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Abstract
With the dramatic increase in cancer incidence all over the world in the last decades, studies

on identifying novel efficient anti-cancer agents have been intensified. Historically, natural

products have represented one of the most important sources of new lead compounds with

a wide range of biological activities. In this article, the multifaceted anti-cancer action of

propolis-derived flavonoid, galangin, is presented, discussing its antioxidant, anti-

inflammatory, antiproliferative, pro-apoptotic, anti-angiogenic, and anti-metastatic effects

in various cancer cells. In addition, co-effects with standard chemotherapeutic drugs as well

as other natural compounds are also under discussion, besides highlighting modern nano-

technological advancements for overcoming the low bioavailability issue characteristic of

galangin. Although further studies are needed for confirming the anti-cancer potential of galangin in vivo malignant systems,

exploring this natural compound might open new perspectives in molecular oncology.

Keywords: Galangin, absorption, anti-cancer, epigenetics, synergistic, nano-delivery

Experimental Biology and Medicine DOI: 10.1177/15353702211062510

Introduction

Although our understanding about the etiology and molec-
ular mechanisms of carcinogenesis has dramatically
improved in the recent years, cancer is still considered as
an incurable disease in many cases. Moreover, the inci-
dence of this dreadful public health concern has rapidly
increased during the last decades and is unfortunately esti-
mated to further rise, reaching 28.4 million new cases in
2040.1,2 This rapid increase in incidence has intensified
investigations into novel more potent and safe anticancer
agents.3 As natural products have historically provided an
important source for identifying several chemotherapeutic
drugs that are currently approved for the use in clinical

settings,4 studies on the potential anticancer effects of
diverse plant-derived compounds have become more and
more popular all over the world.

Galangin (3,5,7-trihydroxyflavone) is a flavonol-type
naturally active polyphenol found primarily in propolis
and the roots of Alpinia officinarum Hance, but also in
Plantago major L., Alnus pendula Matsum. and Scutellaria
galericulata L. Numerous studies have reported the diverse
biological activities of galangin, exerting antioxidant, anti-
inflammatory, antiviral, and antimicrobial effects.5 In addi-
tion, this flavonol has been demonstrated to exhibit also
anticancer potential against a variety of malignant neo-
plasms, including lung cancer,6 breast cancer,7 ovarian

Impact statement
Galangin is known to have therapeutic

potential against various cancers. It inter-

acts with a variety of recognized cellular

targets and inhibits cancer cell prolifera-

tion. Current review highlights the apopto-

tic, cell cycle arrest, anti-metastasis, and

anti-angiogenic effect of galangin. In addi-

tion, synergistic and nanotherapeutic

actions of galangin have also been dis-

cussed. The uniqueness of the review is to

present all the possible anti-cancer inter-

actions of galangin at a single platform.

ISSN 1535-3702 Experimental Biology and Medicine 2021; 246: 1–15

Copyright ! 2021 by the Society for Experimental Biology and Medicine



346    Experimental Biology and Medicine    Volume 247    February 2022

cancer,8 gastric cancer,9 colon cancer,10 hepatocellular car-
cinoma,11 glioblastoma,12,13 and osteosarcoma.14 Such
anticancer action of galangin comprises antiproliferative,
pro-apoptotic, antiangiogenic, and antimetastatic effects,
through interacting with different molecular targets and
affecting activity of various intracellular signaling path-
ways.15 Furthermore, galangin can modulate also the
action of conventional cancer treatment modalities, leading
to augmentation of therapeutic responses in diverse tumor
cells and malignant tissues,16,17 thereby ameliorating
adverse side effects induced by anticancer drugs.18

Although the current in vitro data suggest galangin as a
very promising anticancer agent, this compound, like other
natural flavonoids, undergoes extensive metabolic conver-
sion in in vivo systems, resulting in the formation of several
glucuronidated, sulfated, and methylated derivatives.19

Several modes have been proposed to overcome the issue
of such low bioavailability, including preparation of differ-
ent nanoparticles encapsulating galangin.20

In this review article, the current knowledge about anti-
cancer activities of galangin in diverse in vitro cancer cell
lines as well as in vivo tumor models is compiled, with the
aim to highlight the strong potential of galangin as a novel
anticancer agent and emphasize the necessity for further
studies with this natural compound.

Absorption and metabolism studies

The chemical moiety present in galangin is 4H-1-benzo-
pyran-4-one,3,5,7-trihydroxy-2-phenyl or 3,5,7-trihydroxy-
flavone which can be synthesized by refluxing
2-methoxy-1–(2,4,6-trihydroxyphenyl) ethanone with ben-
zoic acid and benzoyl chloride. Studies have proven that
galangin is converted in the liver to kaempferol and quer-
cetin by cytochrome P450, both of which have anti-oxidant

properties. Galangin has three hydroxyl groups on its
carbon rings, acts as an enzyme modulator, and can
reduce chemical genotoxicity. Galangin has been shown
to be a strong inhibitor of the aryl hydrocarbon receptor
in earlier studies. It has also been found to exert a range
of biological functions in organisms at non-toxic doses.
From the 4’-position, human liver microsomes metabolize
galangin to kaempferol (Figure 1). The cytochrome
enzymes CYP1A1, CYP1A2, and CYP2C9 catalyze this
reaction.21 Galangin is seen to be glucuronidated and sul-
fated seven times more frequently than it is oxidized.22 The
UDP-glucuronosyltransferase (UGT) 1A9 isoform in the
liver appears to catalyze glucuronidation efficiently.21,23

Interestingly, UGT1A9, as well as UGT1A1 and UGT2B15,
were shown to glucuronidize the 7-position of galangin.24

Galangin and its metabolites are usually excreted in the
feces.25

According to the study done by Goran Benkovi�c et al.,
CYP2C19 and CYP2D6 enzymes were found to be respon-
sible for galangin metabolism. Incubations of CYP2C19 and
CYP2D6 revealed the production of one metabolite—
kaempferol—similar to the studies using human liver
microsomes, suggesting that this enzyme catalyzes the aro-
matic hydroxylation of galangin at position 4’ of ring B.26

Liu et al. identified two galangin metabolites in rat
plasma using ultra-fast liquid chromatography coupled
with electrospray ionization triple quadrupole tandem
mass spectrometry (UFLC-MS/MS). After oral treatment,
two galangin metabolites, galangin-3-O—D-glucuronic
acid (GG-1) and galangin-7-O—D-glucuronic acid (GG-2),
were identified, reiterating the result that galangin was
glucuronidated.19

Chen et al. investigated galangin metabolites in rat
plasma after oral (p.o.) and intravenous (i.v.) administra-
tion. Female Sprague-Dawley (SD) rats were chosen.

Figure 1. Principle metabolic pathways of galangin.
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Each group received 10mg/kg oral galangin and 2mg/kg
intravenous galangin. The routes of administration, accord-
ing to the findings, have a substantial influence on the sys-
temic exposure level of galangin and its metabolites. They
also reported that after p.o. and i.v. administration, galan-
gin was glucuronidated and sulfated, and that the parent
galangin’s oral bioavailability was extremely poor.27

When Curti et al. investigated a mouse animal model,
they observed a similar result. They used 29 mature male
C57BL/6 mice in their study (8weeks old, 20 g average
weight). Brown propolis preparations were found to have
approximately identical quantities of two compounds, gal-
angin and chrysin. However, only glucuronated galangin
was identified in the blood, indicating that galangin is
likely adsorbed and promptly glucuronidated after oral
administration, suggesting that it has weak bioavailability
in mice.28

Given the myriad of biological applications of galangin,
such as anti-cancer,10,29,30 anti-inflammatory,31,32 lipid low-
ering effects33,34 and anti-oxidative effects,35,36 with certain
studies showing that galangin glucuronidated metabolites
have better bioactivities than parent galangin, biological
activity of galangin metabolites must be evaluated more
to be more efficient or safe for biological use.

