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Abstract 

Spices have been used for many decades, and although new and improved culinary spices 

have been developed, black pepper (Piper nigrum) continues to retain its distinguished title 

as the “King of spices” due to its particular pungent taste. An alkaloid called piperine is the 

main component in black pepper that, besides generating the well-known taste, imparts 

well-documented immunomodulatory, anti-inflammatory, antimicrobial, antioxidant, and 

even anti-cancer properties; these properties have led to rigorous research on black pepper. 

Studies conducted on cancer cell lines and in animal models with tumors revealed that 

piperine might influence tumor development and metastasis via various pathways, some of 

which are quite common for most types of malignant processes, while others are associated 

with a specific type of cancer. In this review, we summarized the effect of piperine on 

various types of cancer and the mechanism by which it acts as a carcinopreventive agent. 
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1. Introduction 

The history of spices and their introduction to the western countries is closely linked to ancient 

explorers and their journeys to new lands. These explorers carried new spices to improve the taste 

and flavor of food and laid the foundation of modern cuisine. The high value of spices in olden 

times influenced trade throughout Europe [1]. Our ancestors noted the beneficial effects of 

curative plants and included a significant number of spices in the armamentarium of traditional 

folk medicine. They believed that spices had healing effects since they emerged from paradise and 

spread throughout the world [2]. There is a huge variety of spices available currently, but the most 

important one that is commonly used by all is black pepper (Piper nigrum). Due to its widespread 

usage, it is also called the “King of spices” [3, 4]. Gradually, the pharmacological properties of 

black pepper, such as its antimicrobial, antioxidant, and anti-inflammatory activities, became more 

evident and encouraged researchers to explain the mechanism of these functions, a process 

thoroughly reviewed by Takoree et al. [5]. Piperine, the principal alkaloid in black pepper, was 

determined as a highly bioactive component [5]. In addition to the above-mentioned 

pharmacological activities, piperine facilitates the absorptive and therapeutic capabilities of 

conventional drugs, when used together [6]. Therefore, efforts have been made to extract greater 

quantities of pure piperine from its source. Li et al. [7, 8] developed a multistage extraction 

method to obtain alkaloids from plants that express antibacterial, antioxidant, and anti-cancer 

activities. Using this method, 99% pure piperine was extracted [9]. Studies have shown that black 

pepper possesses a potential anti-cancer effect against several types of malignant cell lines that 

develop a dose-dependent inhibition of tumor cell proliferation, COX enzymes, nuclear 

transcription factor kappa-β, and lipid peroxidation [10, 11]. The anti-cancer potential of piperine 

has been the subject of several studies and reviews [12-14]. Considering the close relationship 

between chronic inflammation and cancer development, piperine can stimulate the 

immunomodulatory activities of mononuclear cells by producing anti-inflammatory cytokines, and 

inhibit pro-inflammatory activities, thus exerting a pronounced anti-cancer effect [15-17]. Piperine 

can restrain or even prevent cancer development by multiple mechanisms, either common to all 

types of malignant cells, such as antiproliferative, antioxidant, and pro-apoptotic activities [18], or 

biological processes strongly associated with a specific type of cancer. Liu et al. [11] reported that 

black pepper extracts exert a dose-dependent suppression of human tumor cell proliferation by 

inhibiting TNF-induced NF-kβ activity (nuclear factor kappa promoter of B cells). Rats with 

nitrosomethylurea-induced mammary tumorigenesis that were fed piperine extracts showed 

marked suppression of tumor progression, linked with the inhibition of the production of certain 

cytokines and Th2 regulatory (Treg) cells, and the promotion of the function of Th1 helper cells 

[19]. In experiments with HT-1080 cells (a fibrosarcoma cell line), it was found that piperine 

affected tumor migration by reducing the level of matrix metalloproteinase-9 (MMP-9) and NF-κβ, 

a factor that monitors DNA transcription and cytokine production [14]. A detailed review of the 

antimutagenic potential of piperine and its main mechanism of controlling carcinogenesis was 

published by Stojanovic-Radic et al. [15]. Interestingly, the doses of piperine applied in the 

different experiments differed according to the type of cancer, the setup of the experiment, and 

the goal to be achieved [17, 20, 21] (Table 1). Since cancers of the digestive tract and the breast 

are the most common malignancies affecting humans, the majority of investigations on the 

antimutagenic effect of piperine have been conducted on these types of cells. This review aimed 
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to provide an overview of the recent studies regarding the potential carcinopreventive effect of 

piperine in various malignancies. 

Table 1 Piperine doses used in different experiments to obtain anti-cancer effects. 

