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Naringin is a kind of natural dihydro flavone, which mainly exists in citrus fruits of
the Rutaceae family, as well as traditional Chinese medicines such as trifoliate
orange, fingered citron, exocarpium citri grandis, and rhizoma dynamite. Modern
pharmacological studies have shown that Naringin has excellent anti-tumor
activity. Through reviewing the relevant literature at home and abroad in
recent years, we summarized the pharmacological mechanism of Naringin to
play an anti-cancer role in blocking tumor cell cycle, inhibiting tumor cell
proliferation, inducing tumor cell apoptosis, inhibiting tumor cell invasion and
metastasis, inducing tumor cell autophagy, reversing tumor cell drug resistance
and enhancing chemotherapeutic drug sensitivity, as well as anti-inflammatory to
prevent canceration, alleviate Adverse drug reaction of chemotherapy, activate
and strengthen immunity, It provides theoretical basis and reference basis for
further exploring the anticancer potential of Naringin and its further development
and utilization.
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1 Introduction

Cancer poses a great threat to human health and is currently a major global public health
problem and a major cause of disease burden in society. Natural products derived from
plants and animals have a wide range of pharmacological activities (Xiaokaiti and Li, 2020),
among which flavonoids distributed in the plant kingdom have significant anticancer
properties (Nath et al., 2023). Naringin (Nar) is a natural dihydro flavonoid, mainly
found in the skin and flesh of Rutaceae fruits, such as Grapefruit and citrusthe and
herbal medicines such as Fructus Aurantii, Citrus aurantium, Bergamot, Citri Grandis
Exocarpium, Drynariae Rhizoma (Yuan-bao et al., 2018), in addition to antioxidant, anti-
inflammatory, hypoglycemic, lipid-lowering, cardiovascular protection, neuroprotection,
gastrointestinal protection, prevention of osteoporosis and bone damage (Bharti et al., 2014;
Chen et al., 2016), recent domestic and foreign studies have found that also has anti- Cervical
Cancer, Gastric Cancer, Prostate Cancer, Breast Cancer, Colorectal Cancer, Osteosarcoma,
Bladder Cancer, Ovarian Cancer, Melanoma, Glioma, Lung Cancer, Esophageal Cancer,
Thyroid Cancer, Liver Cancer, and many other effects (Figure 1). The anti-tumor
mechanism of Naringin is mainly to block tumor cell cycle, inhibit tumor cell
proliferation, induce tumor cell apoptosis, inhibit tumor cell invasion and metastasis,
regulate autophagy, reverse drug resistance and enhance the sensitivity of chemotherapy
drugs, as well as anti-inflammatory, reduce the adverse reaction of chemotherapy Adverse
drug reaction, activate and strengthen immunity, etc. (Figure 2) in a multi-target, multi-
pathway and multi-level way to deter tumorigenesis and progression by regulating the
relevant dysregulated signaling cascade responses (Xin-rong et al., 2022). It can be seen that
Naringin is a drug candidate with great potential for tumor prevention and treatment, and
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has broad prospects for development and utilization. At present,
there is a lack of generalization and analysis of the molecular targets
and pathways related to the regulation of Naringin in various
tumors. Therefore, this paper reviews the literature on the anti-

cancer mechanism of Naringin in recent years, aiming to provide
some reference for its subsequent development and clinical
application.

2 Blocking tumor cell cycle and
inhibiting tumor cell proliferation

(The cell cycle refers to the basic life activity process of a cell from
the end of the last division to the end of the next division, which is
closely regulated and occurs in an orderlymanner.When the regulation
is disrupted, normal cells will experience uncontrolled growth and can
transform into tumor cells (Liu et al., 2021). The proliferation of cancer
cells is closely related to abnormal cell cycles, and by interfering and
blocking the cell cycle, it can inhibit the continued division and
proliferation of tumor cells (Jamasbi et al., 2022). Signal pathways
are important mechanisms for information transmission within and
between cells, controlling various physiological and pathological
processes of cells (Mohan et al., 2022). A large number of studies
have shown that Naringin can inhibit the proliferation of various tumor
cells and tumor growth in a concentration time dependent manner.
Exploring how Naringin targets to block cell cycle nodes under the
mediation of multiple signal pathways and related molecules to inhibit
tumor cell growth and proliferation is the primary mechanism to reveal
its anti-cancer effect.

2.1 Blocking the cell cycle at various stages

The cell cycle is the basic process of cell proliferation, which
includes four stages: G1, S, G2, and M. Cyclin D1/E (Qie and Diehl,

FIGURE 1
Naringin has broad-spectrum anticancer pharmacological
activity, which can inhibit the occurrence and development of cervical
cancer, gastric cancer, prostate cancer, breast cancer, colorectal
cancer, Osteosarcoma, bladder cancer cancer, ovarian cancer,
Melanoma, Glioma, lung cancer, Esophageal cancer cancer, thyroid
cancer, and liver cancer.

FIGURE 2
The anti-cancer mechanism of Naringin is to inhibit the proliferation of tumor cells by blocking the tumor cell cycle; Inducing tumor cell apoptosis;
Inhibiting tumor cell invasion and metastasis; Inducing autophagy of tumor cells; Reversing tumor cell resistance and enhancing chemotherapy drug
sensitivity; Anti inflammation to prevent cancer; It can reduce Adverse drug reaction of chemotherapy, activate and strengthen immunity.
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2016) is the regulator of cell Cyclin-dependent kinase CDKs (CDK2,
CDK4, CDK6, etc.). The transcription product C-myc (Kim et al.,
2015) encoded by oncogenes, as well as cell cycle inhibitory proteins
p21, p53, p-Rb, etc., are important cell cycle participating factors.

In the study of gastric cancer SNU-1 (Xu et al., 2021) cells and
Cervical cancer C33A, SiHA, HeLa cells (Lin et al., 2020), Naringin
blocked PI3K/AKT pathway and β- Catenin/GSK-3 β Pathways to
reduce the expression of cell cycle survival proteins c-Myc, CDK2,
CDK4, and Cyclin D1, and increase the expression of p21/cip1 and
p27/kip1. According to Erdogan et al. (Erdogan et al., 2018), in
addition to p21 and p27, the expression of p53 in prostate cancer
PCa cells treated with Naringin was also significantly increased,
while the expression of NF kB p53 protein was significantly
decreased; Li et al. (Li et al., 2013) found that Naringin can
regulate Wnt in MDAMB-231 and BT-549 cells of triple negative
breast cancer/β- The catenin pathway upregulates the expression of
p21 protein and downregulates the expression of p-Rb, Cyclin D1,
and Cyclin E. The results of the above four studies all indicate that
Naringin can induce cell cycle arrest in G0/G1 phase. It is reported
that (Liqiong and Na, 2020), Naringin inhibits cyclinD1 in colon
cancer SW620 cells by up regulating the expression of tumor
suppressor gene ARHI and p21 protein; Naringin inhibits the
expression of Cyclin D1 in Osteosarcoma cells MG63 and U2OS
by down regulating the transcription inhibitor Zeb1 (Ming et al.,
2018), which blocks the G1 phase cell cycle to a certain extent, thus
improving the inhibition rate of tumor cell proliferation (Yi et al.,
2018). Kim et al. (Kim et al., 2008) found that Naringin can increase
the expression of p21WAF1/cip1, downregulate cyclin D1/E, CDK2,
CDK4, and induce G1 phase arrest in bladder cancer 5637 cells,
which may be related to the inhibition of Ras/Raf/ERK signaling
pathway. In another observation on the combined use of ovarian
cancer SKOV3/CDDP cells (Zhu et al., 2020), Naringin combined
with cisplatin downregulatedWnt/catenin signaling pathway β- The
expression of catenin, c-Myc, and cyclin D1 prevents cell cycle
progression from G1 phase to S phase. Ramesh et al. identified
cervical cancer SiHA cells (Ramesh and Alshatwi, 2013). Exposure
to the growth inhibitory concentration of Naringin resulted in a
significant increase in the proportion of cells in G2/M phase and a
decrease in cells in G1/S phase, suggesting that Naringin induced cell
cycle arrest in G2/M phase.

2.2 Multiple signaling pathways involved in
inhibiting tumor cell proliferation

Cheng (Cheng et al., 2020a) and Raha (Raha et al., 2020) found that
in colorectal cancer SW620, HCT116 cells and gastric cancer AGS cells,
Naringin inhibits the proliferation of malignant tumor cells by
inhibiting PI3K/Akt/mTOR signaling pathway and down regulating
the phosphorylation level of mammalian Sirolimus target (mTOR);
Similarly, in non-small cell lung cancer A549 and H460 cells
(Zhongyuan et al., 2017), Naringin inhibits the proliferation and
growth of NSCLC cancer lines by downregulating the expression of
the downstream Signaling molecule p70S6K of mTOR1. Bing-yu et al.’s
research onMelanomaA375 cells (Bing-yu et al., 2016) and gliomaU87
(Wei et al., 2020) cells shows that Naringin can reduce the level of
mitotic protein kinase CDK4/CDK6 to inhibit its proliferation; Ruiying
et al. (Rui-ying et al., 2022) found that Naringin inhibits the

proliferation of cervical cancer ME-180 cells by increasing the
expression of miR-628-5p; Zhou et al. (Zhou et al., 2019) showed
that Naringin can also play a role in inhibiting the growth of Thyroid
neoplasm. The above three studies have found that the anti-tumor effect
of Naringin is related to its inhibition of PI3K/AKTpathway. Chen et al.
(Chen et al., 2018) treated non small cell lung cancer H69 cells with
different concentrations of Naringin for 24 h, the results showed that
Naringin could reduce the phosphorylation level of vascular cell
adhesion molecule 1 (VCAM-1 protein) and activate miR-126,
which is related to the regulation of NF in H69 cells- κ The B
signal pathway is related. Guo et al. (Guo et al., 2016) found that
the production of lactic acid and ATP in Melanoma A375 and
A875 cells significantly decreased after the action of Naringin,
suggesting that Naringin can inhibit aerobic Glycolysis and play an
anti proliferative activity. Further research shows that this is due to
Naringin inhibiting the phosphorylation of non Receptor tyrosine
kinase (c-Src), M2 type Pyruvate kinase (PKM2), Lactate
dehydrogenase A (LDHA) and Hypoxia-inducible factor (HIF-1 α)
The expression of glucose is related to the inhibition of glucose
metabolism in A375 and A875 cells. About 80% of breast cancer
tissues highly express estrogen receptor (ER), and Naringin plays an
anti estrogen and anti aromatase activity role by regulating estrogen
signal transduction and aromatase inhibition (El-Kersh et al., 2021),
thereby inhibiting the proliferation of breast cancer cells. Feng et al.
(Feng et al., 2021) observed a significant decrease in p-STAT3/
STAT3 and p-JAK2/JAK2 ratio after Naringin was applied to
esophageal cancer Eca109 cells, suggesting that Naringin blocked the
activation of protein Tyrosine kinase signal transducer/activator of
transcription (JAK/STAT) signal pathway, thereby inhibiting the
proliferation and colony formation of esophageal cancer cells.

To sum up, Naringin mainly inhibits PI3K/AKT/mTOR, NF kB,
Wnt/β-catenin signaling pathways such as catenin, JAK/STAT,
RAS/RAf/ERK, JNK/p38 MAPK, as well as endogenous non
coding single stranded small RNAs (miRNAs), regulate the
expression of cell cycle related factors and proteins such as
Cyclin D1/E, CDKs, c-Myc, and c-Src, thereby inducing cell cycle
arrest at multiple stages, with the G0/G1 phase being the most
common, thereby inhibiting tumor cell proliferation.)

3 Induction of apoptosis in tumor cells

Apoptosis is a programmed and proactive process of cell death
that occurs under a series of complex and finely expressed genes
(D’arcy, 2019). Apoptosis plays an important role in maintaining
body homeostasis and anti-tumor, and inducing tumor cell
apoptosis is the key mechanism of Naringin’s anti-tumor effect.