Anti-cancer potential of galangin

Apoptosis and cell cycle arrest effect

Natural compounds potentiate their anti-cancer effects
through modulating multiple signaling pathways includ-
ing apoptosis and cell cycle arrest. In line with apoptotic
inducing potential of natural compounds (Figure 2), galan-
gin has been shown to induce apoptosis-related decreased
cell viability at 43.45 lg/mL and 168 lg/mL for 48 h in

MCF-7 and LNCaP cells, respectively. However, no such
effect was observed in primary fibroblast cells.37

Similarly, in gastric cancer, galangin reduced cell viability
in MGC803 cells but not normal gastric mucosal epithelial
GES-1 cells.9 Apoptotic promotion by galangin in MGC803
cells was supported by decreased Bcl-2 and inactivated
JAK2/STAT3 pathway, cleaved caspase-3 and PARP.
These findings were further corroborated by the authors
in nude mice xenografted with MGC 803 cells suggesting
the involvement of STAT3/ROS axis in galangin-induced
apoptosis.9 It has also been reported that galangin may
exert its apoptotic effect through inhibition of glyoxalase-
1 thereby inducing oxidative and carbonyl stress.38 It has
been reported that galangin promotes apoptosis in cholan-
giocarcinoma cells by downregulating mir-21 which targets
PTEN. Probable mechanism suggests that the downregula-
tion of mir-21 allows galangin to maintain PTEN levels,39

which leads to reduced phosphorylation of Akt controlling
downstream survival and apoptosis of cholangiocarcinoma
cells.40 In another report, it has been shown that galangin
induced down regulation of H19 and mir 675, promotes
p53 expression and apoptosis in hepatocellular carcinoma
cells MHCC97H cells.11 As stated before, preferential anti-
cancer effects of galangin against cancer cells only have also
been reported in ovarian cancer. It has been shown that
galangin induced apoptosis in A2780/CP70 and OVCAR-
3 cells more effectively as compared to normal IOSE 364 cell
line. Galangin acted through both p53 dependent intrinsic
and extrinsic pathways possibly mediated through
Akt/p70S6K pathway.8 Galangin also induced apoptosis
in U251, U87MG, and A172 glioblastoma cells in a
dose-dependent manner as compared to normal human
astrocytes.13 In kidney cancer cell line A498, galangin
promotes apoptosis through suppressive targeting of

Figure 2. Apoptotic effect of galangin (represented as star) in cancer. It up-regulates and down-regulates apoptotic (p53, caspases, Bax) and anti-apoptotic

(Bcl-2, survivin) proteins respectively. (A color version of this figure is available in the online journal.)
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to augmentation of therapeutic responses in diverse tumor
cells and malignant tissues,16,17 thereby ameliorating
adverse side effects induced by anticancer drugs.18

Although the current in vitro data suggest galangin as a
very promising anticancer agent, this compound, like other
natural flavonoids, undergoes extensive metabolic conver-
sion in in vivo systems, resulting in the formation of several
glucuronidated, sulfated, and methylated derivatives.19

Several modes have been proposed to overcome the issue
of such low bioavailability, including preparation of differ-
ent nanoparticles encapsulating galangin.20
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aim to highlight the strong potential of galangin as a novel
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reaction.21 Galangin is seen to be glucuronidated and sul-
fated seven times more frequently than it is oxidized.22 The
UDP-glucuronosyltransferase (UGT) 1A9 isoform in the
liver appears to catalyze glucuronidation efficiently.21,23

Interestingly, UGT1A9, as well as UGT1A1 and UGT2B15,
were shown to glucuronidize the 7-position of galangin.24
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gin was glucuronidated and sulfated, and that the parent
galangin’s oral bioavailability was extremely poor.27
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ering effects33,34 and anti-oxidative effects,35,36 with certain
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cell viability at 43.45 lg/mL and 168 lg/mL for 48 h in

MCF-7 and LNCaP cells, respectively. However, no such
effect was observed in primary fibroblast cells.37

Similarly, in gastric cancer, galangin reduced cell viability
in MGC803 cells but not normal gastric mucosal epithelial
GES-1 cells.9 Apoptotic promotion by galangin in MGC803
cells was supported by decreased Bcl-2 and inactivated
JAK2/STAT3 pathway, cleaved caspase-3 and PARP.
These findings were further corroborated by the authors
in nude mice xenografted with MGC 803 cells suggesting
the involvement of STAT3/ROS axis in galangin-induced
apoptosis.9 It has also been reported that galangin may
exert its apoptotic effect through inhibition of glyoxalase-
1 thereby inducing oxidative and carbonyl stress.38 It has
been reported that galangin promotes apoptosis in cholan-
giocarcinoma cells by downregulating mir-21 which targets
PTEN. Probable mechanism suggests that the downregula-
tion of mir-21 allows galangin to maintain PTEN levels,39

which leads to reduced phosphorylation of Akt controlling
downstream survival and apoptosis of cholangiocarcinoma
cells.40 In another report, it has been shown that galangin
induced down regulation of H19 and mir 675, promotes
p53 expression and apoptosis in hepatocellular carcinoma
cells MHCC97H cells.11 As stated before, preferential anti-
cancer effects of galangin against cancer cells only have also
been reported in ovarian cancer. It has been shown that
galangin induced apoptosis in A2780/CP70 and OVCAR-
3 cells more effectively as compared to normal IOSE 364 cell
line. Galangin acted through both p53 dependent intrinsic
and extrinsic pathways possibly mediated through
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dose-dependent manner as compared to normal human
astrocytes.13 In kidney cancer cell line A498, galangin
promotes apoptosis through suppressive targeting of

Figure 2. Apoptotic effect of galangin (represented as star) in cancer. It up-regulates and down-regulates apoptotic (p53, caspases, Bax) and anti-apoptotic

(Bcl-2, survivin) proteins respectively. (A color version of this figure is available in the online journal.)
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PI3K/AKT/mTOR signaling pathway supported with
decreased bcl-2 and increased Bax,Cyt-c.41,42 Similarly, in
breast cancer MCF-7 cells, galangin promotes apoptosis
through mitochondrial pathway and PI3K/Akt inhibition.7

Galangin induces endoplasmic reticulum stress by promot-
ing the expression of CHOP and DR4 gene. The ER stress
leads to TRAIL sensitization, Caspases activation and
AMPK phosphorylation-mediated apoptosis in human
breast cancer cells.43 Galangin-induced TRAIL-mediated
apoptosis was also reported in renal carcinoma Caki,
ACHN, and A498 cell lines. NF-kB pathway was inacti-
vated which mediated down regulation of bcl-2, cFLIP,
Mcl-1, and survivin associated apoptosis.44 In human naso-
pharyngeal carcinoma, PI3K/Akt pathway-mediated
apoptosis was p53 independent and therefore, effect of
galangin treatment may exhibit apoptotic potential inde-
pendent of p53.45

