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Abstract: Allium cepa (onion) is a bulbous herb renowned for its diverse health 
benefits. This study aims to summarize the anticancer potential of A. cepa through the 
inactivation of the Nuclear Factor kappa-light-chain-enhancer of activated B cells (NF-
κB) pathway by reviewing experimental findings across various cancer models. A 
thorough examination of the literature was carried out using databases like Google 
Scholar, PubMed, Web of Science, and ScienceDirect. The findings revealed that 
phytochemicals such as stigmasterol, fisetin, quercetin, isorhamnetin, morin, 
kaempferol, luteolin, β-carotene, and β-sitosterol exhibit strong anticancer properties 
against various cancers, including breast, bladder, colon, colorectal, cervical, lung, 
liver, oral, pancreatic, and skin cancer, as supported by both in vivo and in vitro studies. 
These phytochemicals primarily exert their anticancer effects by blocking the NF-κB 
signaling pathway. However, further clinical research is needed to investigate its in 
vivo and in vitro study to determine its safety and efficacy in cancer treatment, with a 
focus on optimizing its therapeutic nature. 
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1. Introduction 

Natural products are the chemical substances that are synthesized 
by living organisms (Hasan et al., 2025; Al Hasan et al., 2025; Yana 
et al., 2025). Since the earliest time, natural resources have been 
used as a prime provenance for shelter, food, and therapeutic 
agents, and remarkable research also has been done on 
phytochemicals for the development of new therapeutic substances 
with lower side effects (Sharma et al., 2025; Aktar et al., 2024; Bithi 
et al., 2025). From some evidence, it has been reported that several 
natural products, for instance, polyphenols, alkaloids, flavonoids, 
etc., are used to treat cancer via affecting the expression of nuclear 
factor kappa-light-chain-enhancer of activated B cells (NF-κB). 
However, NF-κB has numerous functions, including injury, 
inflammation, and malignancy. In the term of cancer, its activation 
has been connected to cell survival, proliferation, angiogenesis, and 
invasion. In contrast, natural substances inhibit translocation and 
decrease the LPS-mediated action of NF-κB and suppress the 
degradation of NF-κB inhibitor alpha (IκBα), NF-κB kinase alpha 
(IKKα), and IKK-β (Brown et al., 2008; Chauhan et al., 2022).  

A. cepa is one of the flavonoid materials found in onion and is the 
prime representative genus of the Liliaceae family, which consists 
of over 20 times more quercetin (Kang et al., 2015). It also contains 
other phytochemical compounds such as flavonol quercetin, 
phenolic, etc., and is rich in carbohydrates, proteins, potassium, 
sodium, and phosphorus (Kumar et al., 2013). It has various 
pharmacological effects such as anti-inflammation (Ullah et al., 
2022), anti-hypertensive (Tong et al., 2021), anti-oxidant (Alpsoy et 
al., 2013), anti-thrombotic (Yamada et al., 2004), anti-cancer (Al 
Hasan et al., 2024; Fadholly et al., 2019), anti-diabetic (Jini & 
Sharmila, 2020), etc.  

The aim of this study is to summarize the anticancer mechanism of 
A. cepa through the inactivation of the NF-κB pathway by collecting 
information from previous literature. 

2. Methodology 

2.1. Literature search strategy 

A literature review was conducted in well-established scientific 
databases: PubMed, Google Scholar, Science Direct, Web of Science, 
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etc., using some keywords: Allium cepa, anti-cancer, NF-κB, 
phytochemicals, activity, etc. No language limitations were 
imposed. 

2.2. Inclusion criteria 

The following inclusion criteria were used: 
1. Studies with anticancer actions from several sources. 
2. Studies carried out in vitro, in vivo, or ex vivo with or without 
animals used in experiments. 
3. Studies that include or exclude the mechanism of action. 

2.3. Exclusion criteria 

The following exclusion criteria were used: 
1. Titles and/or abstracts that do not match the requirements of 
inclusion and duplication of data. 
2. Anti-cancer activity, with other research not clarifying the 
present study topic. 

