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AbstractAbstractAbstractAbstract    
    
To explore the effects of Piper retrofractum    (PR) on CCA cells death, apoptosis, and migration. Two 

CCA cells, KKU-100 and KKU-M452, were used in this study. Cells were observed the growth by 
sulforhodamine B (SRB), colony formation, cell cycle arrest, and reactive oxygen species (ROS) formation. 
Migratory capability was determined by Wound healing and matrigel migration method. From the results 
indicated that PR significantly suppressed the growth of both CCA cells through reducing cancer cells number, 
inhibiting colony formation, and arresting cell cycle distribution at G0/G1 phase in KKU-100 cells and S to 
G2/M phase in KKU-M452 cells. Furthermore, PR strongly increased late apoptosis and necrosis in both 
cancer cells via increasing ROS formation and decreasing mitochondrial function. In line with this finding, PR 
extracts suppressed migration in Wound healing and matrigel migration assay, especially in KKU-100 cells.    
Collectively, the present study suggested PR serve as an anticancer drug for the prevention and treatment of 
CCA. 

    
Keywords:Keywords:Keywords:Keywords: apoptosis; cholangiocarcinoma; mitochondrial dysfunction; Piper retrofractum; reactive 

oxygen species 
 
 
IntroductionIntroductionIntroductionIntroduction    
 
Nowadays, many researchers conducted to discover new drug natural resources for cancer therapy, 

including Piper retrofractum (PR). PR is an economically and medicinally important species in the genus Piper 

(Piperaceae) and it is an outstanding pharmaceutical species which grows naturally in Indonesia, Malaysia, 
Vietnam, India, and also in Thailand (Hasan et al., 2016). Several parts of PR have been reported for 

pharmacological activities including leaves, root, stem bark, and fruit. Especially PR ripe fruit, it demonstrated 
to possess various bioactivities such as antifungal, insecticidal, antibacterial, antileishmanial, antidiabetic, 
antiobesity, and anticancer activity. In Thailand, PR is known as a local name as “Dee-Plee” and it has been 
used as a drug for gastrointestinal system treatment.  Moreover, PR has been used in many Thai receipts 
including ben-ja-kul, prab-chom-poo-tha-weeb,	yha-lerd-kham, yha-tri-phi-kad, and yha-phai-pra-lai-kun, for 
treatment in several diseases. Therefore, the study of PR extract was more interested to evaluate in cancer 
treatment.    
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The major compounds that found in PR extract including lignans and alkaloids (Bhandari et al., 1988). 

Alkaloids are extracted mainly from fruit of PR and it mainly contains piperine and piperlonguminine (He et 

al., 2016) that more potency against several cancer cells. The data of PR extract in cancer treatment is less 

information and mechanism of action is still lack information. However, the other plant from genus Piper has 
been demonstrated against cancer cells including Piper nigrum, Piper bitle, Piper ribesoides, Piper sarmentosum, 

Piper cubeba, and Piper porphyrophyllum including PR. The report from Sriwiriyajan et al., found that PR, Piper 

betle, and Piper nigrum extracts have high antigrowth action on human breast cancer cells (MDA-MB-231, 

MDA-MB-468, and MCF-7) and Piper nigrum had more strong effects (Sriwiriyajan et al., 2014). 

Confirmation with PR extract on breast cancer cells, it showed the low IC50 values at 72 h incubation, 
12.27±2.14, 17.10±0.46, and 19.69±0.88, µg/mL in MDA-MB-468, MDA-MB-231, MCF-7, and 
respectively. Thus, the mechanism of PR extract on cholangiocarcinoma (CCA) is still unknown.  