Potential anti-cancer effect of galangin also includes its
ability to arrest cancer cells. It has been reported that gal-
angin arrests MCF-7 breast cancer cells by regulating pro-
teins involved in cell cycle regulation. In particular,
galangin treatment leads to downregulation of cyclin D3,
cyclin B1, cyclin-dependent kinases CDK1, CDK2, CDK4,
and upregulation of p21, p27 and p53.7 Galangin has been
reported to arrest nasopharyngeal carcinoma cells in S
phase independent of p53 status.45 Inhibition of p38 by
galangin in laryngeal carcinoma is reported to be the
cause for cell cycle arrest,42 whereas galangin-induced
GO/G1 cell cycle arrest in human head and neck squamous
cell carcinoma cells accompanied with reduced expression
of cyclin D1, CDK4, and CDK6.46 Similar observation of cell
cycle arrest at GO/G1 stage by galangin treatment was also
reported in leukemic Bcr-Ablþ cells and human mammary
tumor cell line Hs578T.17,47

Anti-angiogenic and anti-metastatic effect

Angiogenesis or neo-vasculature is considered as an impor-
tant characteristic of developing tumor. Growing blood
vessels not only provide nutrition and oxygen to the
cancer cells but also facilitates tumor migration.48–51

Therefore, a diverse range of synthetic and natural com-
pounds are being investigated to inhibit tumor angiogene-
sis and metastasis.52–57 Huang et al. investigated the
anti-angiogenic potential of galangin in HUVECS, CAM,
and ovarian cancer cell culture models.58 Galangin was
found to inhibit the secretion of vascular endothelial
growth factor (VEGF) via downregulating the expression
of p-Akt, p-70S6K and hypoxia-inducible factor-1a
(HIF-1a). In tumor microenvironment, high expression of
HIF-1 considered to upregulate the expression of VEGF
which is known to be a primary cytokine for angiogenesis.
Angiogenic environment further supports tumor invasion
and metastasis. In a study, the effects of galangin in human
glioma cancer (A172) cells revealed downregulation of
ADAM9 via extracellular signal regulated kinase (Erk)1/2
activation to inhibit tumor invasion.59 In another study
using human glioblastoma cells, Xiong et al. found galangin
inhibited Skp2 (an oncogene) expression which is account-
able for epithelial-to-mesenchymal transition (EMT).

Similarly, using renal cell carcinoma (786 0 and Caki 1)
galangin inhibited EMT through downregulation of
E-cadherin.12 Upregulated CD44, another important char-
acteristic hall mark in several tumors was found to be sup-
pressed by galangin treatment. Consequently, promising
anti-angiogenic and anti-invasive effects were seen in
glioma (U87 and U251) cells.15 In 12-O-tetradecanoylphor-
bol-13-acetate (TPA)-induced invasive HepG2 liver cancer
cell culture model Chien et al. investigated the anti-
metastatic effect of galangin. Results of the study revealed
that galangin reduced enzymatic activity of MMPs 2, 9 via
ERK1/2, c-Fos, c-Jun, nuclear factor kappa B (NF-jB), and
activator protein 1 (AP-1). The incidences of biliary tumors
including cholangiocarcinoma (CCA) are increasing glob-
ally. In CCA cancer, galangin treatment was found to upre-
gulate the expression of PTEN and downregulates the
phosphorylation of AKT via miR-21inhibition. Another
important oncogene, i.e., H19 is known to associate with
tumor progression, proliferation, and migration. Using
hepatocellular carcinoma (MHCC97H) cells, galangin was
found to inhibit the expression of H19 and miR 675 via up-
regulating p53 levels. Figure 3 depicts the anti-angiogenic
and anti-metastatic mechanisms of action of galangin.

Antioxidant and anti-inflammatory effect

The body in its normal physiological state can maintain a
dynamic balance between antioxidation and oxidation by
eliminating the smaller proportions of ROS generated.
However, when this balance is disturbed, i.e., ROS accumu-
lates at a higher speed than their elimination from body, it
leads to the propagation of various diseases like
Alzheimer’s disease, pulmonary fibrosis, cerebral ische-
mia, and Parkinson’s disease. These diseases can be pre-
vented by the antioxidants such as galangin. Galangin
(3,5,7-trihydroxyflavone) serves various medicinal proper-
ties such as anti-viral, anti-tumor, anti-microbial, anti-
mutagenic, antioxidant, and anti-inflammatory.60–62 The
anti-inflammatory properties of galangin were observed
in different diseases such as asthma, acute lung injury,
arthritis, acute kidney injury, and paw edema. It also
helps in reducing renal inflammation18,63 by the activation
of NLRP3 inflammasomes and inhibition of PI3K/AKTand
NF-jB pathways (Figure 4). It reduces the inflammation
caused by uric acid by inhibiting the caspase-1 activity
and ASC adaptors as well as decreasing the levels of
IL-18 and IL-1b.63

The inflammatory response in the body is regulated by
various pathways such as NLRP3 inflammasome, PI3K/
AKT, and NF-jB. PI3K/AKT is closely associated with
inflammation and helps in the activation of NF-jB (Chien
et al. 2015). NF-jB mediates the expression of mediators
(PGE-2 and NO) and cytokines (IL-1b and TNF-a) to pre-
vent inflammation and aids in host defense. The NLRP3
inflammasomes help in inhibiting the inflammation to var-
ious agents by activation of cysteinyl aspartate-specific pro-
teinase-1 (caspase-1) and secretion of mediators or
cytokines.

Despite possessing different medicinal properties, gal-
angin has a limited number of applications due to its
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insoluble nature, semi-permeability to gastrointestinal bar-
riers, and sensitive nature to environmental parameters like
pH, temperature, and light.64 Its bioavailability can be
enhanced by immobilizing into various carriers such as
b-cyclodextrin (bCD), hydro xypropyl-b-cyclodextrin
(HPbCD).65

Epigenetic effects

Galangin triggered autophagy and apoptosis in cancer cells
through epigenetic modifications, such as histone

acetylation and DNA methylation. Numerous studies
reported that epigenetic alterations are responsible for
gene dysregulation in several human cancers.66–68

Galangin possesses tremendous potential to treat triple-
negative breast cancer by epigenetically restoring estrogen
levels via reduction of hypermethylation level of the
BRCA1 gene in the HCC38 tripe-negative breast cancer
cell. Thus, in the future, it may be used as anti-hormonal
therapy for triple-negative breast cancer.69 For example,
Li et al. demonstrated that galangin induced autophagy in
hepatocellular carcinoma cell HepG2 by deacetylation of

Figure 4. Antioxidant mechanisms of galangin to prevent the inflammation. It modulates the expression of PI3K/AKT, NF-jB, PGE-2, IL-1b and TNF-a during oxidative

stress. (A color version of this figure is available in the online journal.)