3. Results and discussion 

3.1. Primary phytochemicals 

A. cepa and other plant sources include phytochemicals that have 
strong anticancer properties, mostly by blocking the NF-κB 
signaling pathway (Marefati et al., 2021). For example, in colon 
cancer cell lines (Caco-2, HCT116, and HT29), quercetin and fisetin 
from onions have shown strong anti-proliferative effects at doses 
ranging from 12.5 to 240 μM, with IC50 values as low as 20 μM. 
Similarly, NF-κB inhibition in colorectal, cervical, and oral cancers 
has been demonstrated by crude extracts of onion peel and other 
phytochemicals such as isorhamnetin, stigmasterol, and 
kaempferol etc. Tested in both in vitro and in vivo models, these 
compounds demonstrate the therapeutic potential of 
phytochemicals derived from A. cepa in targeting NF-κB, a crucial 
regulator of inflammation and the progression of cancer. 

3.2. Anticancer mechanism through NF-κB 

The NF-κB signaling pathway plays a crucial role in the cancer 
stage’s progression, such as metastasis, proliferation, and apoptosis 
(Ayaz et al., 2022). Furthermore, this pathway has been associated 
with tumor initiation, progression, and chemotherapy resistance 
(Perkins, 2012; Nakanishi & Toi, 2005). According to a vast amount 
of evidence, NF-κB signaling inhibition could be efficient in 
suppressing tumor development (Fuchs, 2010; Kim et al., 2006). A. 
cepa has a vital part in the treatment of cancer via different 
mechanisms, including NF-κB pathways, and various studies 
recommend that the risk of cancer reduces due to A. cepa (Pareek 
et al., 2017). In our study, stigmasterol from vegetables and fruits 
demonstrated efficacy against breast cancer in MDA-MB-231 and 
MCF-7 cell lines at concentrations ranging from 35–560 μM (Omran 
et al., 2024). Similarly, fisetin from smoke trees and onions showed 
potential against bladder cancer (T24, EJ, and J82 cell lines) and 

colon cancer (HCT116 and HT29 cell lines) at concentrations of 60–
100 μM and 30–240 μM, respectively, with IC50 values of 107.6 μM 
and 43.4 μM for colon cancer (Li et al., 2011; Suh et al., 2009). 
Quercetin, found in onions, exhibited activity against colon cancer 
(Caco-2, SW 620 cell lines) and oral cancer (SAS cell line) at 
concentrations of 12.5-200 μM and 25-400 μM, respectively, with 
IC50 values of 35 μM and 20 μM for colon cancer (Han et al., 2016; 
Zhang et al., 2015; Lai et al., 2013). Isorhamnetin, a metabolite, and 
morin from Ficus carica were effective against colon cancer in HCT-
116 cell lines and male albino Wistar rats at 20–100 μM and 50 
mg/kg, respectively (Jaramillo et al., 2010; Sharma et al., 2018). 
Kaempferol, a natural flavonoid, showed promise against cervical 
cancer (HeLa cell line) with an IC50 of 50 µM (Afroze et al., 2022). 
Luteolin from Lonicera japonica Thunb. and Chrysanthemum 
indicum L. was effective against lung cancer (NCI-H292 cell lines) 
(Lee et al., 2015), while β-carotene from Gracillaria sp. 
demonstrated activity against liver cancer (HepG2 cell line) with an 
IC50 of 10.5 µM (Kavalappa et al., 2019). Ferulic acid from fruits and 
vegetables was effective against oral cancer in male golden Syrian 
hamsters at 40 mg/kg (Manoharan et al., 2014). Fisetin and β-
sitosterol showed potential against pancreatic cancer in AsPC-1 
and MIA-PaCa-2 cell lines at concentrations of 10–80 μM and 100–
500 μM/L, respectively, with IC50 values of 38 μM and 248.6 μM 
(Murtaza et al., 2009; Cao et al., 2019). Isorhamnetin from 
Persicaria thunbergii H. and Elaeagnus rhamnoides (L.) was 
effective against skin cancer (B16F10 cell line) at 10–100 μmol/L 
(Duan et al., 2020). 