CCA is a bile ducts cancer which is aggressive and poor prognosis in Thailand (Sripa et al., 2011), 

especially the North-East part. The strategy of CCA therapeutic treatment is limited and has no effective 
treatment for cure the advance stage of CCA patients (Gatto and Alvaro, 2010). Advances in surgical 
techniques is the only chance for cure and then treatment with chemotherapy and radiotherapy is needed for 
prolong the survival rate in this CCA patients. Unfortunately, 5‑year survival rate of CCA patients after 
diagnosis still remain about 10% (van der Gaag et al., 2012; Squadroni et al., 2017). Chemotherapeutic agents 

are less effective treatment and show many adverse effects through harmful to rapidly normal cells and bone 
marrow suppression (Barreto et al., 2014). Hence, alternative treatments with less serious side effect for CCA 

are immediately required. 
Based on the previous studies, we hypothesized that PR ripe fruit extract showed anticancer effects by 

inhibiting cell growth, inducing apoptosis, and suppressing migration. The purpose of this work was to explore 
the cytotoxic, apoptotic, and migratory activity of PR fruit extract on two CCA cells including KKU-100 (non-
migrated cells) and KKU-M452 (migrated cells) cells by which activation of ROS formation.    

 
 

Materials and MethodsMaterials and MethodsMaterials and MethodsMaterials and Methods    
 
Plant and extraction 

The ripe fruit of PR were collected from Chiang Mai Province, Thailand, in 2020 and identified by 
Pornpimon Wongsuwan, Assistant professor, Faculty of Medicine, Mahasakham University. The herbarium 
specimen number of this material has been deposited in the Faculty of Sciences, Mahasarakham University 
(No. MSUT7235). The PR extract was extracted by 95% ethanol and made as our previous work described 
(Buranrat, 2022). Briefly, dried ripe fruits (250 g) were macerated with 95% ethanol (7 days), filtered, 
evaporated and lyophilized to obtain the dry extract. The % yield was 4.14% and the extracts were kept at -20 
°C until use. 

 
Cell cultured and cytotoxicity 

Two CCA cells were used in this work, KKU-100 and KKU-M452, were kindly provided by Faculty of 
Medicine, Khon Kaen University. To determine the effects of PR extract on cell viability, SRB assay was used. 
The cell was plated into 96-well culture plates (1x104 cells/well) for overnight and the various concentration 
of PR extract (0-250 µg/mL) was added to each well for 24, 48, 72 h, respectively. In brief, each well was fixed 
with 10% trichloroacetic acid, stained with 0.4% SRB solution, and solubilized with 10 mM Tris base, and read 
the absorbance by spectrophotometer at 540 nm.  
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Acridine orange/ethidium bromide (AO/EB) double staining 

Cell number or morphology was measured using AO/EB assay. Cancer cells were plated in 96-well 
culture plates (1×104 cells/mL) for overnight. Subsequently, the cells were treated with various concentrations 
of PR extract (0-250 µg/mL) for 24 h and observed the morphology using a fluorescent inverted microscope 
(200x magnification, CKX53, Olympus, USA). For a staining method, each well was added with 1 µg/mL 

AO/EB of each dye for 20 min and photographed using a fluorescence microscope.  
    
Colony formation 

To determine the effects of PR extract on colony formation, colony formation assay was used. Cancer 
cells were seeded in into 6‑well culture plates (500 cells/well) for overnight and then incubated with various 
concentration of PR extract (0-250 µg/mL) for 24 h. Afterwards, cells were cultured for another 15 days, fixed 
cells with methanol, stained with 0.5% crystal violet, and then counted the colonies.    

 
Cell cycle distribution 

To examine the PR extract on cell cycle distribution, flow cytometry was used after staining with 
propidium iodide (PI) solution. Cancer cells were plated into a 6-well culture plate (2.5×105 cells/well) for 
overnight. Subsequently, cells were incubated with various concentration of PR extract (0-250 µg/mL) for 24 

h and were added with 70% ethanol overnight at −20 °C. Cancer cells were washed with PBS buffer for several 
times, stained with PI solution for 30 min at room temperature in dark. To analyse the proportions of cell cycle, 
BD Accuri C6 Plus software and fluorescent signals were displayed as histograms. 

    
Reactive oxygen species (ROS) formation 

To examine the PR extract on ROS formation, flow cytometry was used after staining with DCF-DA. 
Cells were seeded (2.5 x 105 cells/well) for overnight, and exposed to various concentration of PR extract (0-
250 µg/mL) for 24 h. The cells were stained with DCF-DA (25 μM) for 30 min in dark, measured the 
fluorescence intensity using flow cytometry, BD Accuri C6 Plus software and fluorescent signals were displayed 
as histograms. 