Figure 3. Anti-angiogenic and anti-metastatic actions of galangin by inhibiting p-Akt, p-70S6K, HIF-1, VEGF/R and Erk1/2, c-Fos, c-Jun, NF-jB and AP-1 pathways

respectively. (A color version of this figure is available in the online journal.)
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PI3K/AKT/mTOR signaling pathway supported with
decreased bcl-2 and increased Bax,Cyt-c.41,42 Similarly, in
breast cancer MCF-7 cells, galangin promotes apoptosis
through mitochondrial pathway and PI3K/Akt inhibition.7

Galangin induces endoplasmic reticulum stress by promot-
ing the expression of CHOP and DR4 gene. The ER stress
leads to TRAIL sensitization, Caspases activation and
AMPK phosphorylation-mediated apoptosis in human
breast cancer cells.43 Galangin-induced TRAIL-mediated
apoptosis was also reported in renal carcinoma Caki,
ACHN, and A498 cell lines. NF-kB pathway was inacti-
vated which mediated down regulation of bcl-2, cFLIP,
Mcl-1, and survivin associated apoptosis.44 In human naso-
pharyngeal carcinoma, PI3K/Akt pathway-mediated
apoptosis was p53 independent and therefore, effect of
galangin treatment may exhibit apoptotic potential inde-
pendent of p53.45

Potential anti-cancer effect of galangin also includes its
ability to arrest cancer cells. It has been reported that gal-
angin arrests MCF-7 breast cancer cells by regulating pro-
teins involved in cell cycle regulation. In particular,
galangin treatment leads to downregulation of cyclin D3,
cyclin B1, cyclin-dependent kinases CDK1, CDK2, CDK4,
and upregulation of p21, p27 and p53.7 Galangin has been
reported to arrest nasopharyngeal carcinoma cells in S
phase independent of p53 status.45 Inhibition of p38 by
galangin in laryngeal carcinoma is reported to be the
cause for cell cycle arrest,42 whereas galangin-induced
GO/G1 cell cycle arrest in human head and neck squamous
cell carcinoma cells accompanied with reduced expression
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cycle arrest at GO/G1 stage by galangin treatment was also
reported in leukemic Bcr-Ablþ cells and human mammary
tumor cell line Hs578T.17,47
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vessels not only provide nutrition and oxygen to the
cancer cells but also facilitates tumor migration.48–51

Therefore, a diverse range of synthetic and natural com-
pounds are being investigated to inhibit tumor angiogene-
sis and metastasis.52–57 Huang et al. investigated the
anti-angiogenic potential of galangin in HUVECS, CAM,
and ovarian cancer cell culture models.58 Galangin was
found to inhibit the secretion of vascular endothelial
growth factor (VEGF) via downregulating the expression
of p-Akt, p-70S6K and hypoxia-inducible factor-1a
(HIF-1a). In tumor microenvironment, high expression of
HIF-1 considered to upregulate the expression of VEGF
which is known to be a primary cytokine for angiogenesis.
Angiogenic environment further supports tumor invasion
and metastasis. In a study, the effects of galangin in human
glioma cancer (A172) cells revealed downregulation of
ADAM9 via extracellular signal regulated kinase (Erk)1/2
activation to inhibit tumor invasion.59 In another study
using human glioblastoma cells, Xiong et al. found galangin
inhibited Skp2 (an oncogene) expression which is account-
able for epithelial-to-mesenchymal transition (EMT).

Similarly, using renal cell carcinoma (786 0 and Caki 1)
galangin inhibited EMT through downregulation of
E-cadherin.12 Upregulated CD44, another important char-
acteristic hall mark in several tumors was found to be sup-
pressed by galangin treatment. Consequently, promising
anti-angiogenic and anti-invasive effects were seen in
glioma (U87 and U251) cells.15 In 12-O-tetradecanoylphor-
bol-13-acetate (TPA)-induced invasive HepG2 liver cancer
cell culture model Chien et al. investigated the anti-
metastatic effect of galangin. Results of the study revealed
that galangin reduced enzymatic activity of MMPs 2, 9 via
ERK1/2, c-Fos, c-Jun, nuclear factor kappa B (NF-jB), and
activator protein 1 (AP-1). The incidences of biliary tumors
including cholangiocarcinoma (CCA) are increasing glob-
ally. In CCA cancer, galangin treatment was found to upre-
gulate the expression of PTEN and downregulates the
phosphorylation of AKT via miR-21inhibition. Another
important oncogene, i.e., H19 is known to associate with
tumor progression, proliferation, and migration. Using
hepatocellular carcinoma (MHCC97H) cells, galangin was
found to inhibit the expression of H19 and miR 675 via up-
regulating p53 levels. Figure 3 depicts the anti-angiogenic
and anti-metastatic mechanisms of action of galangin.

Antioxidant and anti-inflammatory effect

The body in its normal physiological state can maintain a
dynamic balance between antioxidation and oxidation by
eliminating the smaller proportions of ROS generated.
However, when this balance is disturbed, i.e., ROS accumu-
lates at a higher speed than their elimination from body, it
leads to the propagation of various diseases like
Alzheimer’s disease, pulmonary fibrosis, cerebral ische-
mia, and Parkinson’s disease. These diseases can be pre-
vented by the antioxidants such as galangin. Galangin
(3,5,7-trihydroxyflavone) serves various medicinal proper-
ties such as anti-viral, anti-tumor, anti-microbial, anti-
mutagenic, antioxidant, and anti-inflammatory.60–62 The
anti-inflammatory properties of galangin were observed
in different diseases such as asthma, acute lung injury,
arthritis, acute kidney injury, and paw edema. It also
helps in reducing renal inflammation18,63 by the activation
of NLRP3 inflammasomes and inhibition of PI3K/AKTand
NF-jB pathways (Figure 4). It reduces the inflammation
caused by uric acid by inhibiting the caspase-1 activity
and ASC adaptors as well as decreasing the levels of
IL-18 and IL-1b.63

The inflammatory response in the body is regulated by
various pathways such as NLRP3 inflammasome, PI3K/
AKT, and NF-jB. PI3K/AKT is closely associated with
inflammation and helps in the activation of NF-jB (Chien
et al. 2015). NF-jB mediates the expression of mediators
(PGE-2 and NO) and cytokines (IL-1b and TNF-a) to pre-
vent inflammation and aids in host defense. The NLRP3
inflammasomes help in inhibiting the inflammation to var-
ious agents by activation of cysteinyl aspartate-specific pro-
teinase-1 (caspase-1) and secretion of mediators or
cytokines.

Despite possessing different medicinal properties, gal-
angin has a limited number of applications due to its

4 Experimental Biology and Medicine Volume 246 2021
...............................................................................................................................................................

insoluble nature, semi-permeability to gastrointestinal bar-
riers, and sensitive nature to environmental parameters like
pH, temperature, and light.64 Its bioavailability can be
enhanced by immobilizing into various carriers such as
b-cyclodextrin (bCD), hydro xypropyl-b-cyclodextrin
(HPbCD).65

Epigenetic effects

Galangin triggered autophagy and apoptosis in cancer cells
through epigenetic modifications, such as histone

acetylation and DNA methylation. Numerous studies
reported that epigenetic alterations are responsible for
gene dysregulation in several human cancers.66–68

Galangin possesses tremendous potential to treat triple-
negative breast cancer by epigenetically restoring estrogen
levels via reduction of hypermethylation level of the
BRCA1 gene in the HCC38 tripe-negative breast cancer
cell. Thus, in the future, it may be used as anti-hormonal
therapy for triple-negative breast cancer.69 For example,
Li et al. demonstrated that galangin induced autophagy in
hepatocellular carcinoma cell HepG2 by deacetylation of

Figure 4. Antioxidant mechanisms of galangin to prevent the inflammation. It modulates the expression of PI3K/AKT, NF-jB, PGE-2, IL-1b and TNF-a during oxidative

stress. (A color version of this figure is available in the online journal.)