In vitro studies 
Type of cancer cells Dosage Reference 

KB cells-oral squamous cell 
carcinoma 

25-300 µM [16] 

DLD-1 cells, colon carcinoma 100-200 µM [21] 

HCT-116, SW480, DLD-1 cells, 
colorectal carcinoma 

100-200 µM [22] 

4T1 cells, murine breast carcinoma 35-280 mMol/L [23] 

MCF-7 cells, human breast 
carcinoma 

20-30 µM [24] 

MDA-MB-231 breast adeno ca, A-
549-lung adeno ca, HepG2 
hepatocellular ca  

238, 198, 214 µM, respectively, to 
achieve IC50 

[25] 

LNCaP, PC-3-prostate carcinoma 
cells 

39.91, 49.45, respectively, to 
achieve IC50 

[26] 

EAC - Ehrlich ascites carcinoma 
cells 

250 mg/kg [17] 

In vivo studies 

Human volunteers 20 mg/kg. [20] 
Mice sarcoma 180 50 and 100 mg/kg day for 7 days [27] 

Albino mice lung carcinoma 50 mg/kg day for 16 weeks [28, 29] 

2. Piperine and Cancers of the Gastrointestinal Tract 

Oral malignancies are relatively rare and are mainly observed in chronic alcohol and tobacco 

consumers. Exposure of cells from a human oral squamous carcinoma line to piperine was 

followed by significantly reduced cell viability and increased cell death with a tendency of cell 

cycle arrest at the G2/M phase. Additionally, caspase-3 activation and reactive oxygen species 

(ROS) production were stimulated [22]. In a study on gastric adenocarcinoma, the addition of 

piperine to cells exposed to Helicobacter pylori, a bacterium that is known to be a carcinogen, was 

shown to cause a dose-dependent inhibition of the adhesion of the bacteria to the malignant cells. 

This was due to the ability of piperine to suppress the motility genes of the microorganism [30]. In 

another study with human gastric carcinoma cells (SNU-16), piperine dose-dependently inhibited 

cell proliferation and stimulated the apoptosis of cancer cells. Moreover, piperine diminished the 

tumor size when administered to tumor-bearing mice. The authors of that study concluded that 

this effect was due to the inhibition of PI3/Akt (Phosphoinositide 3-kinases/protein kinase B), a 

signaling pathway involved in the cell cycle, proliferation, and cell lifespan [31]. Studies on the 

effect of piperine on gastrointestinal tumors have been conducted on colorectal cancer, probably 

because this is one of the most common malignancies in humans [32, 33]. Similar to the effect of 
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piperine on gastric cancer cells, the proliferation of HT-29 human colon cancer cells was also 

inhibited by piperine through cell cycle arrest at the G1 phase and an increase in apoptosis [34]. 

Even low doses of piperine (100 - 200 µM) inhibited the proliferation of DLD-1 human colon 

cancer cells at 48 h and 71 h. This suggests that the continuous administration of low doses of 

piperine may prevent colon cancer by inhibiting cancer cell proliferation [21]. Piperine increased 

the sensitivity of HT-29 colon cancer cells to gamma-irradiation by activating caspase-3 and 

cleaving poly (ADP-ribose) polymerase-1, factors that are linked with the enhanced apoptosis and 

decreased proliferation of the malignant cells [35]. Other colorectal cancer cell lines, such as 

HCT116, SW489, and DLD-1, showed significantly decreased cell migration, proliferation, and 

viability under the effect of piperine, whereas control, non-malignant cell lines were unaffected. 

According to the authors, piperine induced these alterations on cancer cells by inhibiting the 

Wnt/β-catenin signal transduction pathway [36]. Wnt signaling pathways include a group of 

proteins that transmit signals to cancer cells and are strongly associated with the development of 

colorectal cancer [37]. Rehman et al. [33] treated Wistar rats bearing dimethylhydrazine-induced 

colon cancer with piperine and observed a marked restoration of the damage induced by the 

carcinogen. Piperine decreased the level of carcinoembryonic antigen (CEA), as well as the level of 

other biomarkers linked with the early stages of colon cancer. Moreover, the production of the 

inflammatory cytokines TNFα, IL-1β, and IL-6, as well as that of the reactive oxygen species (ROS), 

decreased. Piperine displays an anti-cancer activity by stimulating the cross-talk between the 

nuclear erythroid 2-related factor 2 (Nrf-2) that upregulates antioxidant responses and NF-kβ, a 

factor that is activated during cancer development and promotes malignant transformation. 