3.1 Mitochondrial pathway and death
receptor pathway

Ramesh (Ramesh and Alshatwi, 2013) and Banjerdpongchai
(Banjerdpongchai et al., 2016) et al. found that Naringin can induce
apoptosis of cervical cancer SiHa cells and liver cancer HepG2 cells,
and its mechanism is to upregulate the expression of endogenous
promoter caspase-3 and -9, pro apoptotic protein Bax, P53,
downregulate the expression of anti apoptotic protein Bcl xL, and
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induce apoptosis through the mitochondrial pathway; Upregulate
the expression of Transmembrane protein Fas, its adaptor protein
FADD, and endogenous promoter caspase-8, and induce cell
apoptosis through death receptor pathway. Naringin can also
inhibit the expression of mTOR in gastric cancer AGS cells
(Raha et al., 2020), upregulate the expression of Bad, and
downregulate the expression of Bcl xL, resulting in mitochondrial
dysfunction, and then promote AGS apoptosis. Zeng et al. (Zeng
et al., 2014) confirmed that Naringin inhibits NF- κ Activation of
B/COX-2-caspase-1 pathway and downregulation of NF- κ The
expression of Bp65, COX-2 and Cysteine protease 1 (caspase-1)
upregulates the expression of cleaved caspase-3, thus inducing death
receptor mediated apoptosis of cervical cancer HeLa cells. Further
research by Wenjing et al. (Wen-jing et al., 2016) suggests that
inhibiting HeLa growth by downregulating the relative expression of
cyclooxygenase-2 (COX-2) may be its basic mechanism of action.

3.2 Endoplasmic reticulum pathway

Albayrak,Weili and others found that Naringin can induce reactive
oxygen species (ROS) mediated Endoplasmic reticulum stress and
activate PERK/eIF2 α/The ATF4/CHOP axis upregulates Bax and
downregulates the level of B-lymphomatoma-2 gene (Bcl-2), thereby
promoting apoptosis in colon cancer HT29 cells (Albayrak et al., 2021)
and thyroid cancer B-CPAP cells (Li et al., 2022). Apoptosis of cervical
cancer CC cells (C33A, SiHa and HeLa) also depends on Endoplasmic
reticulum stress (Lin et al., 2020). By increasing the expression levels of
apoptosis related proteins CHOP, PARP1 and caspase-3, eIF2 α
Phosphorylation, activation of eIF2 α.

3.3 Regulation of miRNAs

Micro RNAs (miRNAs) are a class of non coding single stranded
RNA molecules that participate in the post transcriptional level of
Regulator gene expression and have functions such as regulating
tumor cells, proliferation and apoptosis (He et al., 2020). Zhang et al.
(Zhang et al., 2017; Yong-hui et al., 2021) verified that Naringin can
directly inhibit its target gene KIAA1199 by increasing the
expression of miR-216a, thereby promoting apoptosis of CRC
cells in colorectal cancer. Yang Ruiying et al. (Rui-ying et al.,
2022) proposed that Naringin can also promote the expression of
Bax protein, reduce the expression of Bcl-2 and inhibit the apoptosis
of cervical cancer ME-180 cells by up regulating miR-628-5p.

3.4 Multiple signaling pathways involved in
inducing tumor cell apoptosis

In esophageal cancer Eca109 cells (Feng et al., 2021), Naringin
can upregulate the expression levels of BAX, Cytochrome c oxidase
(CytC), caspase-3 and -9, downregulate the expression of Bcl2,
inhibit the JAK/STAT signaling pathway, and promote the
apoptosis of Eca109 cells. Several studies have reported that
Naringin can upregulate the expression of Caspase-3, cleaved
Caspase-3 and Bax in thyroid cancer TPC-1 and SW1736 (Zhou
et al., 2019), glioma U87 (Wei et al., 2020), and gastric cancer SUN-1

cell (Xu et al., 2021), and downregulate the expression of survivin
and Bcl-2, thereby inducing cell apoptosis, by inhibiting the
activation of PI3K/AKT pathway. Naringin inhibits PTEN/Akt
signaling pathway through (Zhu et al., 2020), reduces the
expression levels of Bcl-2, Bcl xL and survivin proteins, and
increases the levels of caspase-3 and caspase-7, thereby inducing
apoptosis of ovarian cancer SKOV3 cells. In Melanoma A375 and
A875 cells (Guo et al., 2016), Naringin inhibits the phosphorylation
of non Receptor tyrosine kinase c-Src, downregulates the expression
of Bcl2, upregulates the expression of caspase-3 and Bax, and exerts
apoptosis inducing activity by blocking the c-Src/AKT signaling
pathway; In lung cancer H1299 cells (Xuemei et al., 2018), Naringin
also plays a role in promoting apoptosis by regulating AKT signaling
pathway, reducing Bcl2, and increasing caspase-3 and Bax levels. In
addition, Kuang Liqiong et al. (Liqiong and Na, 2020) believe that
the mechanism of Naringin promoting apoptosis of colon cancer
SW620 cells is related to the regulation of the tumor suppressor gene
ARHI. Naringin increases the expression of Bax and reduces the
expression of Bcl-2 by increasing the level of ARHI.

In summary, Naringin induced apoptosis in tumor cells mainly
by regulating the Caspase family (Caspase-1, -3, -7, -8, -9, etc.) and
Bcl-2 family (Bcl-2, Bcl-xL, Bax, Bad, etc.), and its mechanism of
action was related to the regulation of 3 basic pathways
(mitochondria, endoplasmic reticulum, death receptors),
inhibition of JAK/STAT pathway, Akt related pathway, CHOP
related pathway, regulation of microRNAs (miR-216a, miR-628-
5p), and regulation of the expression of apoptosis-related factors and
proteins (survivin, P53, Fas, COX-2, CytC, etc.).

4 Inhibition of tumor cell invasion and
metastasis

Invasion and metastasis of tumor cells means that tumor cells
leave the primary focus, break through the Basement membrane and
infiltrate into the surrounding stroma along the tissue gap; With the
continuous growth of the invasive tumor, metastasis begins to occur.
The dropped cancer cells enter the lumen through capillaries/
Lymphatic vessel and are transported to the far side with
circulation, or are directly planted and disseminated, and
continue to proliferate in the secondary area to form a metastatic
focus. Inhibition of tumor invasion and metastasis is one of the
important anti-cancer mechanisms of Naringin.

Epithelial mesenchymal transition (EMT) refers to the process
of epithelial cells transforming into mesenchymal phenotype cells,
which is considered the initial cause of tumor invasion and
metastasis (Mittal, 2018). The cadherin family is mainly involved
in stabilizing intercellular connections and is a key factor in EMT
(Cao et al., 2019). EMT is also closely related to changes in miRNA
(Pan et al., 2021) and microenvironment (Aggarwal et al., 2021).

Naringin can inhibit the invasion and migration of colorectal
cancer cells HCT116 and LOVO by inhibiting miR-216a and
regulating the expression of CEMIP protein below its direct
target KIAA1199 (Zhang et al., 2017); It can promote the
expression of E-cadherin and reduce N-cadherin by regulating
the miR-628-5p pathway, thereby blocking EMT and inhibiting
the invasion and metastasis of cervical cancer ME-180 cells (Rui-
ying et al., 2022). In addition, in thyroid cancer B-CPAP cells,
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Naringin regulates PERK/eIF2 α/ATF4/CHOP axis can upregulate
the expression of E-cadherin and downregulate the expression of
N-cadherin and Vimentin, which can significantly inhibit tumor cell
metastasis and invasion (Li et al., 2022). According to Erdogan’s
report (Erdogan et al., 2018), Naringin also inhibits the expression of
zinc finger protein transcription factor Snail and basic helix loop
helix transcription factor Twist by inhibiting NF kB/ERK signaling
pathway, hindering the EMT process, so as to weaken the invasion
and migration of prostate cancer DU145 and PC3 cells.

The change of microenvironment has a significant impact on
EMT. The degradation of extracellular matrix and Basement
membrane, which constitute the microenvironment, is a key link
in tumor invasion and metastasis (Taki et al., 2021). Matrix
metalloproteinase (MMPs) are enzymes responsible for degrading
extracellular matrix, of which MMP2 and MMP9 play a prominent
role (Abdel-Hamid and Abass, 2021). The research of Guo and
Wang Wei et al. shows that Naringin can significantly reduce the
expression of its downstream signal MMP2 and MMP9, and inhibit
the migration and invasion potential of Melanoma A375 cells and
glioma U87 by inhibiting the phosphorylation of c-Src (Guo et al.,
2016) and inhibiting the PI3K/AKT pathway (Wei et al., 2020),
respectively. In addition, Aroui et al. (Aroui et al., 2016) observed
that in addition to the decreased expression and activity of MMP-2
and MMP-9, the expression level of TIMP-1/2 was significantly
increased in Glioblastoma U251 cells, which was related to the
inactivation of p38 signaling pathway by Naringin. Angiogenesis is
the source of oxygen and nutrition needed for tumor survival and an
important channel for tumor proliferation and metastasis. As one of
the most important angiogenic factors, VEGF can promote the
expression of p-VEGFR2 protein, induce the degradation of
Basement membrane (Shah et al., 2021), and produce some key
enzymes and proteins such as MMPs, MIC, uPA and TTPA. These
enzymes and proteins can promote the migration and invasion of
endothelial cells (Hua-ying and Debing, 2012). In addition, in his
research on Glioblastoma U-87 cells (Aroui et al., 2020), he also
found that Naringin inhibits VEGF induced VEGFR2 production by
blocking ERK-P38-JNK signaling pathway, and downregulates the
expression of endothelial cell markers CD31 and CD105 mRNA,
suggesting that Naringin has a certain impedance effect on glioma
angiogenesis.

In summary, Naringin mainly inhibits the invasion and
metastasis of tumor cells by regulating invasion and migration-
related factors and proteins such as MMP-2 and MMP-9, Snail/
Twist, N-cadherin/E-cadherin, and Vimentin, and thus regulates
related miRNAs, thereby inhibiting the EMT process. Its mechanism
is related to the inhibition of signaling pathways such as c-Src, NF-
kB/Akt/ERK, and ERK-P38-JNK.

5 Induction of autophagy in tumor cells

Cellular autophagy is a molecular regulation related to
autophagy that relies on degradation mechanisms and uses
lysosomes to remove their own damaged, degenerated, or
senescent components in order to maintain normal cell growth
and homeostasis (Hong and Rong-guang, 2016). Autophagy reduces
tumorigenicity based on waste removal, structural reconstruction,
immune protection, and suppression of cellular stress responses

(Maiuri et al., 2007). Induction of autophagy in tumor cells is one of
the mechanisms by which Naringin exerts its antitumor effects.

The autophagy-related proteins LC3 and p62 (Jiang and
Mizushima, 2015), and the yeast Atg6 homolog (Beclin-1) (Xu
and Qin, 2019), a key molecule in autophagy, are key factors in
the autophagic process. Beclin-1 is involved in the formation of
autophagosomal membranes and can effectively activate the
initiation of autophagy; p62 plays an important regulatory role in
the autophagic process and can perform autophagic degradation by
binding to ubiquitinated proteins; and LC3 is the key to determining
whether autophagy is activated. Bad et al. BH3-only pro-apoptotic
proteins can release Beclin-1 by competitively binding to the anti-
apoptotic factor Bcl-2/Bcl-xL, thus inducing autophagy in cells
(D’arcy, 2019). MTOR is considered to be the most typical
negative regulator of autophagy, PI3K/Akt/mTOR, and is usually
activated in cancer cells (Wang and Zhang, 2019).

