 compounds, respectively. The highest percentage of peak 
area of each group were pipercitine  (21.66%, alkaloid), caryophyllene 
(13.28%, terpene), acrivastine  (2.34%, amide), kusunokinin  (1.28%, 
lignan), methyldihydromorphine  (1.18%, opioid), and 
beta‑stigmasterol (1.74%, steroid) which showed the anticancer activity.

Effect of piperine free Piper nigrum extract on the 
viability of cholangiocarcinoma, cholangiocyte and 
normal fibroblast cell lines
The cell viability of CCA and normal cell lines was measured using the MTT 
assay. All cell lines were incubated with extracts for 48 h. The IC50 values 
represented the mean ± SD of three different experiments. Among these cell 
lines, PFPE showed the highest cytotoxicity against KKU‑M213 cells with 
IC50 value of 13.70 ± 1.14 μg/ml. Moreover, PFPE demonstrated cytotoxic 
effect stronger than dichloromethane P. nigrum crude extract (DPCE) (IC50 
at 22.22 ± 0.26 μg/ml) and piperine (IC50 at 27.01 ± 0.36 μg/ml). The positive 
reference drug  (doxorubicin) showed a very strong cytotoxic activity on 
normal and almost cancer cells. Surprisingly, doxorubicin showed same 
cytotoxic activity with PFPE against TFK‑1 cells [Table 3].

Piperine free Piper nigrum extract induces 
deoxyribonucleic acid fragmentation on KKU‑M213 
and TFK‑1 cells
A DNA fragmentation assay was used to determine whether the action of 
PFPE was associated with apoptosis or not. Apoptosis can be visualized 
as a ladder pattern of 180‑200 base pairs due to DNA cleavage by the 
activation of a nuclear endonuclease enzyme. Since, PFPE demonstrated 
a strong cytotoxic effective on KKU‑M213 and TFK‑1 cells, both cell lines 
were used to determined DNA fragmentation. As shown in Figure 2, the 
DNA ladder pattern was observed at day 2 after exposure with 3 folds of 
IC50 concentration of PFPE.

Piperine free Piper nigrum extract inhibited proteins 
associated with inflammation that induces bile duct 
cancer
In this experiment, we determined proteins associated with inflammation 
that induced bile duct cancer including STAT‑3, COX‑2 and NF‑kB using 
Western blot analysis. KKU‑M213 cells were treated with 13.69 µg/ml of 

Table 1: Total phenolic, tannin and flavonoid contents in piperine free Piper 
nigrum crude extract

Crude Phenolics (mg 
GAE/g extract)a

Flavonoids (mg 
QE/mg extract)b

Tannins (mg 
CE/mg extract)c

PFPE 402.46±7.49 40.69±5.99 201.82±17.78
MCLE 2090.63±15.81 148.94±33.64 2373.75±92.77

aMg of gallic acid equivalence by mg of extract; bMg of quercetin equivalence 
by mg of extract; cMg of catechin equivalence by mg of extract; P. nigrum: Piper 
nigrum; PFPE: Piperine free P. nigrum extract; C. longa: Curcuma longa; MCLE: 
Metanolic C. longa extract; GAE: Gallic acid equivalent; QE: Quercetin equivalent; 
CE: Catechin equivalent
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PFPE and incubated for 96 h. The results showed that the STAT‑3, COX‑2 
and NF‑kB protein levels were reduced in a time dependent manner 
and significantly decreased at 48‑96 h [Figure 3a and c]. Furthermore, 
TFK‑1 cells were treated with 15.29 µg/ml of PFPE and incubated for 
96  h cells. The STAT‑3 and COX‑2 protein levels were significantly 
reduced at 72‑96 h in a time‑dependent manner. The NF‑kB protein was 
decreased significantly at 24 and 72 h [Figure 3b and d].

Piperine free Piper nigrum extract inhibited proteins 
involved in the cell proliferation and growth
Proteins related to cell proliferation and growth of bile duct cancer 
cells, including topoisomerase II, Akt, c‑Myc, cyclin D1, and p21 were 
examined after treatment with PFPE using IC50 concentration of each 
cells. The result showed that topoisomerase II was significantly decreased 
at 24 h and p21 was increased at 96 h in KKU‑M213 cells [Figure 4a and c]. 
Meanwhile, PFPE treated TFK‑1 cells showed a significant decreased in 
topoisomerase II at 72 h and p21 was increased at 24 h [Figure 4b and d]. 
Then, Akt protein was decreased at 48 and 72  h in KKU‑M213 and 
TFK‑1  cells, respectively. Moreover, c‑Myc and cyclin D1, a protein 
that worked after those proteins, were found significantly decreased at 
48‑96 h in both cell lines [Figure 4].