Figure 3. Anti-angiogenic and anti-metastatic actions of galangin by inhibiting p-Akt, p-70S6K, HIF-1, VEGF/R and Erk1/2, c-Fos, c-Jun, NF-jB and AP-1 pathways

respectively. (A color version of this figure is available in the online journal.)
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LC3 (Light Chain 3) by SIRT1 (Sirtuin 1).70 Mechanistically,
galangin promoted the conversion of LC3 I to LC3 II and
decreased the acetylation of LC3. However, in SIRT1 knock-
down cells, galangin failed to reduce the acetylation of LC3
in vector-infected cells. These results suggest that deacety-
lation of endogenous LC3 by SIRT1 is essential for
galangin-induced autophagy in HepG2 cells.70 Overall, gal-
angin induces autophagy via the deacetylation of endoge-
nous LC3 by SIRT1 in HepG2 cells. Moreover, Lei et al.
showed reduced A172 cell migration and invasion upon
treatment with various concentration of galangin 0, 5, 10,
25 lM for 24 hours compared to non-treated cells.59

Mechanistically, the authors analyzed the invasion associ-
ated protein ADAM9 inside the cell and observed that gal-
angin reduced the ADAM9 protein expression via
activation of ERK1/2 following treatment with different
doses of galangin.59 Taken together, in vitro and in vivo stud-
ies suggested that galangin played a widespread role in
cancer management through blocking the vital oncogenic
pathways, activated during cancer manifestation.

Recently, galangin also acts as an effective molecule for
treating Alzheimer’s disease (AD). Generally, the aberrant
acetylation pattern in the BACE1 (Beta-Secretase 1) gene
leads to the pathogenesis of AD. It was shown that galangin
decreases the acetylation level of the BACE1 promoter
region by increasing the deacetylation pattern of HDAC1
(Histone Deacetylase 1).71

Synergistic effects of galangin

Naturally occurring compounds like flavonols play
remarkable roles in cancer therapy due to their multi-
targeted actions and lack of considerable toxicity. In order
to have maximum therapeutic efficacy and minimum side-
effects with little or no drug resistance, various synergistic
chemo-preventive strategies in combination with estab-
lished chemotherapeutic drugs, had gained a lot attention
in the recent years.72–75 Galangin (GA, 3,5,7-trihydroxyfla-
vone), one of the most important and naturally active

flavonoids, is a polyphenolic compound extracted primar-
ily from the roots of Alpinia officinarum Hance, Alnus pen-
dulaMatsum., Plantago major L., and Scutellaria galericulata L
(S. scrodifolia Fisch.), have been applied as herbal medicines
for various ailments in Asian cultures for centuries.5 The
activity of natural compound is associated with the ability
of flavonols to influence membrane-dependent processes
and a broad range of biological properties, including pro-
hibitive effects on bacteria, fungi, viruses, the control of
hypertension and diabetes, and chemoprevention of sever-
al cancers.5 In addition, galangin has also been found to
enhance the chemo preventive potentiality (Figure 5) of
various other therapeutic drugs. Studies have demonstrat-
ed that the combination of galangin with berberine syner-
gistically resulted in cell growth inhibition, apoptosis, and
cell cycle arrest at G2/M phase with the increased intracel-
lular reactive oxygen species (ROS) levels in esophageal
carcinoma cells.76 Furthermore, this bioactive compound
has been documented to exhibit potent synergismwith fise-
tin (FTN) and quercetin (QTN) and thus correlated the bio-
logical activity of these molecules with their interaction and
localization in dipalmitoyl phosphatidyl choline (DPPC)
bilayers, using differential scanning calorimetry (DSC)
and nuclear magnetic resonance (NMR) methods. Results
indicated that galangin interacts to the alkyl chains of the
lipid bilayer involving hydrophobic interactions and play
an important role in membrane binding and thereby in bio-
logical activity.77 The compound has also been known to
synergize with other cytotoxic natural flavonoids quercetin
and chrysin to show effects on cisplatin (cis-Pt)-induced
apoptosis of human promyelocytic leukemia HL-60 cells
and murine leukemia L1210 cells.78 Recently, it was inves-
tigated that the combination of galangin with cisplatin at a
low concentration induced the apoptosis of lung cancer
cells, even in cells with resistance to cisplatin through inac-
tivation of p-STAT3/p65 and Bcl-2 pathways.16

Additionally, this natural flavonoid has also been reported
to simultaneously induce apoptosis, pytoptosis, and pro-
tective autophagy in human glioblastoma multiforme

Figure 5. This illustration represents synergistic mechanisms of action of galangin in cancer. (A color version of this figure is available in the online journal.)
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(GBM) cells, indicating that combination treatment of gal-
angin with autophagy inhibitors may also be an effective
therapeutic approach for GBM i.e. one of the most common
and deadly primary malignant tumor of the central ner-
vous system in humans.13 Likewise, studies also revealed
that the galangin therapeutic development as synergistic
with gold nanoparticles against human breast cancer cell
line (SKOV-3) through induction apoptosis instantiated
biological mechanism increasing expression of p53,
caspase-8 respect therapeutic targets via mitochondria
pathway.79

Role of nanotechnology in galangin delivery

Galangin is a flavonoid with poor pharmacokinetic profile,
low water solubility, and incompatibility in physiological
media, which limits its therapeutic application.19,80 Among
flavonoid molecules like quercetin, kaempherol, morin,
and myricetin, it is the most lyophilic. The development
of new drug delivery methods might not only overcome
solubility barriers, but also enhance effective drug concen-
tration in tumors while reducing drug accumulation in
normal tissues, reducing undesirable side effects.5,81–85

Nanoparticular delivery methods might therefore be creat-
ed to enhance galangin’s therapeutic benefits, as an anti-
cancer medication.

Ahmed M Al-Shammari et al. investigated the safety of
AuNPs nanoparticles in conjunction with galangin in the
treatment of ovarian cancer. Galangin therapeutic develop-
ment as a synergistic with gold nanoparticles against
human breast cancer cell line (SKOV-3) by induction apo-
ptosis indicated a biological mechanism boosting p53,
caspase-8, and therapeutic targets via mitochondria path-
way, according to the findings.79 Hui Yao et al. developed
galangin-loaded PEG-modified liposomes and tested their
targeting to liver cancer cells in vitro, as well as the
pharmacokinetic characteristics in rats (in vivo).

Under experimental storage circumstances, Gal entrap-
ment efficiency was 80%, with minimum leakage. PEG-
modified liposomes have enhanced solubility, antitumor
effectiveness, and pharmacokinetics when compared to
free Gal.86 To improve galangin’s low permeability and
poor water solubility, Yinghua Li et al. designed Ga-
functionalized SeNPs (selenium nanoparticles) and
enhanced the anti-cancer potential against hepatocellular
carcinoma. It induced caspase-3-mediated HepG2 cell
death via ROS production, according to the underlying
molecular processes.20 Jing Zhu et al. effectively produced
galangin-liposomes utilizing a thin-film hydration tech-
nique to test its oral bioavailability. When compared to
free galangin, the galangin-liposomes demonstrated
higher hepatoprotective benefits in ameliorating CCl4 tox-
icity in mice, according to biochemical and histological
analyses.87 A study done by Hamed Hajipour confirmed
that the GA loaded-Arginyl-glycyl-aspartic acid nanostruc-
tured lipid carrier could significantly improve the antican-
cer potential of doxorubicin. Arginyl-glycyl-aspartic
acid-nanostructured lipid carrier, increases galangin
accumulation in malignant cells via integrin-mediated
endocytosis, according to uptake tests. In comparison to
doxorubicin and galangin loaded-Arginyl-glycyl-aspartic
acid nanostructured lipid carrier, doxorubicin and galangin
loaded-Arginyl-glycyl-aspartic acid nanostructured lipid
carrier demonstrated greater cytotoxicity and apoptotic
effects.88 Table 1 summarizes the galangin’s anticancer
effects in combination with nanoformulation.