Raha et al. (2015). observed cytoplasmic vesicle and
autophagosome formation in naringenin-treated AGS cells and
found that naringenin-induced autophagy in gastric cancer AGS
cells by activating the MAPK pathway, downregulating the cascade,
and upregulating the autophagy proteins Beclin-1 and LC3B and
phosphorylated mitogen-activated protein kinases (MAPKs). In
addition, he also found in another study (Raha et al., 2020) that
Naringin activates the p38/MAPKs pathway mediated by reactive
oxygen species (ROS), and releases the lysosomal protein hydrolase
Cathepsin D, upregulates Bad, ERK1/2 protein expression, which in
turn triggers lysosomal membrane permeability (LMP)-mediated
lysosomal cell death and induces autophagy. In gastric cancer SNU-
1 cells, Naringin similarly activated autophagy in gastric cancer SNU-1
cells by inhibiting the PI3K/AKT signaling pathway, upregulating the
expression of LC3B and Beclin-1 and downregulating the expression of
p62 (Xu et al., 2021).

In summary, Naringin contributes to autophagy factor-
dependent cell death and LMP-mediated lysosome-dependent cell
death mainly through upregulation of autophagy-related proteins
Beclin 1, LC3B, and Bad, and downregulation of p62 and mTOR
protein expression, and its mechanism of action is related to the
inhibition of PI3K/AKT and p38/MAPKs pathways.

6 Reverse tumor cell drug resistance
and enhance chemotherapy drug
sensitivity

Currently, chemotherapy is still the main method for treating
malignant tumors, but because cancer cells are prone to develop
resistance to chemotherapeutic drugs, it often leads to reduced
efficacy or even treatment failure (Nussinov et al., 2021).
Reversing drug resistance of tumor cells and improving their
sensitivity to chemotherapeutic drugs is one of the key
mechanisms by which Naringin exerts its anticancer effects.

NF-κB activity is significantly negatively correlated with drug
sensitivity, and the NF-κB signaling pathway is an important
pathway mediating drug resistance in tumor clusters (Mortezaee
et al., 2019). In addition, the ABC transporter protein family is
closely associated with multi-drug resistance (MDR), the most
representative of which is the multidrug resistance protein
P-glycoprotein (P-gp), multidrug resistance-associated protein
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(MRP), whose overexpression or increased activity can lead to the
development ofMDR (Ya-qiong et al., 2016). According to Zhu et al.
(2020), Naringin partially reversed the expression of platinum drugs
such as cisplatin in ovarian cancer SKOV3/CDDP cells by down-
regulating the expression of P-gp protein, epoxygenase-2 (COX-2),
down-regulating the expression of drug resistance genes
MDR1 mRNA, MRP2 mRNA, and MRP2 protein, reducing
intra-tumor cellular chemotherapeutic drug efflux, and increasing
drug concentration The reversal mechanism was related to the
blockade of NF-κB signaling pathway. A study by Mei-ying et al.,
2019 showed that Naringin increased the uptake of cisplatin and
decreased its efflux and sensitivity to cisplatin in lung-cancer
resistant strain A549/DDP cells by upregulating Bax expression
and downregulating P-gp, MRP1, p-Akt, and chemokine receptor
CXCR4 protein levels. Erdogan (Erdogan et al., 2018) found that the
use of Naringin and paclitaxel combination therapy significantly
enhanced the cytotoxic effect of paclitaxel on prostate cancer (PC)
DU145 and PC3 cells and LNCaP cells. All of these suggest that
Naringin can enhance the sensitivity of tumor cells to platinum
drugs and paclitaxel, and has good sensitizing properties.

In conclusion, Naringin mainly inhibits the signaling pathways
such as Akt/NF-κB by down-regulating the expression of drug
resistance gene MDR mRNA and related proteins P-gp and MRP,
thus reversing the resistance of tumor cells to chemotherapeutic drugs,
and its combination with chemotherapeutic drugs can significantly
enhance the sensitivity of cancer cells to the drugs.

7 Others

7.1 Anti inflammation can prevent the
occurrence of cancer

A variety of cytokines are involved in the inflammatory
response, and the persistent inflammatory stimuli can damage
the body tissues and disrupt the homeostasis in the body, and
participate in the construction of the tumor microenvironment
by altering the homeostasis in the tumor tissues, which has a
significant pro-cancer effect (Denk and Greten, 2022). Therefore,
anti-inflammation is also one of the mechanisms of action by which
Naringin exerts its anticancer pharmacological activity.

Under the stimulation of chronic inflammation and intracellular
infection, NF-κB, the primary response to oxidative stress, is
activated and cyclooxygenase-2 (COX-2) containing its binding
site is increased (Jia-jie and Bei-cheng, 2014). In a male C57BL/
6 mouse model (Zhang et al., 2016), Naringin decreased interleukin-
6 (IL-6) secretion by inhibiting the NF-κB/IL-6/STAT3 pathway,
downregulated the expression of COX-2, myeloid-derived
suppressor cells (MDSCs), proinflammatory mediators GM-CSF/
M-CSF, and tumor necrosis factor-α (TNF-α), and increased the
number of macrophages, CD4+ T and CD8+ T cells thereby slowing
down the growth of colitis and colorectal adenoma cells and
reducing the possibility of carcinogenesis. In another study on
adenomatous colorectal polyposis (ApcMin/+) male mice (Zhang
et al., 2018), Zhang et al. found that Naringin also inhibited the
activity of the above pro-inflammatory mediators and factors
through inhibition of GSK-3β/APC/β-catenin pathway for the
prevention and treatment of intestinal tumors.

7.2 Mitigation of chemotherapeutic drug
adverse reactions

The use of chemotherapeutic agents is usually inevitably
accompanied by systemic or local adverse reactions (Zraik and
Hess-Busch, 2021). Liu et al., 2017 showed that the combination
of adriamycin and Naringin was more effective in inhibiting the
growth of cervical cancer HeLa cells and promoting apoptosis of
HeLa cells in vitro and in vivo (5–6 week-old female thymus-free
nude mice). Compared with the adriamycin regimen alone, the
combination of Naringin resulted in a significant reduction in
anthracycline antitumor drugs The rapid weight loss and cardiac
and hepatic, and renal toxicity caused by Naringin were significantly
reduced. Elsawy H et al. (Elsawy et al., 2020) showed that Naringin
can significantly reduce methotrexate induced serum alanine
Transaminase (ALT), Aspartic acid Transaminase (AST),
Alkaline phosphatase (ALP) and total bilirubin (TBIL) levels,
reduce methotrexate induced liver Interleukin 6 (IL-6) and tumor
necrosis factor-a (TNF-a) production, and also reduce liver
Malondialdehyde (MDA) and nitric oxide (NO) content, Increase
the contents of Superoxide dismutase (SOD), Catalase (CAT),
Glutathione peroxidase (GPx), Glutathione reductase (GR) and
glutathione (GSH) to alleviate the oxidative stress induced by
methotrexate. Gelen et al., 2018 found that compared with the
Naringenin+5-fluorouracil (5-FU) group, the serum creatinine (Cr)
and Blood urea nitrogen (BUN) of the rats treated with 5-fu alone
were significantly increased, and the hepatocytes in the surrounding
area of the center were necrotic. It is suggested that Naringin can
improve the liver and kidney injury induced by chemotherapy
drugs, and has a protective effect on liver and kidney.

7.3 Enhancement and activation of immunity

The immune system has the functions of supervision, defense
and regulation. It can detect the specific antigen expressed by tumor
cells, recognize and kill tumor cells by activating and activating
specific immune cells, and effectively inhibit the growth and spread
of tumors (Wu et al., 2021). In addition, the immune system can
further mediate the implementation of anti-tumor therapy, thereby
improving anti-tumor efficacy. A weak immune system can reduce
resistance to pathogens.

The induction of immune response depends on the activity of
Antigen-presenting cell (APCs), such as a large number ofmacrophages
in the spleen, lymph nodes and lymph sinuses. It has been proved that
macrophages under the CD169 positive envelope preferentially
participate in antigen presentation and anti-tumor immune response
(Gasteiger et al., 2016). Fujiwara et al. measured the effect of 50 natural
compounds on the expression of CD169 in macrophages, and found
that five compounds enhanced the expression of CD169, especially
Naringin. They conducted experiments in vitro and in vivo, and found
that Naringin can induce lymph node macrophages to activate into
CD169 positive phenotype, fully upregulate the expression of CD169 in
macrophages, thereby enhancing anti-tumor immunity (Fujiwara et al.,
2018). Another study showed that after taking citrus juice containing
Naringin and Naringenin for 2 weeks, lymphocytes in the human body
proliferated significantly, and the activity of Natural killer cell was
significantly improved (Miles and Calder, 2021). The above results

Frontiers in Pharmacology frontiersin.org06

He and Zhang 10.3389/fphar.2023.1217001

https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2023.1217001


TABLE 1 Anti-tumor action and mechanism of action of Naringin.

Pharmacological action Cell/Animal model Mechanism of action

Blocking the tumorcell cycle and Inhibiting the tumorcell
proliferation

Cervical Cancer C33A, HeLa (Lin et al., 2020), Stomach
Cancer SNU-1 (Xu et al., 2021)

Inhibit PI3K/AKT, β-catenin/GSK-3β pathway; ↓c-Myc,
Cyclin D1, CDK2, CDK4; ↑p21/cip1, p27/kip1; G0/
G1 phase block

Prostate Cancer PCa (Erdogan et al., 2018) Inhibit NF-kB pathway; ↓p50, ↑p21, p27, p53; G0/
G1 phase block

Triple-negative breast cancer MDAMB-231, BT-549 (Li
et al., 2013)

Regulate the Wnt/β -catenin pathway; ↑p21, ↓p-Rb,
Cyclin D1, Cyclin E; G0/G1 phase block

Breast Cancer (El-Kersh et al., 2021) Antiestrogenic and Inhibit-aromatase activity

Colon and Rectal SW620 (Cheng et al., 2020a; Liqiong
and Na, 2020)

Inhibit PI3K/AKT/mTOR pathway; ↓p-mTOR,
CyclinD1, ↑ARHI, p21

Osteosarcoma MG63, U2OS (Ming et al., 2018) ↓Zeb1, ↓Cyclin D1; G1 phase block

Bladder Cancer 5637 (Kim et al., 2008) Inhibit Ras/Raf/ERK pathway, ↑p21WAF1/cip1 ↓cyclin
D1/E, CDK2, CDK4; G1 phase block

Osteosarcoma MG63, U2OS (Yi et al., 2018) ↓Zeb1, ↓Cyclin D1; G1 phase block

Ovarian Cancer SKOV3/CDDP (Zhu et al., 2020) Inhibit Wnt/catenin pathway; ↓β-catenin, c-Myc,
cyclin D1

G1/S phase block

Cervical Cancer SiHA (Ramesh and Alshatwi, 2013) G2/M phase block

Colon and Rectal HCT116 (Cheng et al., 2020a),
Stomach Cancer AGS (Raha et al., 2020)

Inhibit PI3K/AKT/mTOR pathway, ↓p-mTOR

Triple-negative breast cancer (Raha et al., 2020) Regulate Wnt/β-catenin pathway

NSCLC Lung CancerA549, H460 (Zhongyuan et al.,
2017)

Inhibit PI3K/AKT/mTOR pathway, ↓p-mTOR,↓p70S6K

Melanoma A375 (Bing-yu et al., 2016) Inhibit c-Src/AKT pathway; ↓PKM2, LDHA, HIF-1α;
Inhibit aerobic glycolysis

Glioblastoma U87 (Wei et al., 2020) ↓CDK4/CDK6

Cervical Cancer ME-180 (Rui-ying et al., 2022) ↑miR-628–5p

Non-small cell lung cancer H69 (Chen et al., 2018) Regulate NF-κB pathway, ↓VCAM-1, ↑ miR-126