Experiments on rats with dimethylhydrazine-generated colon cancer fed with black pepper 

showed a decreased number of tumors in the colon and an intact lipid metabolism compared to 

the number of colon tumors and the lipid metabolism in the controls [32]. Chemoprevention 

depends on the self-renewal capacity of cancer stem cells, which requires three signaling 

pathways: Wnt/β-catenin, Hedgehog, and Notch. Piperine and other natural dietary compounds 

can alter the activity of these pathways, thus impairing the conventional development of cancer 

cells [38]. Piperine can inhibit colorectal cell migration by targeting the epithelial-to-mesenchymal 

transition that is regulated by the Snail protein and the signal transducer and activator of 

transcription 3 (STAT3) [39]. Due to the positive effect of piperine on human health, researchers 

wanted to find better ways to deliver the alkaloid to cancer patients. A nanoformulation of 

aggregated hydroxyapatite nanoparticles loaded with piperine inhibited HCT116 colon cancer cells 

expressed by considerable alterations of the cell membrane and impaired intercellular adhesion 

[23]. In another study, emulsomes containing piperine and curcumin effectively arrested HCT116 

cell proliferation at the G2/M phase [40]. Collectively, these studies indicate that additional 

research should be conducted to determine whether piperine can be used in conventional drugs 

for treating colorectal cancer. 

3. Piperine and Breast Cancer 

Breast cancer is a serious threat since it is one of the most frequent malignancies and is the 

second most common cause of death in women [41, 42]. A significant number of vitamins, dietary 

components, and alkaloids, including piperine, were found to prevent development and 

recurrence of breast cancer, which led to the conclusion that they might have antitumor 
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properties and could be used for the chemoprevention of breast cancer [43]. Lai et al. [44] 

examined the effect of piperine on mouse 4T1 breast carcinoma cells and showed that, when 

applied in vitro, piperine arrested the growth of the malignant cells by inhibiting cyclin B and 

delaying the G2 mitotic phase. Additionally, piperine increased the apoptosis of cancer cells. These 

effects were expressed in a dose-dependent and time-dependent manner and were linked with 

the activation of caspase-3, a programmed cell death marker. Notably, piperine, when 

administered to 4T1 breast cancer-bearing mice, suppressed tumor growth and propagation. 

Piperine strongly inhibited cell proliferation and apoptosis in piperine-pretreated HER2-

overexpressing breast cancer cells and increased their sensitivity to paclitaxel [45]. In another 

study, when combined with piperlongumine, another natural pepper alkaloid, piperine inhibited 

the proliferation and increased the apoptosis of breast cancer cells by repressing the activation of 

STAT3, a transcription factor known to be a cancer promoter [31]. Angiogenesis, which is 

important for cancer progression, was found to be inhibited by piperine in chick embryos bearing 

breast cancer [21]. Similar to the effect of piperine in tumors of the gastrointestinal tract, breast 

cancer development might also be altered by piperine through the inhibition of the inflammatory 

response (a process strongly associated with carcinogenesis), which suppresses the production of 

pro-inflammatory cytokines from immune cells [46, 47]. Breast cancer cells are non-responsive to 

anti-cancer drugs due to the presence of efflux transporters, including the highly expressed multi-

drug resistant P-glycoprotein (P-gp) on the cell membrane. After treating drug-resistant cancer 

cells with piperine, added either alone or in combination with capsaicin, there was a 

downregulation of the expression of P-gp and the breast cancer resistance protein (BCRP), which 

led to a decrease in the resistance of the cells to doxorubicin, thus indicating that piperine might 

independently be a P-gp and BCRP suppressor [38, 48]. According to Bozorgi et al. [49], decreasing 

apoptosis and activating several signaling pathways related to increased cell survival are key ways 

by which breast cancer stem cells (BCSCs) develop drug resistance. The authors suggested the use 

of several herbal compounds, including piperine, to target BCSCs and prevent cancer 

development. The combined administration of piperine with other herbal polyphenols, such as 

curcumin, enhanced their cytotoxicity toward BCSCs without affecting differentiated cells [50]; 

nanoformulations containing piperine and anti-cancer drugs were shown to intensify this effect. 

Experiments have shown that administering rapamycin with piperine in nanoparticles increased 

the bioavailability of rapamycin by 4.8 fold, compared to the bioavailability of the drug when 

administered alone [51]. In another study, nanoparticles encapsulated with BioPerine (a black 

pepper alkaloid derivate) stimulated the in vitro cytotoxicity of the MDA-MB 453 breast cancer cell 

line by downregulating P-gp [24]. The administration of piperine, sulforaphane, and 

thymoquinone in nanoformulations showed greater bioavailability and more efficient delivery 

when targeting breast cancer cells compared to their activity when administered alone [52]. 