 
Wound healing  

To determine the cancer cells migration, wound healing assay was used. Cells were seeded (2.5x105 

cell/well) for overnight and the wound was made by a 0.2 mL pipette tip. The cells were incubated with various 
concentration of PR extract (0-250 µg/mL) for 48 h. Images of the wound surfaces were recorded at 0 and 48 
h (40x magnification, CKX53, Olympus, USA) and then measured the denuded area. 

    
Matrigel migration  

To determine the cancer cells migration, a matrigel migration assay was used. Cancer cells were plated 
(2x104 cell/well) into the upper chamber of Transwell insert in a 24-well culture plate in serum‑free DMEM 
medium with various concentration of PR extract (0-250 µg/mL) and the lower chambers was added with 
complete DMEM medium. After 24 h incubation period, the migrated cells were fixed with ice-cold methanol, 
stained with 0.25% crystal violet. Migrated cells were captured by phase‑contrast microscope (200x 

magnification, CKX53, Olympus, USA).  
    
Statistical analysis 

All results are showed as the mean±SE. from three independent experiments and used GraphPad Prism 
5 (GraphPad Software, Inc., La Jolla, CA, USA) for testing statistical analysis. P<0.05 was statistically 

significant difference. 
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ResultsResultsResultsResults    
 
PR effects on cell growth 

The cytotoxic effects of PR indicated that PR extract inhibited CCA cell number at 24 h incubation 
periods by dose-dependent manner (Figure 1A and B) correlated with reduction of cell viability by dose- and 
time-dependent manner in two CCA cells. Compared with the incubation time point, a significant difference 
was identified in IC50 values of 72.16±8.04, 49.72±4.86, and 33.32±1.19 µg/mL for 24, 48, 72 h in KKU-100 
cells and 245.33±23.25, 54.95±16.74, and 39.64±3.10 µg/mL for 24, 48, 72 h in KKU-M452 cells, respectively 
(Table 1).  

 

 
Figure 1.Figure 1.Figure 1.Figure 1. PR effects on cell morphology and viability in CCA cells. (A-B) KKU-100 and KKU-M452 cells 
were exposed with PR extract (0-250 µg/mL) at 24 h and cell morphology was observed under fluorescent 
inverted microscopy after incubating with AO/EB solution (Upper figure). (A-B) CCA cells were treated 
with PR extract at 24-72 h. Growth was monitored by SRB assay. Mean±SE. n=3.  

 
Table 1. Table 1. Table 1. Table 1. The IC50 values and Emax of PR extract on CCA cells 

Cell linesCell linesCell linesCell lines    Incubation times (h)Incubation times (h)Incubation times (h)Incubation times (h)    ICICICIC50505050    (µg/mL)(µg/mL)(µg/mL)(µg/mL)    EmaxEmaxEmaxEmax    

KKU-100 

24 72.16±8.04 86.38±1.01 

48 49.72±4.86* 86.87±0.64 

72 33.32±1.19* 87.69±1.09 

KKU-M452 

24 245.33±23.25 81.11±1.17 

48 54.95±16.74* 85.44±0.86 

72 39.64±3.10* 87.16±0.95 
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Cancer cells replication was observed by colony formation assay and the PR extract suppressed the 
formation of colonies on KKU-100 cells with IC50 values was 70.03±3.93 µg/mL. KKU-M452 cells could not 
form the colony like as KKU-100 cells (Figure 2A). The suppression of PR on CCA cells growth was confirmed 
by cell cycle distribution. For KKU-100 cells, the percentage of cells in G0/G1 phase was increased after 
treating with PR extract at 24 h by dose-dependent and KKU-M452 cells was increased in S to G2/M phase 
(Figure 2B and C). Two CCA cells were induced cancer cells growth inhibition by PR through arresting the 
cell cycle distribution.  

 

 
Figure 2.Figure 2.Figure 2.Figure 2. PR effects on colony formation and cell cycle distribution in CCA cells. (A) KKU-100 cells were 
incubated with PR extract (0-250 µg/mL) for 24 h, further cultured the cancer cells for 14 days, and 
counted the colonies. (B-C) KKU-100 and KKU-M452 were incubated with various concentration of PR 
extract for 24 h and measured cell cycle distribution after staining with PI solution. Mean±SE. n=3. 