Piperine free Piper nigrum extract inhibited proteins 
associated with apoptosis
In this study, proteins associated with apoptosis pathway including 
antiapoptosis  (Bcl‑2) and apoptosis  (p53, bax, and PUMA) were 

evaluated. After giving PFPE at IC50 concentration for 48 h, death cells 
were observed and Bcl‑2 was decreased in both cells, KKU‑M213 and 
TFK‑1 [Figure 5]. In addition, the levels of p53 and Bax proteins were 
significantly increased at 96 h and PUMA protein was increased from 
24 to 48 h in KKU‑M213 cells [Figure 5a and c]. Moreover, p53, Bax and 
PUMA were increased significantly at 24 h TFK‑1 cells [Figure 5b and d].

DISCUSSION
The incidence of bile duct cancer or CCA has increased in Thailand 
and chemotherapy is not sufficient to treat the aggressive type of this 
cancer.[5] Therefore, medicinal plants could be an alternative treatment 
for bile duct cancer. There are many medicinal plants that cause cell cycle 
arrest and apoptosis in CCA such as Tripterygium wilfordii, Atractylodes 
lancea  (Thunb) DC., Zingiber officinale Roscoe, Phyllanthus emblica, 
Terminalia chebula Retz., Moringa oleifera, and Curcuma longa Linn.[20,21] 
Piper species is one of medicinal plant that also shows anticancer effect, 
such as Piper sarmentosum,[22] Piper longum,[23] Piper chaba[24] and 
P. nigrum.[17] In previous study, we reported that PFPE showed anticancer 
activity against breast cancer in in vitro and in vivo.[15,16] Here, we further 
explored the biological activity of PFPE on bile duct cancer and found 
that PFPE exhibited anticancer activity against CCA cell lines, especially 
TFK‑1 and KKU‑M213, a moderate differentiation with p53 mutation 
and well differentiation CCA cells, respectively. Using GC‑MS technique, 
many active phytochemicals were founded in PFPE including alkaloids, 
terpenes, amides, lignans, opioid and steroids. Pipercitine, guineensine, 
and pipersintenamide, (an alkaloid compounds) represented percentage 
of peak area at 21.66, 10.17, and 5.65%, respectively. Pipercitine shows 
toxicity against larvae of Aedes aegypti,[25] and guineensine has an 
anticancer property against the mouse lymphoma cell line L5178Y 
with IC50 values of 17.0 µM.[26] Pipersintenamide, isolated from Piper 
sintenense Hatus, shows anticancer activity against leukamia P‑388 and 
promyelocytic leukemia HL‑60 cell lines with IC50 values of 3.78 and 
3.80 µg/ml.[27,28] Moreover, caryophyllene  (13.28% in PFPE), a bicyclic 
natural sesquiterpene, exhibits antiproliferative effects against colorectal 
cancer cells (IC50 19 µM) though clonogenicity, migration, invasion and 
spheroid formation.[29] A beta‑stigmasterol  (1.74% in PFPE), a steroid 
compound, demonstrates inhibitory effects with IC50 values of 11.14 and 
18.28 µM against human myeloid leukemia K562 and prostate cancer 
PC3 cell lines, respectively.[30] In this recent study, we found a very 
potent compounds in the PFPE including piperlonguminine  (4.77%), 
kusunokinin (1.28%), and cubebin (0.28%), which have been reported 
as anticancer agents.(‑)‑Kusunokinin and piperlonguminine, a 
natural lignan and alkaloid compounds, inhibited breast cancer 
cells (MCF‑7 and MDA‑MB‑468) and colorectal cells (SW‑620) through 
down‑regulation of topoisomerase II and up‑regulation of of p53, p21 
protein levels.[31] (‑)‑Cubebin, a lignan compound, represents anticancer 
effect against myeloid leukemia, lung and nasopharyngeal cancer.[32] 
Interestingly, we found that PFPE showed stronger cytotoxicity against 
CCA cells than DPCE and piperine  [Table  3]. However, piperine, the 
major alkaloid compound in P. nigrum, still remained in the PFPE 

Figure 1: Gas chromatograph‑mass spectrometer chromatogram of piperine free Piper nigrum extract