Melanoma A875 (Guo et al., 2016) Inhibit c-Src/AKT pathway; ↓CDK4/CDK6, ↓PKM2,
LDHA, HIF-1α; Inhibit aerobic glycolysis

Esophageal cancer Eca109 (Feng et al., 2021) Inhibit the JAK/STAT pathway,↓p-STAT3/STAT3, ↓p-
JAK2/JAK2

Inducing tumor cell apoptosis Stomach Cancer AGS (Raha et al., 2020) The mitochondrial pathway; ↓mTOR, Bcl-xL; ↑Bad

Cervical Cancer ME-180 (Rui-ying et al., 2022) ↑miR-628–5p, Bax; ↓Bcl-2

Thyroid Cancer TPC-1, SW1736 (Zhou et al., 2019);
glioma U87 (Wei et al., 2020), Stomach Cancer SUN-1
(Xu et al., 2021)

Inhibit PI3K/AKT pathway, ↑Caspase-3, cleaved
Caspase-3, Bax; ↓survivin, Bcl-2

Melanoma A375, A875 (Guo et al., 2016) Inhibit c-Src/AKT pathway, ↓Bcl2, ↑caspase-3, Bax

Esophageal cancer Eca109 (Feng et al., 2021) ↑BAX, CytC, caspase-3, -9, ↓Bcl2, Inhibit JAK/STAT
pathway

Cervical Cancer SiHa (Ramesh and Alshatwi, 2013),
Liver Cancer HepG2 (Banjerdpongchai et al., 2016)

The mitochondrial pathway; ↑caspase-3, caspase-9, Bax,
P53↓Bcl-xL; The death receptor pathway; ↑Fas, FADD,
caspase-8

Cervical Cancer HeLa (Zeng et al., 2014) ↓NF-κB p65, COX-2, caspase-1; ↑cleaved caspase-3

Colon Cancer HT29 (Albayrak et al., 2021), Thyroid
Cancer B-CPAP (Li et al., 2022)

ROS-mediated ER stress; activate PERK/eIF2α/ATF4/
CHOP pathway, ↑Bax, ↓Bcl-2

(Continued on following page)
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suggest that Naringin has an obvious enhancement and activation effect
on the immune system.

The antitumor effects and mechanism of action of Naringin are
summarized below. See Table 1.

8 Discussion and outlook

(Natural compounds are chemical substances that exist in nature
and are produced by organisms such as animals, plants, and

microorganisms. There are many types and quantities of natural
compounds, which usually have rich structural diversity, biological
activity, and pharmacological activity. In addition, compared to other
synthetic drugs, natural compounds have a shorter average half-life and
higher biodegradability; It does not directly compete with synthetic
compounds and can usually be used as a supplement or reference for
synthetic drugs or chemicals; It is more biocompatible to the human
body and has fewer serious side effects. At present, manyChinese herbal
monomer compounds have been used in the research, development and
treatment of antibiotics, anti-cancer drugs, cardiovascular drugs, etc.,

TABLE 1 (Continued) Anti-tumor action and mechanism of action of Naringin.

Pharmacological action Cell/Animal model Mechanism of action

Cervical Cancer C33A (Lin et al., 2020) Endoplasmic reticulum pathway; ↑CHOP, PARP1,
caspase-3, activate eIF2α, ↑miR-628–5p, Bax, ↓Bcl-2

Ovarian Cancer SKOV3 (Zhu et al., 2020), Lung Cancer
H1299 (Xuemei et al., 2018)

Inhibit PTEN/Akt pathway, ↓Bcl-2, Bcl-xL, survivin;
↑caspase-3, caspase-7

Colon Cancer SW620 (Liqiong and Na, 2020) Regulate AKT pathway, ↓Bcl2, ↑caspase-3, Bax; ↑ARHI,
Bax; ↓Bcl-2

Inhibit invasion and metastasis Colon and Rectal HCT116, LOVO (Albayrak et al.,
2021)

Inhibit miR-216a, ↓KIAA1199,↓CEMIP

Thyroid Cancer B-CPAP (Li et al., 2022) Regulate PERK/eIF2α/ATF4/CHOP, ↑E-cadherin, ↓N-
cadherin, Vimentin

Melanoma A375 (Guo et al., 2016) Inhibit c-Src/PI3K/AKT pathway, ↓MMP2, MMP9

Cervical Cancer ME-180 (Rui-ying et al., 2022) Regulate miR-628–5p pathway, ↑E-cadherin, ↓N-
cadherin, hinder EMT

Prostate Cancer DU145, PC3 (Erdogan et al., 2018) Inhibit NF-kB/ERK pathway, ↓Snail, Twist, hinder EMT

Glioblastoma U251 (Aroui et al., 2016) Inactivate p38 pathway, ↓MMP-2, MMP-9, ↑TIMP-1/2

Glioblastoma U87 (Aroui et al., 2020) Inhibit ERK/P38/JNK pathway, ↓VEGFR2, ↓CD31,
CD105mRNA, anti-angiogenic

Induce autophagy of tumor cells Stomach Cancer AGS (Raha et al., 2015) Activate MAPK pathway, Inhibit PI3K/Akt/mTOR
pathway, ↑Beclin-1, LC3B, MAPKs

Stomach Cancer SNU-1 (Xu et al., 2021) Activate ERK/p38 pathway,↑Cathepsin D, ↑BH3-only
Bad, ERK1/2, induce LMP mediated lysosomal cell
death; Inhibit PI3K/AKT pathway, ↑LC3B, Beclin-
1, ↓p62

Reverse tumor cell drug resistance and increase
sensitization

Ovarian cancer SKOV3/CDDP (Zhu et al., 2020) Inhibit NF-κB pathway, ↓P-gp, COX-2 ↓MDR1 mRNA,
MRP2 mRNA, MRP2

Prostate Cancer DU145, PC3, LNCaP (Erdogan et al.,
2018)

Enhance the cytotoxic effects of paclitaxel

Lung Cancer persister A549/DDP (Mei-ying et al., 2019) ↑Bax, ↓P-gp, MRP1, p-Akt, CXCR4

Anti-inflammatory C57BL/6 Male mousemodel (Zhang et al., 2016) Inhibit NF-κB/IL-6/STAT3 pathway, ↓COX-2, MDSCs,
GM-CSF/M-CSF, TNF-α; ↑ macrophage, CD4+T, And
CD8 + T cell number

(ApcMin/+)Male mouse model (Zhang et al., 2018) Inhibit GSK-3β/APC/β-catenin pathway, ↓Cox-2, TNF-
α, PGE2; ↓IL-6

Reduce adverse reactions Cervical Cancer HeLa (Liu et al., 2017) Improve weight loss, reduce cardiotoxicity, hepatorenal
toxicity ↓ALT、AST、ALP、TBIL; ↓IL-6、TNF-a;
↓MDA、NO; ↑ SOD、CAT、GPx、GR、GSH;
↓Cr、BUN

Liver tissue of Male albino rats (Elsawy et al., 2020)

Liver and kidney tissues of male adult Sprague-Dawley
rats (Gelen et al., 2018)

Enhance and activate immunity Human monocyte-derivedmacrophages, The C57BL/
6 n mouse (Fujiwara et al., 2018)

Activate lymph node CD169 positive macrophages, ↑
CD169
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such as Flavonoid, terpenes, polysaccharides, alkaloids, etc. (Wang et al.,
2021). Researchers are constantly looking for new anti-tumor drug
candidates or chemicals from them, and expanding the field of anti-
tumor Drug development and chemical research (Wen et al., 2021).
Naringin is one of the natural dihydro Flavonoid (Alam et al., 2022), its
Molecular formula is C27H32O14, its relative molecular weight is
580.54 g/mol, chemically 4′, 5,7-trihydroxyflavanone-7-
rhamnoglucoside; Naringenin is the aglycone of Naringin (Motallebi
et al., 2022), which forms a glycoside with Neohesperidose at position 7.
In many studies, Naringin and Naringenin have been proved to have
multiple effects such as anti-tumor (Rauf et al., 2022), anti-
inflammatory and antiviral (Tutunchi et al., 2020), antioxidant,
hypoglycemic (Blahova et al., 2021), cholesterol (Wang et al., 2020),
gastrointestinal protection (Cao et al., 2018), prevention and treatment
of bone injury (Ge and Zhou, 2021), neuroprotection (Emran et al.,
2022), antidepressant (Hernández-Vázquez et al., 2022), cardio cerebral
protection (Moghaddam et al., 2020), and are effective, safe, and well
tolerated biological Flavonoid.

8.1 Advantages and characteristics of
naringin

Compared with other flavonoids, Naringin has obvious advantages.
First of all, as mentioned above, Naringin and its aglycone have very
extensive and comprehensive effects, which is a treasure house with
great potential worth tapping; Secondly, from the perspective of
pharmacokinetics, some widely studied traditional Chinese medicine
monomers with anti-tumor activity, such as Curcumin (Feng et al.,
2017a), Baicalin (Huang et al., 2019), Quercetin (Alizadeh and
Ebrahimzadeh, 2022), have poor water solubility, low absorption
rate, low bioavailability, fast metabolism and systemic clearance, and
their effectiveness is limited. After Naringin is taken orally into the
intestinal tract, it will basically undergo deglycosylation reaction and
metabolize to Naringenin under the effect of Gut microbiota, It is
rapidly absorbed into the bloodstream through the intestinal wall and
can be detected in plasma within 5 min. Its presence can be detected in
all organs except for brain tissue, and it is widely distributed in the body
(Pei-bo et al., 2020), indicating that it can efficiently exert therapeutic
effects throughout the body. Naringin has hepatointestinal circulation,
which not only improves the utilization rate, but also prolongs the
duration of its action. In addition, Naringin has its own uniqueness
(Yang et al., 2022), for example, Apigenin (Singh et al., 2022) and
Curcumin (Stanić, 2017) basically regulate the production of cytokines
at the transcriptional level, while Naringin not only inhibits the
expression of cytokines mRNA, but also promotes the degradation
of Lysosome dependent cytokines, providing a new idea for anti
inflammation and strengthening immune regulation. Naringin can
enhance the absorption of colchicine (Dahan and Amidon, 2009),
strengthen the lipid-lowering effect of Atorvastatin (Sama et al.,
2019), increase the uptake of cisplatin (Mei-ying et al., 2019) and
paclitaxel by cancer cells (Choi and Shin, 2005), and reduce the efflux of
anti-tumor drugs by regulating P-gp; It is suggested that Naringin can
improve the biological activity of drugs and can be used as a drug
enhancer. It is reported that the effect of Naringin on drug
accumulation after high-fat diet and repeated administration is not
significant (Bai et al., 2020); In acute, chronic and subchronic toxicity
studies, no incidence rate, mortality and toxicology related events were

observed during the administration period or in the recovery period
after administration (Li et al., 2020); At present, no research has proved
that pure Naringin, Naringenin or their food sources have adverse
effects on human body (Pei-bo et al., 2020). All these show that
Naringin is well tolerated, safe and reliable.

8.2 Development prospect of naringin in
anti-tumor field

In combination with the characteristics and advantages of
Naringin, Naringin has a broad development prospect in the field
of anti-tumor and has great potential.

8.2.1 Anti tumor potential
Naringin has been shown in laboratory and preclinical studies to have

a clear inhibitory effect on a variety of tumor cells and a broad spectrumof
anti-cancer effects. The anti-tumor mechanism of Naringin is closely
related to multiple signal pathways and targets. They are involved in the
whole process of tumor cell growth and death inmultiple forms, multiple
links, and all directions. They precisely regulate cell cycle, proliferation
and apoptosis, invasion and migration, autophagy, inflammation related
factors and proteins, and play an anti-tumor role together.

8.2.2 Potential of comprehensive treatment
Naringin can be combined with other anti-tumor drugs or

treatment methods to enhance the therapeutic effect, strengthen the
sensitivity to tumor cells, and reduce the occurrence of drug resistance.