*p<0.05  

  
PR effects on cancer cells apoptosis 

The percentage of apoptosis from flow cytometry after staining Annexin V-FITC and PI found that the 
cell number of late apoptotic and necrotic cells in the PR treatments were significantly increased when 
compared with untreated control groups (Figure 3A and B). Especially in KKU-100 cells, PR extract 
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significantly decreased the percentage of viable cells along with increasing late apoptotic and necrotic cells. 
Finally, PR extract decreased the number of viable cells and also induced necrotic cells in both CCA cells.    

    

    
Figure 3. Figure 3. Figure 3. Figure 3. PR effects on apoptosis in CCA cells. (A) KKU-100 and (B) KKU-M452 cells were incubated 
with PR extract (0-250 µg/mL) for 24 h and measured apoptosis after staining with Annexin V-FITC and 

PI solution. Mean±SE. n=3. *p<0.05        

    
PR effects on ROS formation 

The results demonstrated that ROS accumulation were increased following PR treatment, especially in 
KKU-100 cells (Figure 4A and B). PR extract at the dose of 0, 50, 100, and 250 µg/mL were significant induced 
ROS formation in KKU-100 cells from 0.83±0.35%, 2.68±0.29%, 16.13±1.50%, and 17.23±1.33%, 
respectively. On the other hand, PR extract slightly activated ROS formation in KKU-M452 cells; however, 
the significant did not alter from the control group.    
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Figure 4.Figure 4.Figure 4.Figure 4. PR effects on ROS formation in CCA cells. (A-B) Cancer cells were incubated with PR extract 
(0-250 µg/mL) for 24 h and measured ROS formation by flow cytometry after staining with 25  M DCF-

DA. Mean±SE. n=3. *p<0.05  

 
PR effects on mitochondrial function 

The results demonstrated that mitochondrial function (mitochondrial membrane potential, MMP) was 
decreased following PR treatment, especially in KKU-100 cells (Figure 5A and B). PR extract at the dose of 50, 
100, and 250 µg/mL were significant reduced mitochondrial function by detecting with JC-1 monomers 
(Unhealthy-cells) was increased along with JC-1 aggregates (Healthy-cells) was decreased and the significant 
was indicated at high dose (250 µg/mL). KKU-100 cells, JC-1 aggregates were showed approximately from 
96.63±0.67%, 93.23±0.91%, 80.47±1.25%, and 77.60±1.57% for 0, 50, 100, and 250 µg/mL, respectively and 
KKU-M452 cells were 93.63±0.51%, 92.83±0.55%, 92.93±0.86%, and 82.73±2.20%. PR extract decreased 
mitochondrial function in both of CCA cells, especially in KKU-100 cells (non-migrated cells/slow growth 
cells).   

 
PR effects on cell migration 

The data indicated that the migratory activities of CCA cells were markedly inhibited following their 
exposure to PR (Figure 6A and B). In Wound healing assay found that PR extract significantly inhibited cell 
migration at the doses of 50, 100, and 250 µg/mL in KKU-100 cells and 100 and 250 µg/mL in KKU-M452 
cells. In Matrigel migration assays, PR extract strongly suppressed the migrated cells to the lower bottom of 
insert well in both of CCA cells, especially in KKU-100 cells. No cells were detected in PR treatment at the 
doses of 50, 100, and 250 µg/mL in KKU-100 cells and 100, and 250 µg/mL in KKU-M452 cells (Figure 7A 
and B). These results suggested that PR inhibited the migration in CCA cells. 
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Figure 5.Figure 5.Figure 5.Figure 5. PR effects on mitochondrial function in CCA cells. (A-B) Cancer cells were incubated with PR 
extract (0-250 µg/mL) for 24 h and measured mitochondrial function by flow cytometry after staining with 

JC-1 dye. Mean±SE. n=3. *p<0.05  

 

 
Figure 6.Figure 6.Figure 6.Figure 6. PR effects on migration by wound healing in CCA cells. (A-B) Cancer cells were made a wound 
by 0.2 mL pipette tips and incubated PR extract (0-250 µg/mL) for 24 h. The cancer cells migration was 

measured the denuded area at 0 and 48 h after photographing with 4x magnification by inverted 

microscopy. Mean±SE. n=3. *p<0.05  
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Figure 7.Figure 7.Figure 7.Figure 7.    PR effects on migration by matrigel migration in CCA cells. (A-B) Cancer cells were cultured in 
the upper chamber of insert well PR extract for 24 h. The cancer cells migration was photographed with 