Toxicity studies using galangin

Galangin as a natural compound is generally considered to
be safe. However, the experimental evidence confirming
this statement is still rather scarce, pointing to the necessity
for further thorough studies on safety profile of galangin.
Based on the recently reported data, orally administered

Table 1. Anti-cancer activity of galangin nanoformulation in different models.

Sr.no Nanoformulation Experimental model Dose Results Ref.

1 Galangin - gold nanoparticles(18) SKOV3,ovarian cancer cell

line, and HBL, human

epithelial breast tissue

5,10, 25, 50,

100 lg/ml

Synergistic cytotoxic effect against ovarian

cancer cells

30

2 Galangin loaded PEG- modified

liposomes(19)

Hep G2 cells,

Male Wistar rats

5 lM
5mg/kg

PEG-modified liposomes have a greater

cytotoxic impact.

Hep G2 cells had a 1.34-fold increase in

overall apoptosis when compared to

Gal-loaded unmodified liposomes.

31

3 Galangin loaded selenium

nanoparticle(20)

HepG2 cells(normal human

liver cell line)

10 mM Cytotoxic effect,

Induced apoptosis of cancer cells

32

4 Galangin-loaded liposomes(21) ICR mice 300mg/kg Increase in oral bioavailability by 470.12%

in encapsulated

galangin

Better hepatoprotective effects observed

compared with free galangin

33

5 Galangin loaded-NLC-RGD

(loaded-Arginyl-glycyl-aspartic

acid nanostructured lipid carrier)

(22)

Human lung carcinoma

(A549) cell line

3mg/mL When galangin was used in the form of GA

loaded-NLC-RGD, its effects on the

expression of the ABC transporter were

amplified.

Increased Apoptosis and Cytotoxic Effect

(123.4 mM GA -NLC-RGD).

34
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LC3 (Light Chain 3) by SIRT1 (Sirtuin 1).70 Mechanistically,
galangin promoted the conversion of LC3 I to LC3 II and
decreased the acetylation of LC3. However, in SIRT1 knock-
down cells, galangin failed to reduce the acetylation of LC3
in vector-infected cells. These results suggest that deacety-
lation of endogenous LC3 by SIRT1 is essential for
galangin-induced autophagy in HepG2 cells.70 Overall, gal-
angin induces autophagy via the deacetylation of endoge-
nous LC3 by SIRT1 in HepG2 cells. Moreover, Lei et al.
showed reduced A172 cell migration and invasion upon
treatment with various concentration of galangin 0, 5, 10,
25 lM for 24 hours compared to non-treated cells.59

Mechanistically, the authors analyzed the invasion associ-
ated protein ADAM9 inside the cell and observed that gal-
angin reduced the ADAM9 protein expression via
activation of ERK1/2 following treatment with different
doses of galangin.59 Taken together, in vitro and in vivo stud-
ies suggested that galangin played a widespread role in
cancer management through blocking the vital oncogenic
pathways, activated during cancer manifestation.

Recently, galangin also acts as an effective molecule for
treating Alzheimer’s disease (AD). Generally, the aberrant
acetylation pattern in the BACE1 (Beta-Secretase 1) gene
leads to the pathogenesis of AD. It was shown that galangin
decreases the acetylation level of the BACE1 promoter
region by increasing the deacetylation pattern of HDAC1
(Histone Deacetylase 1).71

Synergistic effects of galangin

Naturally occurring compounds like flavonols play
remarkable roles in cancer therapy due to their multi-
targeted actions and lack of considerable toxicity. In order
to have maximum therapeutic efficacy and minimum side-
effects with little or no drug resistance, various synergistic
chemo-preventive strategies in combination with estab-
lished chemotherapeutic drugs, had gained a lot attention
in the recent years.72–75 Galangin (GA, 3,5,7-trihydroxyfla-
vone), one of the most important and naturally active

flavonoids, is a polyphenolic compound extracted primar-
ily from the roots of Alpinia officinarum Hance, Alnus pen-
dulaMatsum., Plantago major L., and Scutellaria galericulata L
(S. scrodifolia Fisch.), have been applied as herbal medicines
for various ailments in Asian cultures for centuries.5 The
activity of natural compound is associated with the ability
of flavonols to influence membrane-dependent processes
and a broad range of biological properties, including pro-
hibitive effects on bacteria, fungi, viruses, the control of
hypertension and diabetes, and chemoprevention of sever-
al cancers.5 In addition, galangin has also been found to
enhance the chemo preventive potentiality (Figure 5) of
various other therapeutic drugs. Studies have demonstrat-
ed that the combination of galangin with berberine syner-
gistically resulted in cell growth inhibition, apoptosis, and
cell cycle arrest at G2/M phase with the increased intracel-
lular reactive oxygen species (ROS) levels in esophageal
carcinoma cells.76 Furthermore, this bioactive compound
has been documented to exhibit potent synergismwith fise-
tin (FTN) and quercetin (QTN) and thus correlated the bio-
logical activity of these molecules with their interaction and
localization in dipalmitoyl phosphatidyl choline (DPPC)
bilayers, using differential scanning calorimetry (DSC)
and nuclear magnetic resonance (NMR) methods. Results
indicated that galangin interacts to the alkyl chains of the
lipid bilayer involving hydrophobic interactions and play
an important role in membrane binding and thereby in bio-
logical activity.77 The compound has also been known to
synergize with other cytotoxic natural flavonoids quercetin
and chrysin to show effects on cisplatin (cis-Pt)-induced
apoptosis of human promyelocytic leukemia HL-60 cells
and murine leukemia L1210 cells.78 Recently, it was inves-
tigated that the combination of galangin with cisplatin at a
low concentration induced the apoptosis of lung cancer
cells, even in cells with resistance to cisplatin through inac-
tivation of p-STAT3/p65 and Bcl-2 pathways.16

Additionally, this natural flavonoid has also been reported
to simultaneously induce apoptosis, pytoptosis, and pro-
tective autophagy in human glioblastoma multiforme

Figure 5. This illustration represents synergistic mechanisms of action of galangin in cancer. (A color version of this figure is available in the online journal.)
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(GBM) cells, indicating that combination treatment of gal-
angin with autophagy inhibitors may also be an effective
therapeutic approach for GBM i.e. one of the most common
and deadly primary malignant tumor of the central ner-
vous system in humans.13 Likewise, studies also revealed
that the galangin therapeutic development as synergistic
with gold nanoparticles against human breast cancer cell
line (SKOV-3) through induction apoptosis instantiated
biological mechanism increasing expression of p53,
caspase-8 respect therapeutic targets via mitochondria
pathway.79

Role of nanotechnology in galangin delivery

Galangin is a flavonoid with poor pharmacokinetic profile,
low water solubility, and incompatibility in physiological
media, which limits its therapeutic application.19,80 Among
flavonoid molecules like quercetin, kaempherol, morin,
and myricetin, it is the most lyophilic. The development
of new drug delivery methods might not only overcome
solubility barriers, but also enhance effective drug concen-
tration in tumors while reducing drug accumulation in
normal tissues, reducing undesirable side effects.5,81–85

Nanoparticular delivery methods might therefore be creat-
ed to enhance galangin’s therapeutic benefits, as an anti-
cancer medication.