Figure  2: Analysis of Deoxyribonucleic acid fragmentation induced 
by piperine free Piper nigrum extract in KKU‑M213 and TFK‑1 cell lines. 
Cells were treated with piperine free Piper nigrum extract for 4 days and 
Deoxyribonucleic acid fragmentation was assessed by 1.5% agarose 
gel electrophoresis and ethidium bromide staining. KKU‑M213  (a) and 
TFK‑1 (b) cells were treated with 41.10 and 45.90 µg/ml of piperine free 
Piper nigrum extract, respectively. The data are representative of three 
independent experiments carried out under the same conditions

ba
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at 5.09%  [Table  2]. Similarly, CP2  (PFPE) exhibited IC50 values of 
7.45  ±  1.59 µg/ml in MCF‑7 cell lines, which was better than DPCE 
(IC50 at 23.46  ±  1.10 µg/ml).[17] These results indicate that PFPE, less 
piperine, was a potential crude extract in anticancer.
O. viverrini excretory/secretory products and O. viverrini antigen 
induce the expression of TLR4, IL‑6, IL‑8, TLR2, NF‑κB, iNOS 
and COX‑2 causing damage to biliary epithelium.[68] In this current 
study, PFPE showed down regulation of NF‑kB, STAT‑3 and COX‑2 
proteins  [Figure  2]. In cancer cells, NF‑kB and STAT‑3 are major 
transcription factors that regulate proliferation, inflammatory, 
angiogenesis, invasive and apoptosis resistance by induction of several 
proteins, such as cyclin D, cyclin E1, CDK2, CDK4, CDK6, c‑myc, 
tumor necrosis factor alpha, interleukin‑1 (IL‑1), IL‑6, IL‑8, VEGF and 
MMP‑9.[69] NF‑kB and STAT‑3 proteins are induced by IL‑6 to stimulate 
COX‑2 expression in the inflammation process and cell cycle,[70,71] which 
associate to CCA progression. Therefore, suppression of NF‑kB, STAT‑3 
and COX‑2 proteins cause cancer growth inhibition. Piperlongumine, 

an alkaloid from P. longum reduces NF‑kB and c‑Myc protein levels and 
inhibits binding of NF‑kB with DNA at promoters in lymphoma cancer 
cells.[72] Moreover, piperlongumine also reduced the phosphorylation 
of JAK‑1, JAK‑2 and STAT‑3 in gastric cancer cells.[73] Matrine, an 
alkaloid from Sophora flavescens Ait., significantly inhibits the viability 
by reduction the phosphorylation levels of JAK‑2 and STAT3 proteins in 
CCA cells.[74] Curcumin, a natural extracted polyphenol from C. longa, 
also suppresses proliferation in human biliary cancer cells through 
inhibition of NF‑kB, STAT‑3 and JAK1 proteins.[75]

There are many evidences on genes and proteins which relate to bile 
duct cancer growth and progression, such as p53 mutation, inactivation 
of p21 and activation of Ras and MAPKs proteins.[76] Here, we found 
that PFPE could inhibit CCA cancer proliferation by decreasing of 
topoisomerase II, Akt, c‑Myc, cyclin D1, and increasing of p21 protein 
levels [Figure 4]. Topoisomerase II is an enzyme involved in the DNA 
replication process that controls cell cycle with peaking at G2/M 
phase.[77] Therefore, down regulation of topoisomerase II by PFPE 
could induced DNA damage, interrupted cell growth and caused cell 
death on KKU‑M213 and TFK‑1  cells. Most of the clinically active 
agents, including etoposide  (lignan) and doxorubicin  (alkaloid) are 
topoisomerase inhibitors.[78] Previously andrographolide analogue 3A.1 
from Andrographis paniculata, a diterpenoid lactone, induces cell cycle 
arrest by down‑regulation of CDK6 and cyclin D1 in KKU‑M213 cell 
lines.[79] Surprisingly, PFPE also exerted a significant reduction of Akt 
protein leading to decreasing of c‑Myc and cyclin D1 and increasing 
of p21 levels  [Figure  6]. Akt and cyclin D1 stimulate the cell cycle 
progression from G1/S phase to G2/M phase.[80] β‑caryophyllene 
oxide, a terpene compound from P. nigrum, shows down‑regulation of 
downstream of AKT pathway, including cyclin D1, COX‑2 and VEGF 
and also up‑regulation of p53 and p21 proteins in human prostate and 
breast cancer cells.[81]

In this study, we founded that the PFPE induced cell death by causing 
DNA fragmentation, increasing apoptotic proteins  (p53, Bax and 
PUMA) and decreasing Bcl‑2 protein levels  [Figure 5]. p53, a tumor 
suppressor and transcription factor, is initially induced when DNA 

Table 3: Cytotoxicity of piperine free Piper nigrum extract against 
cholangiocarcinoma, cholangiocyte and normal mouse fibroblast cell lines

Cell lines IC50 value±SD (µg/ml)