20x magnification by inverted microscopy. Mean±SE. n=3. *p<0.05        

    
    
DiscussionDiscussionDiscussionDiscussion    
 
Presently, many reports demonstrated that the extracts from genus Piper has been exhibited anticancer 

effects including PR. The effects of PR fruit have been reported in several pharmacological actions such as 
anticancer effect; however, the PR effects on CCA cells are still unknown. Based on the results obtained, we 
found that PR exhibited growth inhibition by time- and dose-dependent manner in both of two CCA cells, 
KKU-100 and KKU-M452, and showed the strong effects in KKU-100 cells (non-migrated cells and slow 
growth cells). The anticancer effect of PR extract found that the extract arrested the cell cycle distribution at 
G0/G1 phase in KKU-100 cells and S to G2/M phase in KKU-M452 cells. Moreover, PR induced CCA cells 
apoptosis, especially in KKU-100 cells along with induction of ROS formation and decreased mitochondrial 
function. Furthermore, PR extract also inhibited cell migration by dose-dependent manner. PR fruit extract 
could be useful for anticancer agents in CCA treatment. 

CCA is one of an aggressive tumor with very poor prognosis and less effectiveness to chemotherapeutic 
drugs (Wu and Chu, 2019). The researchers have been tried to explore new effective agents for treating and 
preventing of CCA (Wu and Chu, 2019). Natural compounds and traditional medicines are one of the major 
sources of anticancer drug including PR ripe fruit. Presently, we demonstrated the effects of PR extract against 
CCA proliferation and apoptosis. The IC50 values to suppress the CCA cells viability was low concentration 
in KKU-100 cells more than KKU-M452 cells. At 72 h incubation period, the IC50 values were 33.32±1.19 
and 39.64±3.10 µg/mL, respectively. Confirmation with previous report from human breast cancer cells, PR 
extract inhibited cancer cell viability at similar range with CCA cells. PR extract has been reported the 4 active 
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compounds including piperine, methyl piperate, sylvatine, and piperlonguminine and piperine is widely used 
to study cytotoxic effects (Amad et al., 2017). PR extract was examined the cytotoxic action on lung cancer 

cells, SCLC-H22 and NCI-H187, compared with human gingival fibroblast cells, HGF, and the results 
indicated that lung cancer cells sensitive to PR extract than normal fibroblast cells (Amad et al., 2017). PR 

extract is less adverse effects on the normal cells.  
Lack information of PR crude extract on apoptosis; however, piperine is one of most active compounds 

from PR extract, caused induction of apoptosis in several mechanism of actions and cancer cells. Piperine 
induced apoptosis on cervical cancer cells through induction of ROS generation, activation mitochondrial 
dysfunction, and stimulation of caspase 3 activity (Jafri et al., 2019), like as rectal cancer cells. On the other 

hand, it induced protein-related apoptosis including BAX, cleaved poly (ADP-ribose) polymerase, cleaved 
caspase-9, phospho-c-Jun N-terminal kinase and phospho-p38 in melanoma cells (Yoo et al., 2019) and 

apoptosis is occurred. In this study, we demonstrated that PR crude extract caused activation of apoptosis in 
CCA cells via ROS production and mitochondrial dysfunction as previous data. Finally, PR extract activated 
cancer cells apoptosis in CCA cells.  

Metastasis is the main step of cancer with very poor prognosis and clinical outcome. This study examined 
the PR extract on cells migration was explored by wound healing and Matrigel migration assay. The data 
indicated that PR extract showed the powerful to suppress the cell migration by dose-dependent manner, 
especially in KKU-100 cells. Matrix metalloproteinases (MMPs) is the main step for cancer metastasis, 
invasion, and migration (Toth et al., 2012). Interestingly, an overexpression of MMP 2 and MMP 9 levels are 

found in cancer cells migration (Shi et al., 2012). Like as anticancer effects, lack of information of PR extract 

on cancer cells migration; however, piperine and its active compounds of PR extract still have been reported 
antimigratory activity with low doses. Piperine significantly reduced the breast cancer cells migration by 
suppressing MMP 9 and MMP 13 levels, and it significantly suppressed the lung metastasis in vivo study (Lai 

et al., 2012). In conclusion, our data showed that PR extract attenuated CCA cell migration, led to reduced 

tumor progression and migration.      
 