Ahmed M Al-Shammari et al. investigated the safety of
AuNPs nanoparticles in conjunction with galangin in the
treatment of ovarian cancer. Galangin therapeutic develop-
ment as a synergistic with gold nanoparticles against
human breast cancer cell line (SKOV-3) by induction apo-
ptosis indicated a biological mechanism boosting p53,
caspase-8, and therapeutic targets via mitochondria path-
way, according to the findings.79 Hui Yao et al. developed
galangin-loaded PEG-modified liposomes and tested their
targeting to liver cancer cells in vitro, as well as the
pharmacokinetic characteristics in rats (in vivo).

Under experimental storage circumstances, Gal entrap-
ment efficiency was 80%, with minimum leakage. PEG-
modified liposomes have enhanced solubility, antitumor
effectiveness, and pharmacokinetics when compared to
free Gal.86 To improve galangin’s low permeability and
poor water solubility, Yinghua Li et al. designed Ga-
functionalized SeNPs (selenium nanoparticles) and
enhanced the anti-cancer potential against hepatocellular
carcinoma. It induced caspase-3-mediated HepG2 cell
death via ROS production, according to the underlying
molecular processes.20 Jing Zhu et al. effectively produced
galangin-liposomes utilizing a thin-film hydration tech-
nique to test its oral bioavailability. When compared to
free galangin, the galangin-liposomes demonstrated
higher hepatoprotective benefits in ameliorating CCl4 tox-
icity in mice, according to biochemical and histological
analyses.87 A study done by Hamed Hajipour confirmed
that the GA loaded-Arginyl-glycyl-aspartic acid nanostruc-
tured lipid carrier could significantly improve the antican-
cer potential of doxorubicin. Arginyl-glycyl-aspartic
acid-nanostructured lipid carrier, increases galangin
accumulation in malignant cells via integrin-mediated
endocytosis, according to uptake tests. In comparison to
doxorubicin and galangin loaded-Arginyl-glycyl-aspartic
acid nanostructured lipid carrier, doxorubicin and galangin
loaded-Arginyl-glycyl-aspartic acid nanostructured lipid
carrier demonstrated greater cytotoxicity and apoptotic
effects.88 Table 1 summarizes the galangin’s anticancer
effects in combination with nanoformulation.

Toxicity studies using galangin

Galangin as a natural compound is generally considered to
be safe. However, the experimental evidence confirming
this statement is still rather scarce, pointing to the necessity
for further thorough studies on safety profile of galangin.
Based on the recently reported data, orally administered

Table 1. Anti-cancer activity of galangin nanoformulation in different models.

Sr.no Nanoformulation Experimental model Dose Results Ref.

1 Galangin - gold nanoparticles(18) SKOV3,ovarian cancer cell

line, and HBL, human

epithelial breast tissue

5,10, 25, 50,

100 lg/ml

Synergistic cytotoxic effect against ovarian

cancer cells

30

2 Galangin loaded PEG- modified

liposomes(19)

Hep G2 cells,

Male Wistar rats

5 lM
5mg/kg

PEG-modified liposomes have a greater

cytotoxic impact.

Hep G2 cells had a 1.34-fold increase in

overall apoptosis when compared to

Gal-loaded unmodified liposomes.

31

3 Galangin loaded selenium

nanoparticle(20)

HepG2 cells(normal human

liver cell line)

10 mM Cytotoxic effect,

Induced apoptosis of cancer cells

32

4 Galangin-loaded liposomes(21) ICR mice 300mg/kg Increase in oral bioavailability by 470.12%

in encapsulated

galangin

Better hepatoprotective effects observed

compared with free galangin

33

5 Galangin loaded-NLC-RGD

(loaded-Arginyl-glycyl-aspartic

acid nanostructured lipid carrier)

(22)

Human lung carcinoma

(A549) cell line

3mg/mL When galangin was used in the form of GA

loaded-NLC-RGD, its effects on the

expression of the ABC transporter were

amplified.

Increased Apoptosis and Cytotoxic Effect

(123.4 mM GA -NLC-RGD).

34
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galangin displayed no signs of toxicity in male Wistar rats
at doses up to 320mg/kg.89 In addition, no significant his-
tological changes were observed in the liver, renal, heart,
and lung tissues of male nude mice injected intraperitone-
ally with galangin at 30mg/kg, along with no alterations in
the serum ALT and AST levels.39 Tables 2 and 3 represent a
bird eye view of various in vitro and in vivo anticancer
applications of galangin to support its promising chemo-
preventive candidature in near future, respectively.

Conclusions

With the ever-increasing global cancer incidence, there is a
rising need for the identification of new efficient and safe
compounds as molecular leads for novel cancer drugs. In
this article, the natural compound galangin is represented
as a potential anticancer agent. Despite the strong in vitro
basis of chemopreventive and chemotherapeutic properties
of this compound, more in vivo studies with different types
of tumor models are definitely needed to be performed in
the future. Also, the safety issue of galangin must be clar-
ified before moving on with the clinical trials. Last but not
least, it is hoped that the use of modern nanotechnological
methods will reveal the best carrier systems for delivering
enough amounts of parent bioactive galangin to the target
malignant tissues.

AUTHORS’ CONTRIBUTIONS

HST: Literature analysis and concept; KS: Contributed in
abstract and introduction section; SA and GK: Contributed
in absorption and nanotechnology section; DA: Designed
in vitro and in vivo tables; JK: contributed in anti-
inflammation section; MK: contributed in structural descrip-
tion of galangin; NCP: Contributed in synergistic section; GP:
contributed in apoptosis and cell cycle arrest; US and AJ: con-
tributed in epigenetic section

DECLARATION OF CONFLICTING INTERESTS

The author(s) declared no potential conflicts of interest with
respect to the research, authorship, and/or publication of this
article.

FUNDING

The author(s) received no financial support for the research,
authorship, and/or publication of this article.

ORCID iDs

Hardeep Singh Tuli https://orcid.org/0000-0003-1155-0094
Shubham Adhikary https://orcid.org/0000-0003-2512-
7510

REFERENCES

1. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, Jemal A,

Bray F. Global cancer statistics 2020: GLOBOCAN estimates of inci-

dence and mortality worldwide for 36 cancers in 185 countries. CA A
Cancer J Clin 2021;71:209–49

2. de Dios NR, Murcia-Mejia M. Current and future strategies in radio-

therapy for small-cell lung cancer. J Clin Transl Res 2020;6:97–108

T
a
b
le

3
.
C
o
n
ti
n
u
e
d
.