DPCE Piperine PFPE Doxorubicin
CCA

KKU‑100 22.88±0.43 46.53±0.09 17.79±0.88 0.78±0.03
KKU‑M213 22.22±0.26 27.01±0.36 13.70±1.14 1.75±0.02
KKU‑M055 46.66±0.48 55.32±0.22 16.74±0.61 0.69±0.09
TFK‑1 23.25±0.45 29.38±0.07 15.30±0.18 15.19±0.12
HuCC‑T1 37.17±0.03 35.02±0.12 20.72±0.75 2.53±0.04

Normal cholangiocyte
MMNK‑1 33.25±0.28 60.68±0.72 19.65±0.26 0.62±0.05

Normal fibroblast
L‑929 No effect No effect 45.53±0.50 0.20±0.01

P. nigrum: Piper nigrum; DPCE: Dichloromethane P. nigrum crude extract; 
PFPE: Piperine free P. nigrum extract; CCA: Cholangiocarcinoma; SD: Standard 
deviation

Figure 3: Expression of inflammation‑related proteins in KKU‑M213 (a and c) and TFK‑1 (b and d) cells treated with piperine free Piper nigrum extract at 
24, 48, 72 and 96 h. The levels of signal transducer and activator of transcription 3, cyclooxygenase‑2 and Nuclear factor kappa‑light‑chain‑enhancer of 
activated B cells and GAPDH proteins were measured using the Western blot analysis. Densitometric analysis normalized to GAPDH. Data were represented 
as mean ± standard deviation and three independent experiments were done. *P < 0.05 compared with control group (0 h)
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damage and takes responsibility to activate several apoptotic genes, 
such as Bax, PUMA and NOXA.[82-84] Similarly, ethanolic extract of 
P. nigrum has antiproliferative effect on MCF‑7 cells, antitumor effect 
in vivo and triggering apoptosis via p53 and Bax and decreasing of Bcl‑2 
proteins.[55] Curcumin effectively induces apoptosis in CCA (CCLP‑1 
and SG‑231) cells by stimulation of Notch1, Hes‑1 and survivin 
apoptotic proteins.[85] Andrographolide analog 3A.1 has cytotoxicity 

with IC50 of 8.0 µM on KKU‑M213 cells at 24 h after treatment and 
induces apoptosis via induction of cleaved PARP‑1, Bax, caspase‑3, and 
p53.[79] Matrine stimulates apoptosis in CCA cells through induction of 
cytochrome c releasing from mitochondria and reduction of caspase‑3 
and‑9 activity.[74] Taken together, PFPE can be a potential candidate for 
CCA treatment in future. However, study in CCA in vivo and clinical 
trial need to be carried out.

Figure 4: Effect of piperine free Piper nigrum extract on cell growth and cell cycle arrest. KKU‑M213 (a and c) and TFK‑1 (b and d) cells were treated with 
Median inhibition concentration concentration of piperine free Piper nigrum extract for 24, 48, 72 and 96 h. Then, the levels of topoisomerase II, AKT8 virus 
oncogene cellular homolog, avian myelocytomatosis virus oncogene cellular homolog, cyclin D1 and p21 proteins were investigated using Western blot 
analysis. Fold change of each protein was measured by densitometry quantitation using ImageJ software and normalized with GAPDH. P < 0.05 of three 
independent experiments was considered to indicate a statistically significant differences compared to control group (0 h)

dc

ba

Figure  5: Effect of piperine free Piper nigrum extract on apoptosis. KKU‑M213  (a and c) and TFK‑1  (b and d) cells were treated with Median inhibition 
concentration concentration of piperine free Piper nigrum extract for 24, 48, 72 and 96 h. Then, the levels of tumor protein p53, B‑cell lymphoma 2, Bcl-
2‑associated X protein and PUMA proteins were investigated using Western blot analysis. Fold change of each protein was measured by densitometry 
quantitation using ImageJ software and normalized with GAPDH. P < 0.05 of three independent experiments was considered to indicate a statistically 
significant difference compared to control group (0 h)
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CONCLUSION
PFPE showed strong cytotoxicity against KKU‑M213 and TFK‑1 cell 
lines with IC50 values of 13.70 ± 1.14 and 15.30 ± 0.18 µg/ml, respectively. 
PFPE suppressed inflammation through down‑regulation of NF‑kB, 
STAT‑3 and COX‑2. Moreover, PFPE inhibited CCA cells growth and 
proliferation by down‑regulation of topoisomerase II, Akt, c‑Myc 
and cyclin D and up‑regulation of p21. Furthermore, PFPE triggered 
apoptosis through inhibition of Bcl‑2 and induction of p53, Bax and 
PUMA levels as summarized in the Figure 5. In summary, PFPE can be 
served as a promising crude extract for CCA treatment.
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