8.2.3 Potential to reduce side effects
Compared with some commonly used anti-tumor drugs,

Naringin has lower toxic and side effects. It originates from
natural plants, has low toxicity to the human body, and has
shown good tolerance and safety in some clinical practices.

8.3 Future issues to be solved and areas for
improvement

Under the background of continuous social and medical progress,
the coordinated, multi accurate comprehensive treatment mode has
become the development trend of tumor treatment, including
immunotherapy, Targeted therapy and other treatment methods,
which play a vital role (Colli et al., 2017). However, there are few
studies on Naringin combination therapy at present, and they focus on
the combination with traditional chemotherapy drugs such as platinum,
lacking basic and clinical research onNaringin combinedwith immunity,
targeted drugs and other drugs for the treatment of malignant tumors. In
addition to sensitizing cisplatin, paclitaxel and attenuated doxorubicin
(Erdogan et al., 2018; Zhu et al., 2020), can Naringin achieve similar
enhancement effect on other chemotherapy drugs? Can Naringin in
combination with immunocheckpoint inhibitors, bioimmunotherapy or
targeted drugs such as anti angiogenesis agents also achieve benefits?
Further exploration is needed on the specific pharmacological
mechanisms, toxic side effects, safety evaluation, optimal benefit plans,
and scope of application of combined therapy. In addition, studies at
home and abroad have confirmed that Naringin has a clear inhibitory
effect on a variety of tumor cells and has a broad spectrum of anti-cancer
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effects. Is Naringin the best choice for a tumor or a tumor cell line? These
new questions need to be answered and resolved in future research.

At present, most studies on Naringin are based on in vitro cell
experiments and animal experiments, while there are few in vivo studies
on human subjects. The complete metabolic pathway, process and
mechanism of Naringin in vivo still need to bemore clearly described. It
is necessary to continue to explore the individual differences ofNaringin
pharmacokinetics, observe and improve its long-term drug safety,
further carry out clinical research on human body, verify the safety
and effectiveness of Naringin in human body, provide data support for
in vivo and clinical research for individualized drug delivery, and help
guide clinical more scientifically. The use of Naringin alone as an anti-
tumor drug may have limited effect. Due to factors such as Naringin
metabolism in vivo and Drug interaction, its specific application mode
and dosage need further research and optimization.

In addition, Naringin has low water solubility (Rivoira et al.,
2021) and oral Malabsorption. In order to make its related products
widely developed, we need to constantly improve its bioavailability.
The following aspects can be considered:

8.3.1 Improve solubility
Increase its dissolution rate and drug absorption in the

gastrointestinal tract through technical means, such as nano
treatment, solid dispersion, Inclusion compound, liposome, etc.
(Zhong et al., 2014). At present, the application of Naringin in nano
field is a research hotspot. Nanoparticle materials, water-soluble
nanocapsules, nano lotion, etc. can be used as drug carriers, which
can effectively encapsulate, deliver and slow release Naringin (Feng et al.,
2017b). Nanocarriers can achieve targeted delivery of Naringin, improve
its stability in vivo, drug concentration and retention rate, and reduce the
toxic and side effects of drugs on non target cells (Cheng L. et al., 2020).
After encapsulation, Naringin can still maintain its good antioxidant
capacity.Nanotechnology can also help to concentrate the administration
and release of Naringin at specific sites, and improve the accumulation
and therapeutic effect of drugs in tumor regions. Other ingredients can
also be used together to enhance the solubility of Naringin, for example,
the solubility of Naringin Neohesperidin in water boiling is significantly
higher than that of Naringin alone (Hua and June 2021).

8.3.2 Improve oral absorption
After oral administration, Naringin needs to be absorbed into

the blood circulation through the gastrointestinal tract. To improve
the oral absorption of Naringin, some strategies can be taken, such as
increasing its fat solubility, improving its intestinal permeability,
blocking intestinal degrading enzymes (Murota et al., 2018), etc. In
the future, the drug structure can be modified, the complex of Gut
microbiota regulator and Naringin can be developed (Feng et al.,
2019), the dosage form and usage can be changed, and its stability
under various processing and storage conditions can be explored to
improve the drug utilization value as much as possible.

8.3.3 Improve drug metabolism and excretion
Prolong the residence time and drug concentration ofNaringin in the

body by regulating its metabolic enzyme activity, reducing its metabolism
speed in the body, or increasing the liver reabsorption and other means.

The active ingredients of traditional Chinese medicine are complex,
and single medicine often has many components with pharmacological
activity, such as orange peel, orange peel, other flavonoid monomers

contained in orange peel, citrinin, Naringin, hesperidin, and their
volatile oils have been proved to have some significance in anti-
tumor (Kun et al., 2015). Is Naringin, as one of the effective active
ingredients, the most critical and effective anti-tumor component in
these traditional Chinese medicines? Further research on
pharmacological effects and molecular mechanisms is needed to
verify in the future. The research on the mechanism of Naringin
mostly stays at the overall level. In clinical practice, the combination
of multiple medicines is often used in the form of compound medicine.
At present, comprehensive studies on some compound medicines and
multiple ingredients are common, so it is not easy to clarify the efficacy
and value of Naringin alone. On the other hand, there are few existing
studies on traditional Chinese medicine compounds, and there are few
discussions on the anti-cancer mechanism of Naringin based on the
syndrome differentiation and treatment system of traditional Chinese
medicine, which cannot reflect the close combination with traditional
Chinesemedicine. Therefore, it is necessary to strengthen the analysis of
the mechanism of Naringin’s action in the classic compound medicine,
single medicine, traditional Chinese patent medicines and simple
preparations and related preparations under the guidance of the
theory of Traditional Chinese medicine.

Naringin is a drug with great anti-tumor potential. Its
development, application, development and application have
broad prospects. We hope to continue to conduct in-depth
excavation and research on it in the future, providing some
reference and help for anti-tumor treatment, so as to improve
the quality of life of cancer patients and extend their lives).

Author contributions

JH concept; acquisition and analysis; writing—original draft;
interpretation for the article. H-PZ writing—review and editing; data
curation; approved the version to be published; be accountable for all
aspects of the work in ensuring that questions related to. All authors
contributed to the article and approved the submitted version.

Acknowledgments

We would like to thank the reviewers for their valuable comments
and suggestions that greatly improved the quality of this manuscript.
We also express our sincere thanks to the Shandong Provincial TCM
Science and Technology Project (Grant No. 2020M100) and the Special
Project of TCM Science and Technology Plan of Jinan Municipal
Health Commission (Grant No. 2022-China-06) and Qilu School of
Medicine Elderly Disease Academic School Inheritance Studio Project
(Grant No. 2022-93-1-10). For the generous support of our research
work. The authors appreciate the support of the ShandongUniversity of
Traditional Chinese Medicine and Jinan Hospital of Traditional
Chinese Medicine for our work. All support is gratefully acknowledged.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Frontiers in Pharmacology frontiersin.org10

He and Zhang 10.3389/fphar.2023.1217001

https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2023.1217001


Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

References

Abdel-Hamid, N. M., and Abass, S. A. (2021). Matrix metalloproteinase contribution
in management of cancer proliferation, metastasis and drug targeting.Mol. Biol. Rep. 48
(9), 6525–6538. doi:10.1007/s11033-021-06635-z

Aggarwal, V., Montoya, C. A., Donnenberg, V. S., and Sant, S. (2021). Interplay
between tumor microenvironment and partial EMT as the driver of tumor progression.
IScience 24 (2), 102113. doi:10.1016/j.isci.2021.102113

Alam, F., Mohammadin, K., Shafique, Z., Amjad, S. T., and Asad, M. H. H. B. (2022).
Citrus flavonoids as potential therapeutic agents: A review. Phytotherapy Res. 36 (4),
1417–1441. doi:10.1002/ptr.7261

Albayrak, D., Doğanlar, O., Erdoğan, S., Meraklı, M., Doğan, A., Turker, P., et al.
(2021). Naringin combined with NF-κB inhibition and endoplasmic reticulum stress
induces apoptotic cell death via oxidative stress and the PERK/eIF2α/ATF4/CHOP Axis
in HT29 colon cancer cells. Biochem. Genet. 59, 159–184. doi:10.1007/s10528-020-
09996-5

Alizadeh, S. R., and Ebrahimzadeh, M. A. (2022). Quercetin derivatives: drug design,
development, and biological activities, a review. Eur. J. Med. Chem. 229, 114068. doi:10.
1016/j.ejmech.2021.114068

Aroui, S., Fetoui, H., and Kenani, A. (2020). Natural dietary compound naringin
inhibits glioblastoma cancer neoangiogenesis. BMC Pharmacol. Toxicol. 21 (1), 46–10.
doi:10.1186/s40360-020-00426-1

Aroui, S., Najlaoui, F., Chtourou, Y., Meunier, A. C., Laajimi, A., Kenani, A., et al.
(2016). Naringin inhibits the invasion and migration of human glioblastoma cell via
downregulation of MMP-2 and MMP-9 expression and inactivation of p38 signaling
pathway. Tumor Biol. 37 (3), 3831–3839. doi:10.1007/s13277-015-4230-4

Bai, Y., Peng, W., Yang, C., Zou, W., Liu, M., Wu, H., et al. (2020). Pharmacokinetics
and metabolism of naringin and active metabolite naringenin in rats, dogs, humans, and
the differences between species. Front. Pharmacol. 11, 364. doi:10.3389/fphar.2020.
00364

Banjerdpongchai, R., Wudtiwai, B., Khaw-On, P., Rachakhom, W., and
DuangnilKongtawelert, N. P. (2016). Hesperidin from Citrus seed induces human
hepatocellular carcinoma HepG2 cell apoptosis via both mitochondrial and death
receptor pathways. Tumor Biol. 37 (1), 227–237. doi:10.1007/s13277-015-3774-7

Bharti, S., Rani, N., Krishnamurthy, B., and Arya, D. S. (2014). Preclinical evidence for
the pharmacological actions of naringin: a review. Planta medica. 80 (06), 437–451.
doi:10.1055/s-0034-1368351

Bing-yu, G., Yu, Z., Qiang, H., Peng, H., and Kai, T. (2016). Inhibition of Naringin in
the growth andmigration of melanoma. Chin. J. Aesthetic Plastic Surg. 27 (08), 503–506.
doi:10.3969/j.issn.1673-7040.2016.08.019

Blahova, J., Martiniakova, M., Babikova, M., Kovacova, V., Mondockova, V., and Omelka,
R. (2021). Pharmaceutical drugs and natural therapeutic products for the treatment of type
2 diabetes mellitus. Pharmaceuticals 14 (8), 806. doi:10.3390/ph14080806

Cao, H., Liu, J., Shen, P., Cai, J., Han, Y., Zhu, K., et al. (2018). Protective effect of
naringin on DSS-induced ulcerative colitis in mice. J. Agric. Food Chem. 66 (50),
13133–13140. doi:10.1021/acs.jafc.8b03942

Cao, Z. Q., Wang, Z., and Leng, P. (2019). Aberrant N-cadherin expression in cancer.
Biomed. Pharmacother. 118, 109320. doi:10.1016/j.biopha.2019.109320

Chen, M., Peng, W., Hu, S., and Deng, J. (2018). miR-126/VCAM-1 regulation by
naringin suppresses cell growth of human non-small cell lung cancer.Oncol. Lett. 16 (4),
4754–4760. doi:10.3892/ol.2018.9204

Chen, R., Qi, Q. L.,Wang,M. T., and Li, Q. Y. (2016). Therapeutic potential of naringin: an
overview. Pharm. Biol. 54 (12), 3203–3210. doi:10.1080/13880209.2016.1216131

Cheng, H., Jiang, X., Zhang, Q., Ma, J., Cheng, R., Yong, H., et al. (2020a). Naringin
inhibits colorectal cancer cell growth by repressing the PI3K/AKT/mTOR signaling
pathway. Exp. Ther. Med. 19 (6), 3798–3804. doi:10.3892/etm.2020.8649