Piperine might be useful in the treatment of triple-negative breast cancer (TNBC), known for its 

violent course. According to Abdelhamed et al. [53], the beneficial effect of piperine in such cases 

is due to its ability to enhance TRAIL (TNF-related apoptosis-inducing ligand) therapeutic 

modalities. Piperine could induce caspase-dependent apoptosis of TNBC cells to inhibit their 

growth and migration by decreasing the number of cells entering the G2 phase of the mitotic cycle 

and reducing the expression of matrix metalloproteinases. Moreover, piperine enhanced the 

sensitivity of TNBC cells exposed to gamma radiation [54] and exerted a synergistic effect on the 

antimitotic and cytotoxic activity of conventional drugs, such as paclitaxel that target TNBCs [55]. 
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Piperine, with cisplatinum, augmented the apoptosis and decreased the viability of the human 

MCF-7 breast cancer cell line by reducing Bcl-2 anti-apoptotic regulator and increasing caspase 

enzymes [56]. Encapsulation of piperine in nanoparticles or liposomes boosted the synergistic 

effect of the anti-cancer drugs [55, 57]. Due to the various ways by which it can interfere with 

breast cancer development and the new methods for its delivery, piperine could be considered for 

conventional cancer therapy.  

4. Piperine and Gynecological Cancers 

Cervical, endometrial, and ovarian cancers are the main gynecological malignancies, and great 

efforts have been made to combat them with modern therapeutic remedies. Li et al. [7-9, 58] 

developed nanogels that are capable of improving drug delivery to ovarian carcinoma and have 

great therapeutic potential. The authors demonstrated a high drug loading capacity of the 

nanogels. For example, doxorubicin, loaded in these nanogels, had prolonged circulation time and 

greater tumor uptake. Epidemiological studies revealed that some of these tumors might be 

affected by phytochemicals, capable of preventing their development and spread [59]. Human 

cervical adenocarcinoma (HeLa) cells exposed to piperine displayed growth inhibition either due 

to a tendency of the cells to be arrested at the G2/M phase or due to increased apoptosis, DNA 

fragmentation, and cell death, linked with caspase-3 activation and the generation of reactive 

oxygen species [25]. Moreover, piperine suppressed the resistance of cervical cancer cells to 

mitomycin and potentiated their apoptosis by upregulating Bax and Bid pro-apoptotic proteins, 

both of which belong to the Bcl-2 family. In a mouse model, the combination of piperine and 

mitomycin showed a synergistic effect in preventing tumor growth, compared to the effect of the 

two components when administered independently [28]. Ovarian cancer is one of the most 

malignant gynecological tumors, and efforts have been made to introduce novel and more 

effective therapeutic modalities [58]. The antitumor properties of piperine were examined on a 

human ovarian cell carcinoma A2780 cell line, and piperine reduced the proliferation, apoptosis, 

and viability of cancer cells without affecting the normal ovarian cells. Piperine activated caspase 

which, in turn, activated several signal transduction pathways, such as MAPK (mitogen-activated 

protein kinase) and JNK (Jun N-terminal kinase) [29]. Piperine, independently or in combination 

with anti-cancer medications, was able to overcome drug resistance of human ovarian cancer cells 

and demonstrated an improved cytotoxic activity [48, 60].  

5. Piperine and Lung Cancer 

While breast cancer is the most common malignancy in women, lung cancer is the one with the 

highest incidence in men and is the main cause of male morbidity and mortality [26]. Smoking and 

alcoholism are the main factors that dictate the global distribution of lung cancer. Besides 

treatment with conventional chemotherapy and radiotherapy, dietary supplements can also 

improve the prognosis of both small and non-small cell lung cancer. The anti-cancer activity of 

piperine has attracted researchers to examine its effect on lung cancer cells. Lin et al. [61] have 

shown that piperine exerts a pronounced cytotoxic and apoptotic effect on human lung cancer 

A549 cells by activating caspase-3 and caspase-9 cascades and by inducing p53-mediated cell cycle 

arrest at the G2/M phase. In another study, piperine was shown to alter the epithelial-

mesenchymal transition process by inhibition of the transmission growth factor (TGF-β) signaling 
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pathway, which greatly increased toxicity in the A549 cells [62]. Mice with benzo(a)pyrene-

induced lung cancer showed a marked increase in the amount of lipid peroxidation, protein 

carbonyls, nucleic acid content, and polyamine synthesis; treatment with piperine for 16 weeks 

caused a significant decrease in those parameters, leading to a suppression of cell proliferation 

and decrease in cell damage [63]. By applying the same treatment to an animal model, the authors 

observed that piperine also stimulated the production of detoxification enzymes and reduced DNA 

damage [64].  