Moreover, NF-κB is activated and contributes to increased 
proliferation in colon cancer cells (Sasaki et al., 2001; Wu et al., 
2008; Kang et al., 2008). Besides, NF-κB is an essential inhibitor of 
apoptosis and can give protection to cancer cells induced via TNFα 
from cell death (Luo et al., 2005). The findings of our study 
highlight the potential of A. cepa as anticancer agents through NF-
κB inhibition across various cancer types. The phytochemicals, 
tested in both in vitro cell lines and in vivo animal models, 
consistently inhibited NF-κB, a key pathway regulating tumor 
growth, metastasis, and inflammation, demonstrating their 
potential as effective anticancer agents. Further studies should 
focus on isolating bioactive compounds in A. cepa responsible for 
NF-κB inhibition to enhance targeted cancer treatment. 
Additionally, clinical trials are needed to validate its efficacy and 
safety in human cancer treatment. The anticancer activity of A. cepa 
across various cancers, as reported in the literature, is summarized 
in Table 1, while its possible mechanism of action is illustrated in 
Fig. 1. 

A clinical trial is a research study that tests the safety and 
effectiveness of a new drug in humans, playing a critical role in 
drug discovery by ensuring treatments are safe and beneficial 
before approval (Downing et al., 2014). Clinical trials investigating 

Table 1. Mechanism of NF-κB in anticancer activity of Allium cepa. 

Sources Phytochemi-
cals 

Cancer 
types 

Experimental model/ 
cell lines 

Tested concen-
trations, (R/A) 

IC50 
  

Mechanisms References 

Vegetables 
and fruits 

Stigmasterol Breast 
cancer 

MDA-MB-231 and MCF-
7 cell line, in vitro 

35–560 μM - ↓NF-κB Omran et 
al., 2024 

Smoke tree Fisetin Bladder 
cancer 

T24, EJ and J82 cell 
lines, in vitro 

60–100 μM for 
48 h 

- ↓NF-κB Li et al., 
2011 

Onions Quercetin Colon  
cancer 

Caco-2 cell lines, in vitro 20-100 μM for 
24 h 

- ↓NF-κB Han et al., 
2016 

Red onions Quercetin Colon  
cancer 

Caco-2, SW‑620 cell 
lines, in vitro 

12.5–200 μM for 
24 h 

35 μM, 
20 μM 

↓NF-κB Zhang et al., 
2015 

Onion Fisetin Colon  
cancer 

HCT116, HT29 cell lines, 
in vitro 

30–240 μM for 
24, 48, 72 and 96 
h. 

107.6 
μM, 43.4 
μM 

↓NF-κB Suh et al., 
2009 

https://journals.blrcl.org/index.php/jcid/index
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Sources Phytochemi-
cals 

Cancer 
types 

Experimental  
model/ cell lines 

Tested  
concentrations, 
(R/A) 

IC50 
  

Mecha-
nisms 

References 

An immediate 3’-O-
methylated metabo‑
lite 

Isorhamnetin Colon  
Cancer 

HCT-116 cell line, 
in vitro 

20–100 μM for 
24-48 h 

72 μM  ↓NF-κB Jaramillo et 
al., 2010 

Ficus carica Morin colon  
cancer 

Male albino 
Wistar rats, in 
vivo (n=6) 

50 mg/kg (i.p.) - ↓NF-κB Sharma et 
al., 2018 

Crude extracts of 
onion peel 

  
- 

Colorectal 
cancer 

HT-29, HUVECs 
cell lines, in vitro 

1–100 µg/mL 
  

- ↓NF-κB Pareek et 
al., 2017 

A natural flavonoid Kaempferol Cervical 
cancer 

HeLa cell line, in 
vitro 

1–100 µM for 24 
h and 48 h 

50 µM ↓NF-κB Afroze et 
al., 2022 

Lonicera japonica 
Thunb. Chrysanthe-
mum indicum L. 