Cheng, L., Wang, X., Gong, F., Liu, T., and Liu, Z. (2020b). 2D nanomaterials for cancer
theranostic applications. Adv. Mater. 32 (13), 1902333. doi:10.1002/adma.201902333

Choi, J. S., and Shin, S. C. (2005). Enhanced paclitaxel bioavailability after oral
coadministration of paclitaxel prodrug with naringin to rats. Int. J. Pharm. 292 (1-2),
149–156. doi:10.1016/j.ijpharm.2004.11.031

Colli, L. M., Machiela, M. J., Zhang, H., Myers, T. A., Jessop, L., Delattre, O., et al. (2017).
Landscape of combination immunotherapy and targeted therapy to improve cancer
management. Cancer Res. 77 (13), 3666–3671. doi:10.1158/0008-5472.CAN-16-3338

Dahan, A., and Amidon, G. L. (2009). Grapefruit juice and its constituents augment
colchicine intestinal absorption: potential hazardous interaction and the role of
p-glycoprotein. Pharm. Res. 26, 883–892. doi:10.1007/s11095-008-9789-7

D’arcy, M. S. (2019). Cell death: a review of the major forms of apoptosis, necrosis and
autophagy. Cell Biol. Int. 43 (6), 582–592. doi:10.1002/cbin.11137

Denk, D., and Greten, F. R. (2022). Inflammation: the incubator of the tumor
microenvironment. Trends Cancer 8, 901–914. doi:10.1016/j.trecan.2022.07.002

El-Kersh, D. M., Ezzat, S. M., Salama, M. M., Mahrous, E. A., Attia, Y. M., Ahmed, M.
S., et al. (2021). Anti-estrogenic and anti-aromatase activities of citrus peels major
compounds in breast cancer. Sci. Rep. 11 (1), 7121–7214. doi:10.1038/s41598-021-
86599-z

Elsawy, H., Algefare, A. I., Alfwuaires, M., Khalil, M., Elmenshawy, O. M., Sedky, A.,
et al. (2020). Naringin alleviates methotrexate-inducedliver injury in male albino rats
and enhances its antitumor efficacy in HepG2 cells. Biosci. Rep. 40 (6), BSR20193686.
doi:10.1042/BSR20193686

Emran, T. B., Islam, F., Nath, N., Sutradhar, H., Das, R., Mitra, S., et al. (2022).
Naringin and naringenin polyphenols in neurological diseases: understandings from a
therapeutic viewpoint. Life 13 (1), 99. doi:10.3390/life13010099

Erdogan, S., Doganlar, O., Doganlar, Z. B., and Turkekul, K. (2018). Naringin
sensitizes human prostate cancer cells to paclitaxel therapy. Prostate Int. 6 (4),
126–135. doi:10.1016/j.prnil.2017.11.001

Feng, T., Wang, K., Liu, F., Ye, R., Zhu, X., Zhuang, H., et al. (2017b). Structural
characterization and bioavailability of ternary nanoparticles consisting of amylose, α-
linoleic acid and β-lactoglobulin complexed with naringin. Int. J. Biol. Macromol. 99,
365–374. doi:10.1016/j.ijbiomac.2017.03.005

Feng, T., Wei, Y., Lee, R. J., and Zhao, L. (2017a). Liposomal curcumin and its
application in cancer. Int. J. nanomedicine 12, 6027–6044. doi:10.2147/IJN.S132434

Feng, W., Ao, H., Peng, C., and Yan, D. (2019). Gut microbiota, a new frontier to
understand traditional Chinese medicines. Pharmacol. Res. 142, 176–191. doi:10.1016/j.
phrs.2019.02.024

Feng, Y., Tao, J., Li-hong, Z., Ya-gang, Q., and Zhan-xiang, Y. (2021). Naringin
inhibits the proliferation and invasion of Eca109 esophageal cancer cells and promotes
its apoptosis by blocking JAK/STAT signal pathway. J. Cell Mol. Immunol. 37 (12),
1085–1091. doi:10.13423/j.cnki.cjcmi.009320

Fujiwara, Y., Saito, Y., Shiota, T., Cheng, P., Ikeda, T., Ohnishi, K., et al. (2018).
Natural compounds that regulate lymph node sinus macrophages: inducing an anti-
tumor effect by regulating macrophage activation. J. Clin. Exp. Hematop. 58 (1), 17–23.
doi:10.3960/jslrt.17032

Gasteiger, G., Ataide, M., and Kastenmüller, W. (2016). Lymph node–an organ for T-
cell activation and pathogen defense. Immunol. Rev. 271 (1), 200–220. doi:10.1111/imr.
12399

Ge, X., and Zhou, G. (2021). Protective effects of naringin on glucocorticoid-induced
osteoporosis through regulating the PI3K/Akt/mTOR signaling pathway. Am. J. Transl.
Res. 13 (6), 6330–6341.

Gelen, V., Şengül, E., Yıldırım, S., and Atila, G. (2018). The protective effects of
naringin against 5-fluorouracil-induced hepatotoxicity and nephrotoxicity in rats. Iran.
J. basic Med. Sci. 21 (4), 404–410. doi:10.22038/IJBMS.2018.27510.6714

Guo, B., Zhang, Y., Hui, Q., Hongyi, W., and Kai, T. (2016). Naringin suppresses the
metabolism of A375 cells by inhibiting the phosphorylation of c-Src. Tumor Biol. 37 (3),
3841–3850. doi:10.1007/s13277-015-4235-z

He, B., Zhao, Z., Cai, Q., Zhang, Y., Zhang, P., Shi, S., et al. (2020). miRNA-based
biomarkers, therapies, and resistance in Cancer. Int. J. Biol. Sci. 16 (14), 2628–2647.
doi:10.7150/ijbs.47203

Hernández-Vázquez, L., Cassani, J., Heyerdahl-Viau, I., Martínez-Casares, R. M.,
Luna, H., Dorantes-Barrón, A. M., et al. (2022). Recovery of naringin-rich flavonoid
extracts from agroresidues with anxiolytic-and antidepressant-like effects in mice.
Molecules 27 (23), 8507. doi:10.3390/molecules27238507

Hong, L., and Rong-guang, S. (2016). The regulatory role of autophagy in tumor
process. J. Pharm. 51 (01), 23–28. doi:10.16438/j.0513-4870.2015-0809

Hua, J., and Jun, L. (2021). Preliminary study on the dissolution lmprovement mechanism
of Neohesperidin on naringin in water solution. Chin. J. Pharm. 56 (06), 484–488. doi:10.
11669/cpj.2021.06.009

Frontiers in Pharmacology frontiersin.org11

He and Zhang 10.3389/fphar.2023.1217001

https://doi.org/10.1007/s11033-021-06635-z
https://doi.org/10.1016/j.isci.2021.102113
https://doi.org/10.1002/ptr.7261
https://doi.org/10.1007/s10528-020-09996-5
https://doi.org/10.1007/s10528-020-09996-5
https://doi.org/10.1016/j.ejmech.2021.114068
https://doi.org/10.1016/j.ejmech.2021.114068
https://doi.org/10.1186/s40360-020-00426-1
https://doi.org/10.1007/s13277-015-4230-4
https://doi.org/10.3389/fphar.2020.00364
https://doi.org/10.3389/fphar.2020.00364
https://doi.org/10.1007/s13277-015-3774-7
https://doi.org/10.1055/s-0034-1368351
https://doi.org/10.3969/j.issn.1673-7040.2016.08.019
https://doi.org/10.3390/ph14080806
https://doi.org/10.1021/acs.jafc.8b03942
https://doi.org/10.1016/j.biopha.2019.109320
https://doi.org/10.3892/ol.2018.9204
https://doi.org/10.1080/13880209.2016.1216131
https://doi.org/10.3892/etm.2020.8649
https://doi.org/10.1002/adma.201902333
https://doi.org/10.1016/j.ijpharm.2004.11.031
https://doi.org/10.1158/0008-5472.CAN-16-3338
https://doi.org/10.1007/s11095-008-9789-7
https://doi.org/10.1002/cbin.11137
https://doi.org/10.1016/j.trecan.2022.07.002
https://doi.org/10.1038/s41598-021-86599-z
https://doi.org/10.1038/s41598-021-86599-z
https://doi.org/10.1042/BSR20193686
https://doi.org/10.3390/life13010099
https://doi.org/10.1016/j.prnil.2017.11.001
https://doi.org/10.1016/j.ijbiomac.2017.03.005
https://doi.org/10.2147/IJN.S132434
https://doi.org/10.1016/j.phrs.2019.02.024
https://doi.org/10.1016/j.phrs.2019.02.024
https://doi.org/10.13423/j.cnki.cjcmi.009320
https://doi.org/10.3960/jslrt.17032
https://doi.org/10.1111/imr.12399
https://doi.org/10.1111/imr.12399
https://doi.org/10.22038/IJBMS.2018.27510.6714
https://doi.org/10.1007/s13277-015-4235-z
https://doi.org/10.7150/ijbs.47203
https://doi.org/10.3390/molecules27238507
https://doi.org/10.16438/j.0513-4870.2015-0809
https://doi.org/10.11669/cpj.2021.06.009
https://doi.org/10.11669/cpj.2021.06.009
https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2023.1217001


Hua-ying, W., and Debing, X. (2012). Research progress of Vascular endothelial
growth factor in tumor angiogenesis. Chin. J. Cancer Clin. Rehabilitation 19 (05),
470–471.

Huang, T., Liu, Y., and Zhang, C. (2019). Pharmacokinetics and bioavailability
enhancement of baicalin: a review. Eur. J. Drug Metabolism Pharmacokinet. 44,
159–168. doi:10.1007/s13318-018-0509-3

Jamasbi, E., Hamelian, M., Hossain, M. A., and Varmira, K. (2022). The cell cycle,
cancer development and therapy. Mol. Biol. Rep. 49 (11), 10875–10883. doi:10.1007/
s11033-022-07788-1

Jia-jie, H., and Bei-cheng, S. (2014). STAT3: the key player in the network of
inflammation and cancer. Adv. Biochem. Biophysics 41 (01), 69–78. doi:10.3724/SP.J.
1206.2013.00462

Jiang, P., andMizushima, N. (2015). LC3-and p62-based biochemical methods for the
analysis of autophagy progression in mammalian cells.Methods 75, 13–18. doi:10.1016/
j.ymeth.2014.11.021

Kim, D. I., Lee, S. J., Lee, S. B., Park, K., Kim, W. J., and Moon, S. K. (2008).
Requirement for Ras/Raf/ERK pathway in naringin-induced G 1-cell-cycle arrest via
p21WAF1 expression. Carcinogenesis 29 (9), 1701–1709. doi:10.1093/carcin/bgn055

Kim, T., Cui, R., Jeon, Y. J., Fadda, P., Alder, H., and Croce, C. M. (2015). MYC-
repressed long noncoding RNAs antagonize MYC-induced cell proliferation and cell
cycle progression. Oncotarget 6 (22), 18780–18789. doi:10.18632/oncotarget.3909

Kun, P., Fanggao, X., Haifang, C., Xiaoquan, C., and Xuhang, Y. (2015). Overview of
research on orange peel, orange red and Fructus Aurantii. Jiangxi Tradit. Chin. Med. 46
(04), 71–74.