    
ConclusionsConclusionsConclusionsConclusions    
 
The standard treatment for CCA is still very poor response. In this study indicated that the anticancer 

effect of PR extract has more potency defeated CCA cells through inducing cells death, stimulating apoptosis, 
and inhibiting migration. PR shows anticancer effects via induction of cell cycle arrest at G0/G1 phase for 
KKU-100 cells and S to G2/M phase for KKU-M452 cells. Further, PR extract activated the apoptosis 
signaling pathway through stimulation of ROS production and reduction of mitochondrial function. Finally, 
PR extract caused reduction of cancer cells migration. In conclusion, these results demonstrated that PR may 
serve as a potential antitumor agent by its multifunctional effects in CCA. 
 
 

Authors’ ContributionsAuthors’ ContributionsAuthors’ ContributionsAuthors’ Contributions 
 
The author read and approved the final manuscript. 

 
 

Ethical approvalEthical approvalEthical approvalEthical approval (for researches involving animals or humans) 
 
Not applicable. 
    



Buranrat B (2023). Not Bot Horti Agrobo 51(4):12939 

 

11 

 

 

 

 

 

 

AcknowledgementsAcknowledgementsAcknowledgementsAcknowledgements    
 
This research project was finally supported by Mahasarakham University (MSU) and the research 

project presentation for Dr. Benjaporn Buranrat was supported by Mahasarakham University Development 
Fund and Faculty of Medicine. Thanks for Dr. Adrian R. Plant for MSU language editing.  

 
    
Conflict of InterestsConflict of InterestsConflict of InterestsConflict of Interests    
 
The authors declare that there are no conflicts of interest related to this article. 
 
 
ReferencesReferencesReferencesReferences    
    

Barreto JN, Mc Cullough KB, Ice LL, Smith JA (2014). Antineoplastic agents and the associated myelosuppressive effects: 

a review. Journal of Pharmacy Practice 27(5):440-446. https://doi.org/10.1177/0897190014546108  

Bhandari S, Babu U, Garg H (1988). A lignan from Piper chaba stem. Phytochemistry 47(7):1435-1436. 

https://doi.org/10.1016/S0031-9422(97)00681-X.  

Buranrat B (2022). Anticancer potential of Piper retrofractum on breast cancer MCF-7 cells via induction of cell death 

and reduction of cell migration. Pharmacognosy Magazine 18:532-539. https://doi.org/10.4103/pm.pm_455_21   

Gatto M, Alvaro D (2010). New insights on cholangiocarcinoma. World Journal of Gastrointestinal Oncology 2(3):136-

145. https://doi.org/10.4251/wjgo.v2.i3.136   

Hasan AEZ, Suryani, Mulia K, Setiyono A, Silip JJ (2016). Antiproliferation activities of Indonesian java chili, Piper 

retrofractum Vahl., against breast cancer cells (MCF-7). Der Pharmacia Lettre 8(18):141-147.  

He H, Guo WW, Xu RR, Chen XQ, Zhang N, …, Wang XM (2016). Alkaloids from piper longum protect dopaminergic 

neurons against inflammation-mediated damage induced by intranigral injection of lipopolysaccharide. BMC 

Complementary Medicine and Therapies 16(1):412-423. https://doi.org/10.1186/s12906-016-1392-6   

Jafri A, Siddiqui S, Rais J, Ahmad MS, Kumar S, Jafar T, …, Arshad M (2019). Induction of apoptosis by piperine in 
human cervical adenocarcinoma via ROS mediated mitochondrial pathway and caspase-3 activation. EXCLI 

Journal 18:154-164. https://doi.org/10.17179/excli2018-1928  

Lai LH, Fu QH, Liu Y, Jiang K, Guo QM, Chen QY, …, Shen JG (2012). Piperine suppresses tumor growth and metastasis 

in vitro and in vivo in a 4T1 murine breast cancer model. Acta Pharmacologica Sinica 33(4):523-530. 