6. Piperine and Prostate Cancer 

The antitumor activity of piperine has been tested in prostate cancer, which is a common 

tumor among men and related to significant mortality. Piperine was shown to affect androgen-

dependent (22RV1 and LNCaP) and androgen-independent (PC3 and DU145) prostate cancer cells 

and inhibited cell proliferation, activated caspase-3, thus increasing apoptosis and reduced cell 

migration. The level of PSA (Prostate-Specific Antigen) in LNCaP cells was markedly reduced [65]. 

Treatment of LNCaP and PC-3 cells with piperine caused a concentration-dependent cell cycle 

arrest at the G1 phase and apoptosis [66, 67]. Studies have shown that piperine inhibits the 

migration and proliferation of prostate cancer cells by activating signaling pathways, such as 

mTOR (mechanistic target of rapamycin) and MMP-9 (matrix metallopeptidase-9) [68]. 

7. Piperine and Other Tumors 

The preventive effect of piperine on the more common cancers prompted researchers to study 

its activity on other malignant processes. Studies on the effect of piperine on melanoma cells, 

both in vitro and in animal models, have been published. By treating B16F-10 melanoma cells (that 

produce copious amounts of pro-inflammatory cytokines such as IL-1β. IL-6, TNFα, and GM-CSF) 

with piperine, Pradeep and Kuttan [27] showed that piperine significantly reduced the production 

of these cells. Moreover, piperine inhibited the expression of ATF-2, C-Fos, and CREB, transcription 

factors that are activated in skin tumors. Piperine caused a dose- and time-dependent retardation 

in the growth of SK MEL 28 and B16 FO melanoma cells and induced their apoptosis via cell cycle 

arrest at the G1 phase and activation of the checkpoint kinase 1 (Chk1), respectively [69]. Similar 

results were reported by other investigators [46]. Mice with lung nodules and metastases induced 

by B16F-10 melanoma cells, when treated with piperine, showed a remarkable decrease in the 

number and size of the malignant tissue and an extended survival [70]. Treatment of 

hepatocellular carcinoma cells (HepG2) with piperine caused increased apoptosis due to the 

inhibition of peroxide detoxifying catalase [71]. The effect of piperine on HOS and U2OS 

osteosarcoma cells was favorable. Piperine decreased cell migration by inhibiting the expression 

of matrix metalloproteinase MMP-2 and MMP-9 and suppressed cell proliferation by inducing cell 

cycle arrest at the G2/M phase; several signaling pathways were involved in this process [72]. 

Reduction of the viability of HOS and 143B osteosarcoma cells after treatment with piperine has 

been reported in other in vitro studies [73] and animal models using Sarcoma 180 cells [74]. 

Interestingly, the majority of research on the carcinopreventive effect of piperine has been 

performed in vitro or with animal models [5], although it has been reported that administration of 

20 mg of piperine to eight healthy individuals each morning for six days was well-tolerated [75]. 

Zadorozhna et al. [76] observed the chemopreventive activities of piperine at doses < 250 µg/mL, 
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without any cytotoxicity in normal cells. After reviewing the physiological effects of piperine, 

Srinivasan [77] concluded that its anti-cancer ability was not associated with genotoxicity, a view 

supported by others as well [78]. Based on the favorable effects of piperine mentioned in these 

studies, it is necessary to conduct intensive clinical research to determine whether piperine can be 

used as an adjuvant to anti-cancer drugs.  

In conclusion, the studies presented here support the notion that piperine has anti-cancer 

effects that are associated with the inhibition of the proliferation and mitosis of cancer cells due 

to induced cell cycle arrest, mainly at the G2 phase, through the stimulation of cell apoptosis, 

retardation of cell migration, and prevention of metastases. Additionally, piperine is capable of 

abolishing the resistance of malignant cells to conventional chemotherapeutic agents, and, 

administered along with anti-cancer drugs, piperine has a significant synergistic effect against the 

development and spread of cancer [6]. Notably, its anti-cancer activities are more pronounced 

when it acts with other plant alkaloids, such as curcumin, and may increase the radiosensitivity of 

malignant cells when combined with resveratrol [79]. Based on the above-mentioned studies on 

the novel ways to deliver piperine to malignant cells, along with those that showed that the 

administration of piperine in reasonable doses did not cause any adverse effects on normal (non-

cancerous) cells [80], it is plausible to assume that piperine might serve as safe and efficient 

support to conventional anti-cancer drugs. 
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