Li, H., Yang, B., Huang, J., Xiang, T., Yin, X., Wan, J., et al. (2013). Naringin inhibits
growth potential of human triple-negative breast cancer cells by targeting β-catenin
signaling pathway. Toxicol. Lett. 220 (3), 219–228. doi:10.1016/j.toxlet.2013.05.006

Li, P., Wu, H., Wang, Y., Peng, W., and Su, W. W. (2020). Toxicological evaluation of
naringin: acute, subchronic, and chronic toxicity in Beagle dogs. Regul. Toxicol.
Pharmacol. 111, 104580. doi:10.1016/j.yrtph.2020.104580

Li, W., Jian-jun, Z., Feng, W., Songfang, L., and Shi-feng, Y. (2022). Effect of
naringenin regulation of PERK/elF2x/ATF4/CHOP Axis on proliferation apoptosis
migration and invasion of thyroid cancer cells.Hebei Med. J. 28 (08), 1268–1274. doi:10.
3969/j.issn.1006-6233.2022.08.07

Lin, R., Hu, X., Chen, S., Shi, Q., and Chen, H. (2020). Naringin induces endoplasmic
reticulum stress-mediated apoptosis, inhibits β-catenin pathway and arrests cell cycle in
cervical cancer cells. Acta Biochim. Pol. 67 (2), 181–188. doi:10.18388/abp.2020_5182

Liqiong, K., and Na, W. (2020). Effect of Naringin on the proliferation and apoptosis
of colon cancer cells by regulating the expression of ARHI gene. J. Gastroenterology
Hepatology 29 (07), 756–761. doi:10.3969/j.issn.1006-5709.2020.07.007

Liu, J., Peng, Y., andWei, W. (2021). Cell cycle on the crossroad of tumorigenesis and
cancer therapy. Trends Cell Biol. 32, 30–44. doi:10.1016/j.tcb.2021.07.001

Liu, X., Yang, X., Chen, F., and Chen, D. (2017). Combined application of
Doxorubicin and Naringin enhances the antitumor efficiency and attenuates the
toxicity of Doxorubicin in HeLa cervical cancer cells. Int. J. Clin. Exp. Pathology 10
(7), 7303–7311.

Maiuri, M. C., Zalckvar, E., Kimchi, A., and Kroemer, G. (2007). Self-eating and self-
killing: crosstalk between autophagy and apoptosis. Nat. Rev. Mol. Cell Biol. 8 (9),
741–752. doi:10.1038/nrm2239

Mei-ying, C., Hong-liu, H., Pan, L., and Ying, M. (2019). Reversing effect of naringin
on cisplatin resistance in human lung cancer A549/DDP cells. Chin. J. Pathophysiol. 35
(03), 466–472. doi:10.3969/j.issn.1000-4718.2019.03.014

Miles, E. A., and Calder, P. C. (2021). Effects of citrus fruit juices and their bioactive
components on inflammation and immunity: a narrative review. Front. Immunol. 12,
712608. doi:10.3389/fimmu.2021.712608

Ming, H., Chuang, Q., Jia-shi, W., Bin, L., Guang-bin, W., and Xiang-lu, J. (2018).
Naringin targets Zeb1 to suppress osteosarcoma cell proliferation and metastasis.
J. Aging (Albany NY) 10 (12), 4141–4151. doi:10.18632/aging.101710

Mittal, V. (2018). Epithelial mesenchymal transition in tumor metastasis. Annu. Rev.
Pathol. 13 (1), 395–412. doi:10.1146/annurev-pathol-020117-043854

Moghaddam, R. H., Samimi, Z., Moradi, S. Z., PeterXu, J. S., and Farzaei, M. H.
(2020). Naringenin and naringin in cardiovascular disease prevention: a preclinical
review. Eur. J. Pharmacol. 887, 173535. doi:10.1016/j.ejphar.2020.173535

Mohan, C. D., Rangappa, S., Preetham, H. D., Nayaka, S. C., Gupta, V. K., Basappa, B.,
et al. (2022). Targeting STAT3 signaling pathway in cancer by agents derived from
Mother Nature. Seminars cancer Biol. 80, 157–182. Academic Press. doi:10.1016/j.
semcancer.2020.03.016

Mortezaee, K., Najafi, M., Farhood, B., Ahmadi, A., Shabeeb, D., and Musa, A. E.
(2019). NF-κB targeting for overcoming tumor resistance and normal tissues toxicity.
J. Cell. Physiology 234 (10), 17187–17204. doi:10.1002/jcp.28504

Motallebi, M., Bhia, M., Rajani, H. F., Bhia, I., Tabarraei, H., Mohammadkhani, N.,
et al. (2022). Naringenin: a potential flavonoid phytochemical for cancer therapy. Life
Sci. 305, 120752. doi:10.1016/j.lfs.2022.120752

Murota, K., Nakamura, Y., and Uehara, M. (2018). Flavonoid metabolism: the
interaction of metabolites and gut microbiota. Biosci. Biotechnol. Biochem. 82 (4),
600–610. doi:10.1080/09168451.2018.1444467

Nath, R., Das, C., Kityania, S., Nath, D., Das, S., Choudhury, M. D., et al. (2023).
Natural flavonoids in the prevention and treatment of lung cancer: a pharmacological
aspect. Comb. Chem. High Throughput Screen. 26 (5), 863–879. doi:10.2174/
1386207325666220701121537

Nussinov, R., Tsai, C. J., and Jang, H. (2021). Anticancer drug resistance: an update
and perspective. Drug Resist. Updat. 59, 100796. doi:10.1016/j.drup.2021.100796

Pan, G., Liu, Y., Shang, L., Zhou, F., and Yang, S. (2021). EMT-associated microRNAs
and their roles in cancer stemness and drug resistance. Cancer Commun. 41 (3),
199–217. doi:10.1002/cac2.12138

Pei-bo, L., Yong-gang, W, Hao, W., Rui, S., Wei, P., and Weiwei, S. (2020). An
overview of pharmacological actions of naringin and its aglycone naringenin on
respiratory diseases. Pharm. Res. 39 (05), 249–255. doi:10.13506/j.cnki.jpr.2020.05.001

Qie, S., and Diehl, J. A. (2016). Cyclin D1, cancer progression, and opportunities in
cancer treatment. J. Mol. Med. 94, 1313–1326. doi:10.1007/s00109-016-1475-3

Raha, S., Kim, S. M., Lee, H. J., Yumnam, S., and Saralamma, V. V. (2020). Naringin
induces lysosomal permeabilization and autophagy cell death in AGS gastric cancer
cells. Am. J. Chin. Med. 48 (03), 679–702. doi:10.1142/S0192415X20500342

Raha, S., Yumnam, S., Hong, G. E., Lee, H. J., Saralamma, V. V. G., Park, H. S., et al.
(2015). Naringin induces autophagy-mediated growth inhibition by downregulating the
PI3K/Akt/mTOR cascade via activation of MAPK pathways in AGS cancer cells. Int.
J. Oncol. 47 (3), 1061–1069. doi:10.3892/ijo.2015.3095

Ramesh, E., and Alshatwi, A. A. (2013). Naringin induces death receptor and
mitochondria-mediated apoptosis in human cervical cancer (SiHa) cells. Food
Chem. Toxicol. 51, 97–105. doi:10.1016/j.fct.2012.07.033

Rauf, A., Shariati, M. A., Imran, M., Bashir, K., Khan, S. A., Mitra, S., et al. (2022).
Comprehensive review on naringenin and naringin polyphenols as a potent anticancer
agent. Environ. Sci. Pollut. Res. 29 (21), 31025–31041. doi:10.1007/s11356-022-18754-6

Rivoira, M. A., Rodriguez, V., Talamoni, G., and Talamoni, N. T. D. (2021). New
perspectives in the pharmacological potential of naringin in medicine. Curr. Med.
Chem. 28 (10), 1987–2007. doi:10.2174/0929867327666200604171351

Rui-ying, Y., Meng-zhen, X., and Xiu-lan, L. (2022). Study on the mechanism of
naringin affecting the proliferation and cycle of cervical cancer ME-180 cells by up
regulating miR-628-5p. Chin. J. Clin. Pharmacol. 38 (04), 318–322. doi:10.13699/j.cnki.
1001-6821.2022.04.007

Sama, V., Pagilla, B., Chiluka, R., Alvala, R., Pola, R. K., and Mullangi, R. (2019).
Bioenhancing effects of naringin on atorvastatin. ADMETDMPK 7 (3), 174–182. doi:10.
5599/admet.647

Shah, A. A., Kamal, M. A., and Akhtar, S. (2021). Tumor angiogenesis and VEGFR-2:
mechanism, pathways and current biological therapeutic interventions. Curr. Drug
Metab. 22 (1), 50–59. doi:10.2174/1389200221666201019143252

Singh, D., Gupta, M., Sarwat, M., and Siddique, H. R. (2022). Apigenin in cancer
prevention and therapy: a systematic review and meta-analysis of animal models. Crit.
Rev. Oncology/Hematology 176, 103751. doi:10.1016/j.critrevonc.2022.103751

Stanić, Z. (2017). Curcumin, a compound from natural sources, a true scientific
challenge–a review. Plant foods Hum. Nutr. 72, 1–12. doi:10.1007/s11130-016-
0590-1

Taki, M., Abiko, K., Ukita, M., Murakami, R., Yamanoi, K., Yamaguchi, K., et al.
(2021). Tumor immune microenvironment during epithelial–mesenchymal transition.
Clin. Cancer Res. 27 (17), 4669–4679. doi:10.1158/1078-0432.CCR-20-4459

Tutunchi, H., Naeini, F., Ostadrahimi, A., and Attar, M. J. H. (2020). Naringenin, a
flavanone with antiviral and anti-inflammatory effects: a promising treatment strategy
against COVID-19. Phytotherapy Res. 34 (12), 3137–3147. doi:10.1002/ptr.6781

Wang, F., Zhao, C., Tian, G., Wei, X., Ma, Z., Cui, J., et al. (2020). Naringin alleviates
atherosclerosis in ApoE–/–mice by regulating cholesterol metabolism involved in gut
microbiota remodeling. J. Agric. Food Chem. 68 (45), 12651–12660. doi:10.1021/acs.jafc.
0c05800

Wang, K., Chen, Q., Shao, Y., Yin, S., Liu, C., Liu, Y., et al. (2021). Anticancer activities
of TCM and their active components against tumor metastasis. Biomed. Pharmacother.
133, 111044. doi:10.1016/j.biopha.2020.111044

Wang, Y., and Zhang, H. (2019). Regulation of autophagy by mTOR signaling
pathway. Autophagy Biol. Dis. 1206, 67–83. doi:10.1007/978-981-15-0602-4_3

Wei, W., Zi-long, Z., Wei, G., Dong-yong, Z., Lu-yang, Z., and Yi-jun, B. (2020).
Mechanisms of naringin inhibiting the growth of glioma cells. J. Shenyang Pharm. Univ.
37 (09), 815–818. doi:10.14066/j.cnki.cn21-1349/r.2020.09.008

Wen, K., Fang, X., Yang, J., Yao, Y., Nandakumar, K. S., Salem, M. L., et al. (2021).
Recent research on flavonoids and their biomedical applications. Curr. Med. Chem. 28
(5), 1042–1066. doi:10.2174/0929867327666200713184138

Wen-jing, Y., Lu, W., and Rui, S. (2016). Effects of naringin on growth and COx-2
expressions in human cervical cancer HeLa cell line. Chin. J. Immunol. 32 (08),
1200–1203. doi:10.3969/j.issn.1000-484X.2016.08.026