https://doi.org/10.1038/aps.2011.209  

Shi GZ, Yuan Y, Jiang GJ, Ge ZJ, Zhou J, Gong DJ, …, Huang SD (2012). PRAF3 induces apoptosis and inhibits migration 
and invasion in human esophageal squamous cell carcinoma. BMC Cancer 12:97-109. 

https://doi.org/10.1186/1471-2407-12-97   

Squadroni M, Tondulli L, Gatta G, Mosconi S, Beretta G, Labianca R (2017). Cholangiocarcinoma. Critical Reviews in 

Oncology/Hematology 116:11-31. https://doi.org/10.1016/j.critrevonc.2016.11.012  

Sripa B, Bethony J, Sithithaworn P, Kaewkes S, Mairiang E, Loukas A, …, Brindley P (2011). Opisthorchiasis and 
Opisthorchis-associated cholangiocarcinoma in Thailand and Laos. Acta Tropica 120:158-168. 

https://doi.org/10.1016/j.actatropica.2010.07.006  

Sriwiriyajan S, Ninpesh T, Sukpondma Y, Nasomyon T, Graidist P (2014). Cytotoxicity screening of plants of genus piper 
in breast cancer cell lines.  Tropical Journal of Pharmaceutical Research 13:921-928. 

https://doi.org/10.4314/tjpr.v13i6.14  

Toth M, Sohail A, Fridman R (2012). Assessment of gelatinases (MMP-2 and MMP-9) by gelatin zymography. Methods 

in Molecular Biology 878:121-135. https://doi.org/10.1385/1-59259-136-1:163  

van der Gaag N, Kloek J, de Bakker J, Musters B, Geskus R, Busch O, …, van Gulik T (2012). Survival analysis and 
prognostic nomogram for patients undergoing resection of extrahepatic cholangiocarcinoma. Annals of Oncology 

23(10):2642-2649. https://doi.org/10.1093/annonc/mds077  



Buranrat B (2023). Not Bot Horti Agrobo 51(4):12939 

 

12 

 

 

 

 

 

 

Wu HJ, Chu PY (2019). Role of cancer stem cells in cholangiocarcinoma and therapeutic implications. International 

Journal of Molecular Sciences 20(17):1-28. https://doi.org/10.3390/ijms20174154  

Yoo ES, Choo GS, Kim SH, Woo JS, Kim HJ, Park YS, …, Jung JY (2019). Antitumor and apoptosis-inducing effects of 
piperine on human melanoma cells. Anticancer Research 39(4):1883-1892. 

https://doi.org/10.21873/anticanres.13296  

 

 
 
 

 

The journal offers free, immediate, and unrestricted access to peer-reviewed research and scholarly work. Users are 
allowed to read, download, copy, distribute, print, search, or link to the full texts of the articles, or use them for any 
other lawful purpose, without asking prior permission from the publisher or the author. 

 

License License License License ---- Articles published in Notulae Botanicae Horti Agrobotanici ClujNotulae Botanicae Horti Agrobotanici ClujNotulae Botanicae Horti Agrobotanici ClujNotulae Botanicae Horti Agrobotanici Cluj----NapocaNapocaNapocaNapoca are Open-Access, 

distributed under the terms and conditions of the Creative Commons Attribution (CC BY 4.0) License. 
© Articles by the authors; Licensee UASVM and SHST, Cluj-Napoca, Romania. The journal allows the author(s) to 
hold the copyright/to retain publishing rights without restriction. 

 
Notes:Notes:Notes:Notes:    
 Material disclaimer: The authors are fully responsible for their work and they hold sole responsibility for the articles published 

in the journal.  
 Maps and affiliations: The publisher stay neutral with regard to jurisdictional claims in published maps and institutional 

affiliations. 
 Responsibilities: The editors, editorial board and publisher do not assume any responsibility for the article’s contents and for 

the authors’ views expressed in their contributions. The statements and opinions published represent the views of the authors 
or persons to whom they are credited. Publication of research information does not constitute a recommendation or 
endorsement of products involved. 

 
 