Luteolin Lung  
cancer 

NCI-H292 cell 
lines, in vitro 

- - ↓NF-κB Lee et al., 
2015 

Gracillaria sp. β-carotene Liver  
cancer 

HepG2 cell line, in 
vitro 

1 and 5 μM for 
8h 

10.5 
µM 

↓NF-κB Kavalappa 
et al., 2019 

Onions Quercetin Oral  
cancer 

SAS cell line, in 
vitro 

25–400 µM for 
24 h 

- ↓NF-κB Lai et al., 
2013 

Fruits and Vegeta‑
bles 

Ferulic acid Oral  
cancer 

Male golden Syri‑
an hamsters, in 
vivo (n=10) 

40 mg/kg (p.o.) - ↓NF-κB Manoharan 
et al., 2014 

A natural flavonoid Fisetin Pancreatic 
cancer 

AsPC-1 cell lines, 
in vitro 

10–80 μM for 24 
and 48 h 

38 μM ↓NF-κB Murtaza et 
al., 2009 

Bioactive constitu‑
ent present in plants 

β-sitosterol Pancreatic 
cancer 

MIA-PaCa-2 cell 
line, in vitro 

100–500 μM/L 
for 24–72h 

248.6 
μM  

↓NF-κB Cao et al., 
2019 

Persicaria thunbergii 
H. Elaeagnus rham-
noides (L.) 

Isorhamnetin Skin  
cancer 

B16F10 cell line, 
in vitro 

10–100 μmol/L 
for 24 h 

- ↓NF-κB Duan et al., 
2020 

↑: Increase; ↓: decrease; NF-κB: Nuclear Factor kappa-light-chain-enhancer of activated B cells; 

Fig. 1. Possible mechanism of NF-κB in anticancer activity of A. cepa. [This figure illustrates the anticancer mechanisms of A. cepa through the 
inactivation of Nuclear Factor-kappa B (NF-κB). Suppression of NF-κB leads to the downregulation of anti-apoptotic proteins, including B-cell lymphoma 2 
(Bcl-2), B-cell lymphoma-extra-large (Bcl-xL), and Inhibitor of Apoptosis Proteins (IAPs), thereby promoting apoptosis. NF-κB inactivation also decreases 
Cyclin D1, a protein crucial for cell cycle progression, leading to increased cell cycle arrest. Additionally, it reduces the levels of pro-inflammatory cytokines 
such as Tumor Necrosis Factor-alpha (TNF-α), Interleukin-6 (IL-6), and Interleukin-1 beta (IL-1β), thereby limiting tumor growth. Furthermore, NF-κB 
inhibition leads to a decrease in Intercellular Adhesion Molecule-1 (ICAM-1) and Matrix Metalloproteinases (MMPs), which in turn inhibits cell adhesion, 
migration, and invasion. By reducing Vascular Endothelial Growth Factor (VEGF) levels, this natural compound effectively suppresses tumor growth and 
metastasis.] 

Situ et al. 

https://journals.blrcl.org/index.php/jcid/index
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phytochemicals such as stigmasterol, fisetin, quercetin, 
isorhamnetin, morin, kaempferol, luteolin, β-carotene, and β-
sitosterol have shown promising potential in cancer treatment. 
These naturally occurring compounds, found in various plant-based 
foods, have been studied for their ability to modulate key pathways 
involved in cancer progression. For instance, fisetin (100 mg daily) 
has demonstrated efficacy in lowering inflammatory markers in 
colorectal cancer patients (Farsad-Naeimi et al., 2018). 
Furthermore, clinical evidence indicates quercetin (500 mg daily 
for 8 weeks) may reduce inflammation and oxidative stress in 
cancer patients (Askari et al., 2012). Although preclinical studies 
highlight their benefits, well-designed clinical trials are essential to 
assess safety profiles and validate the efficacy of these 
phytochemicals in diverse cancer types. 

4. Conclusion 

To recapitulate, there are various health benefits associated with A. 
cepa. It lessens the cancer risks based on the numerous 
experimental works. Compounds such as quercetin, fisetin, 
isorhamnetin, kaempferol, ferulic acid, luteolin, morin, stigmasterol, 
β-sitosterol, and β-carotene have demonstrated efficacy in 
inhibiting NF-κB across a range of cancer types, including 
colorectal, oral, colon, bladder, pancreatic, skin, cervical, lung, and 
breast cancers. These phytochemicals were tested in both in vitro 
cell lines and in vivo animal models, showing consistent inhibition 
of NF-κB, which is crucial for reducing tumor growth, metastasis, 
and inflammation. The findings suggest that targeting the NF-κB 
pathway with these natural compounds could be a promising 
therapeutic strategy for cancer treatment. However, more evidence 
and documentation of A. cepa are required in terms of clinical trials 
to validate the claims of anti-cancer activity. 
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