Frontiers in Pharmacology frontiersin.org12

He and Zhang 10.3389/fphar.2023.1217001

https://doi.org/10.1007/s13318-018-0509-3
https://doi.org/10.1007/s11033-022-07788-1
https://doi.org/10.1007/s11033-022-07788-1
https://doi.org/10.3724/SP.J.1206.2013.00462
https://doi.org/10.3724/SP.J.1206.2013.00462
https://doi.org/10.1016/j.ymeth.2014.11.021
https://doi.org/10.1016/j.ymeth.2014.11.021
https://doi.org/10.1093/carcin/bgn055
https://doi.org/10.18632/oncotarget.3909
https://doi.org/10.1016/j.toxlet.2013.05.006
https://doi.org/10.1016/j.yrtph.2020.104580
https://doi.org/10.3969/j.issn.1006-6233.2022.08.07
https://doi.org/10.3969/j.issn.1006-6233.2022.08.07
https://doi.org/10.18388/abp.2020_5182
https://doi.org/10.3969/j.issn.1006-5709.2020.07.007
https://doi.org/10.1016/j.tcb.2021.07.001
https://doi.org/10.1038/nrm2239
https://doi.org/10.3969/j.issn.1000-4718.2019.03.014
https://doi.org/10.3389/fimmu.2021.712608
https://doi.org/10.18632/aging.101710
https://doi.org/10.1146/annurev-pathol-020117-043854
https://doi.org/10.1016/j.ejphar.2020.173535
https://doi.org/10.1016/j.semcancer.2020.03.016
https://doi.org/10.1016/j.semcancer.2020.03.016
https://doi.org/10.1002/jcp.28504
https://doi.org/10.1016/j.lfs.2022.120752
https://doi.org/10.1080/09168451.2018.1444467
https://doi.org/10.2174/1386207325666220701121537
https://doi.org/10.2174/1386207325666220701121537
https://doi.org/10.1016/j.drup.2021.100796
https://doi.org/10.1002/cac2.12138
https://doi.org/10.13506/j.cnki.jpr.2020.05.001
https://doi.org/10.1007/s00109-016-1475-3
https://doi.org/10.1142/S0192415X20500342
https://doi.org/10.3892/ijo.2015.3095
https://doi.org/10.1016/j.fct.2012.07.033
https://doi.org/10.1007/s11356-022-18754-6
https://doi.org/10.2174/0929867327666200604171351
https://doi.org/10.13699/j.cnki.1001-6821.2022.04.007
https://doi.org/10.13699/j.cnki.1001-6821.2022.04.007
https://doi.org/10.5599/admet.647
https://doi.org/10.5599/admet.647
https://doi.org/10.2174/1389200221666201019143252
https://doi.org/10.1016/j.critrevonc.2022.103751
https://doi.org/10.1007/s11130-016-0590-1
https://doi.org/10.1007/s11130-016-0590-1
https://doi.org/10.1158/1078-0432.CCR-20-4459
https://doi.org/10.1002/ptr.6781
https://doi.org/10.1021/acs.jafc.0c05800
https://doi.org/10.1021/acs.jafc.0c05800
https://doi.org/10.1016/j.biopha.2020.111044
https://doi.org/10.1007/978-981-15-0602-4_3
https://doi.org/10.14066/j.cnki.cn21-1349/r.2020.09.008
https://doi.org/10.2174/0929867327666200713184138
https://doi.org/10.3969/j.issn.1000-484X.2016.08.026
https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2023.1217001


Wu, Z., Li, S., and Zhu, X. (2021). The mechanism of stimulating and mobilizing the
immune system enhancing the anti-tumor immunity. Front. Immunol. 12, 682435.
doi:10.3389/fimmu.2021.682435

Xiaokaiti, Y., and Li, X. (2020). Natural product regulates autophagy in cancer.
Autophagy Biol. Dis. 1207, 709–724. doi:10.1007/978-981-15-4272-5_53

Xin-rong, Y., Xia, D., Guo-feng, L., Qin-jie, S., and Xian-wei, L. (2022). Research
progress on pharmacological effects and mechanism of naringin. Chin. Herb. Med. 53
(10), 3226–3240. doi:10.7501/j.issn.0253-2670.2022.10.033

Xu, C., Huang, X., Huang, Y., Liu, X., Wu, M., Wang, J., et al. (2021). Naringin
induces apoptosis of gastric carcinoma cells via blocking the PI3K/AKT pathway
and activating pro-death autophagy. Mol. Med. Rep. 24 (5), 772–810. doi:10.3892/
mmr.2021.12412

Xu, H. D., and Qin, Z. H. (2019). Beclin 1, bcl-2 and autophagy. Adv. Exp. Med. Biol.
1206, 109–126. Autophagy: Biology and Diseases: Basic Science. doi:10.1007/978-981-
15-0602-4_5

Xuemei, P., Wei, Y., Limin, J., and Hao-yuan, L. (2018). Effects of naringin on
proliferation, migration and apoptosis of H1299 cells by modulating AKT activation.
J. Southeast Univ. Med. Ed. 37 (05), 802–807. doi:10.3969/j.issn.1671-6264.2018.05.011

Ya-qiong, W., Wei-rong, F., and Yun-man, L. (2016). Mechanisms and reversing
drugs of cancer multidrug resista. Pharm. Clin. Res. 24 (01), 43–47. doi:10.13664/j.cnki.
pcr.2016.01.012

Yang, Y., Trevethan, M., Wang, S., and Zhao, L. (2022). Beneficial effects of citrus
flavanones naringin and naringenin and their food sources on lipid metabolism: an
update on bioavailability, pharmacokinetics, and mechanisms. J. Nutr. Biochem. 104,
108967. doi:10.1016/j.jnutbio.2022.108967

Yi, P., Xiao-jing, Z., Ke, Z., Wei, W., En-duo, Q., and Sheng-long, L. (2018). Effects of
naringin combined with cisplatin on proliferation and migration of osteosarcoma cells.
Pract. Med. Clin. 21 (02), 142–145. doi:10.14053/j.cnki.ppcr.201802005

Yong-hui, L., Qian-lin, W., Xiao-qiang, J., Ming-cheng, L., and Yong-fang, L. (2021).
Effects of naringin on the proliferation and apoptosis of colorectal cancer cells by
regulating miR-216a gene in vitro. Hebei Med. J. 43 (16), 2416–2421. doi:10.3969/j.issn.
1002-7386.2021.16.003

Yuan-bao, J., Ping, L., Xiao-gen, L., and Gang, J. (2018). Research progress on
biological activity of Naringin. Chin. J. Mod. Med. 20 (03), 92–97. doi:10.3969/j.issn.
1672-9463.2018.03.034

Zeng, L., Zhen, Y., Chen, Y., Lin, Z., Zhang, Y., Fen, H., et al. (2014). Naringin inhibits
growth and induces apoptosis by a mechanism dependent on reduced activation of NF-
κB/COX-2-caspase-1 pathway in HeLa cervical cancer cells. Int. J. Oncol. 45 (5),
1929–1936. doi:10.3892/ijo.2014.2617

Zhang, D., Zhao, L., Shen, Q., Lv, Q., Jin, M., Ma, H., et al. (2017). Down-regulation of
KIAA1199/CEMIP by miR-216a suppresses tumor invasion andmetastasis in colorectal
cancer. Int. J. cancer 140 (10), 2298–2309. doi:10.1002/ijc.30656

Zhang, Y. S., Li, Y., Wang, Y., Sun, S. Y., Tao, J., Cong, L., et al. (2016). Naringin, a
natural dietary compound, prevents intestinal tumorigenesis in Apc Min/+ mouse
model. J. cancer Res. Clin. Oncol. 142 (5), 913–925. doi:10.1007/s00432-015-2097-9

Zhang, Y. S., Wang, F., Cui, S. X., and Qu, X. J. (2018). Natural dietary compound
naringin prevents azoxymethane/dextran sodium sulfate-induced chronic colorectal
inflammation and carcinogenesis in mice. Cancer Biol. Ther. 19 (8), 735–744. doi:10.
1080/15384047.2018.1453971

Zhong, H., Zhu, Y., Yu, J. N., and Xu, X. M. (2014). Advanced in solubilization
methods of water-insoluble natural drugs. Zhongguo Zhong yao za zhi 39 (17),
3226–3231.

Zhongyuan, G., Geng, S., Min, L., Qian, C., Ping, L., and Xuerong, W. (2017).
Study on the mechanism of Naringin inhibits the growth of non-small cell lung
carcinoma cells through down-regulating p70S6K. Chin. J. Clin. Pharmacol. Ther.
22 (07), 762–766.

Zhou, J., Xia, L., and Zhang, Y. (2019). Naringin inhibits thyroid cancer cell
proliferation and induces cell apoptosis through repressing PI3K/AKT pathway.
Pathology-Research Pract. 215 (12), 152707. doi:10.1016/j.prp.2019.152707

Zhu, H., Zou, X., Lin, S. X., Hu, X., and Gao, J. (2020). Effects of naringin on reversing
cisplatin resistance and theWnt/β-catenin pathway in human ovarian cancer SKOV3/CDDP
cells. J. Int. Med. Res. 48 (10), 0300060519887869. doi:10.1177/0300060519887869

Zraik, I. M., and Hess-Busch, Y. (2021). Management of chemotherapy side effects
and their long-term sequelae. Urol. A 60 (7), 862–871. doi:10.1007/s00120-021-01569-7

Frontiers in Pharmacology frontiersin.org13

He and Zhang 10.3389/fphar.2023.1217001

https://doi.org/10.3389/fimmu.2021.682435
https://doi.org/10.1007/978-981-15-4272-5_53
https://doi.org/10.7501/j.issn.0253-2670.2022.10.033
https://doi.org/10.3892/mmr.2021.12412
https://doi.org/10.3892/mmr.2021.12412
https://doi.org/10.1007/978-981-15-0602-4_5
https://doi.org/10.1007/978-981-15-0602-4_5
https://doi.org/10.3969/j.issn.1671-6264.2018.05.011
https://doi.org/10.13664/j.cnki.pcr.2016.01.012
https://doi.org/10.13664/j.cnki.pcr.2016.01.012
https://doi.org/10.1016/j.jnutbio.2022.108967
https://doi.org/10.14053/j.cnki.ppcr.201802005
https://doi.org/10.3969/j.issn.1002-7386.2021.16.003
https://doi.org/10.3969/j.issn.1002-7386.2021.16.003
https://doi.org/10.3969/j.issn.1672-9463.2018.03.034
https://doi.org/10.3969/j.issn.1672-9463.2018.03.034
https://doi.org/10.3892/ijo.2014.2617
https://doi.org/10.1002/ijc.30656
https://doi.org/10.1007/s00432-015-2097-9
https://doi.org/10.1080/15384047.2018.1453971
https://doi.org/10.1080/15384047.2018.1453971
https://doi.org/10.1016/j.prp.2019.152707
https://doi.org/10.1177/0300060519887869
https://doi.org/10.1007/s00120-021-01569-7
https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2023.1217001

	Research progress on the anti-tumor effect of Naringin
	1 Introduction
	2 Blocking tumor cell cycle and inhibiting tumor cell proliferation
	2.1 Blocking the cell cycle at various stages
	2.2 Multiple signaling pathways involved in inhibiting tumor cell proliferation

	3 Induction of apoptosis in tumor cells
	3.1 Mitochondrial pathway and death receptor pathway
	3.2 Endoplasmic reticulum pathway
	3.3 Regulation of miRNAs
	3.4 Multiple signaling pathways involved in inducing tumor cell apoptosis

	4 Inhibition of tumor cell invasion and metastasis
	5 Induction of autophagy in tumor cells
	6 Reverse tumor cell drug resistance and enhance chemotherapy drug sensitivity
	7 Others
	7.1 Anti inflammation can prevent the occurrence of cancer
	7.2 Mitigation of chemotherapeutic drug adverse reactions
	7.3 Enhancement and activation of immunity

	8 Discussion and outlook
	8.1 Advantages and characteristics of naringin
	8.2 Development prospect of naringin in anti-tumor field
	8.2.1 Anti tumor potential
	8.2.2 Potential of comprehensive treatment
	8.2.3 Potential to reduce side effects

	8.3 Future issues to be solved and areas for improvement
	8.3.1 Improve solubility
	8.3.2 Improve oral absorption
	8.3.3 Improve drug metabolism and excretion


	Author contributions
	Acknowledgments
	Conflict of interest
	Publisher’s note
	References