T
y
p
e
o
f
c
a
n
c
e
r

A
n
im

a
l
m
o
d
e
ls

E
ff
e
c
ts

M
e
c
h
a
n
is
m
s

D
o
s
a
g
e

D
u
ra
ti
o
n

R
e
fe
re
n
c
e
s

G
a
s
tr
ic

M
a
le

N
u
d
e
m
ic
e
in
o
c
u
la
te
d
s
u
b
c
u
-

ta
n
e
o
u
s
ly

w
it
h
M
G
C

8
0
3
c
e
lls

(5
�
1
0
6
c
e
lls

In
h
ib
it
e
d
tu
m
o
r

g
ro
w
th

#p
-J
A
K
2
/J
A
K
2
,
#p

-S
T
A
T
3
/S
T
A
T
3
,

#B
c
l-
2
,
#c

a
s
p
a
s
e
-3
,
#K

i6
7
,
"c

le
a
v
e
d

c
a
s
p
a
s
e
-3
,
"c

le
a
v
e
d
P
A
R
P

1
2
0
m
g
/k
g

2
1
d
a
y
s

9

R
e
n
a
l

M
a
le

a
lb
in
o
w
is
ta
r
ra
ts

A
m
e
lio

ra
te
s
c
is
p
la
ti
n

in
d
u
c
e
d

n
e
p
h
ro
to
x
ic
it
y

"B
a
x
,
#B

c
l-
2
,
#D

N
A
fr
a
g
m
e
n
ta
ti
o
n
,

#N
F
jB

#p
3
8
,
#J

N
K
,
#E

R
K
1
/2

2
5
,
5
0
a
n
d
1
0
0
m
g
/k
g

(A
d
m
in
is
te
re
d
o
ra
lly

)

1
0
d
a
y
s

9
6

O
v
a
ri
a
n

O
v
c
a
r-
3
c
e
lls

(1
.2

�
1
0
6
c
e
lls
)

im
p
la
n
te
d
in
to

th
e
c
h
o
ri
o
a
lla
n
to
ic

m
e
m
b
ra
n
e
(c
a
m
)
o
f
th
e
9
-d
a
y
-

o
ld

c
h
ic
k
e
n
e
m
b
ry
o

In
h
ib
it
in

vi
vo

a
n
g
io
g
e
n
e
s
is

#b
lo
o
d
v
e
s
s
e
ls
,
#H

IF
-1
a,

#p
h
o
s
p
h
o
ry
la
-

ti
o
n
o
f
A
k
t
a
n
d
p
7
0
S
6
K
,
n
o
e
ff
e
c
t

o
n
th
e
e
x
p
re
s
s
io
n
o
f
P
T
E
N
a
n
d
N
F
jB

(p
5
0
)

4
0
mM

9
d
a
y
s

8

12 Experimental Biology and Medicine Volume 246 2021
...............................................................................................................................................................

3. Arellano EA, Diaz VD, Rodriguez JJC. Current status and future direc-

tions in unresectable stage III non-small cell lung cancer. J Clin Transl

Res 2020;6:109–20
4. Lichota A, Gwozdzinski K. Anticancer activity of natural compounds

from plant and marine environment. Ijms 2018;19: 3533
5. Fang D, Xiong Z, Xu J, Yin J, Luo R. Chemopreventive mechanisms of

galangin against hepatocellular carcinoma: a review. Biomed

Pharmacother 2019;109:2054–61
6. Devadoss D, Ramar M, Chinnasamy A. Galangin, a dietary flavonol

inhibits tumor initiation during experimental pulmonary tumorigene-

sis by modulating xenobiotic enzymes and antioxidant status. Arch

Pharm Res 2018;41:265–75
7. Liu D, You P, Luo Y, Yang M, Liu Y. Galangin induces apoptosis in

MCF-7 human breast cancer cells through mitochondrial pathway

and phosphatidylinositol 3-Kinase/akt inhibition. Pharmacology

2018;102:58–66

8. Huang H, Chen AY, Ye X, Guan R, Rankin GO, Chen YC. Galangin, a

flavonoid from lesser galangal, induced apoptosis via p53-dependent

pathway in ovarian cancer cells. Molecules 2020;25:1579
9. Liang X, Wang P, Yang C, Huang F, Wu H, Shi H, Wu X. Galangin

inhibits gastric cancer growth through enhancing STAT3 mediated

ROS production. Front Pharmacol 2021;12:646628
10. Ha TK, Kim ME, Yoon JH, Bae SJ, Yeom J, Lee JS. Galangin induces

human colon cancer cell death via the mitochondrial dysfunction and

caspase-dependent pathway. Exp Biol Med (Maywood) 2013;238:1047–54
11. Zhong X, Huang S, Liu D, Jiang Z, Jin Q, Li C, Da L, Yao Q, Wang D.

Galangin promotes cell apoptosis through suppression of H19 expres-

sion in hepatocellular carcinoma cells. Cancer Med 2020;9:5546–57

12. Xiong Y, Lai X, Xiang W, Zhou J, Han J, Li H, Deng H, Liu L, Peng J,

Chen L. Galangin (GLN) suppresses proliferation, migration, and inva-

sion of human glioblastoma cells by targeting Skp2-induced epithelial-

mesenchymal transition (EMT). Onco Targets Ther 2020;13:9235–44
13. Kong Y, Feng Z, Chen A, Qi Q, HanM,Wang S, Zhang Y, Zhang X, Yang

N, Wang J, Huang B, Zhang Q, Xiang G, Li W, Zhang D, Wang J, Li X.

The natural flavonoid galangin elicits apoptosis, pyroptosis, and

autophagy in glioblastoma. Front Oncol 2019;9:942
14. Yang Z, Li X, Han W, Lu X, Jin S, Yang W, Li J, He W, Qian Y. Galangin

suppresses human osteosarcoma cells: an exploration of its underlying

mechanism. Oncol Rep 2017;37:435–41

15. Chen D, Li D, Xu XB, Qiu S, Luo S, Qiu E, Rong Z, Zhang J, Zheng D.

Galangin inhibits epithelial-mesenchymal transition and angiogenesis

by downregulating CD44 in glioma. J Cancer 2019;10:4499–508
16. Yu S, Gong LS, Li NF, Pan YF, Zhang L. Galangin (GG) combined with

cisplatin (DDP) to suppress human lung cancer by inhibition of STAT3-

regulated NF-kappaB and bcl-2/bax signaling pathways. Biomed

Pharmacother 2018;97:213–24
17. Tolomeo M, Grimaudo S, Di Cristina A, Pipitone RM, Dusonchet L,

Meli M, Crosta L, Gebbia N, Invidiata FP, Titone L, Simoni D.

Galangin increases the cytotoxic activity of imatinib mesylate in

imatinib-sensitive and imatinib-resistant Bcr-Abl expressing leukemia

cells. Cancer Lett 2008;265:289–97
18. Huang YC, Tsai MS, Hsieh PC, Shih JH, Wang TS, Wang YC, Lin TH,

Wang SH. Galangin ameliorates cisplatin-induced nephrotoxicity by

attenuating oxidative stress, inflammation and cell death in mice

through inhibition of ERK and NF-kappaB signaling. Toxicol Appl

Pharmacol 2017;329:128–39
19. Liu R, Li H, Wei N, Tan Y. Simultaneous determination of two galangin

metabolites from alpinia officinarum hance in rat plasma by UF LC-

MS/MS and its application in pharmacokinetics study. PeerJ 2021;9:

e11041

20. Li Y, Guo M, Lin Z, Zhao M, Xia Y, Wang C, Xu T, Zhu B.

Multifunctional selenium nanoparticles with galangin-induced

HepG2 cell apoptosis through p38 and AKT signalling pathway. R

Soc Open Sci 2018;5:180509
21. Otake Y, Walle T. Oxidation of the flavonoids galangin and kaempfer-

ide by human liver microsomes and CYP1A1, CYP1A2, and CYP2C9.

Drug Metab Dispos 2002;30:103–5

22. Otake Y, Hsieh F, Walle T. Glucuronidation versus oxidation of the

flavonoid galangin by human liver microsomes and hepatocytes.

Drug Metab Dispos 2002;30:576–81
23. Mak K-K, Tan J-J, Marappan P, Balijepalli MK, Choudhury H,

Ramamurthy S, Pichika MR. Galangin’s potential as a functional food

ingredient. Journal of Functional Foods 2018;46:490–503
24. Ma YL, Zhao F, Yin JT, Liang CJ, Niu XL, Qiu ZH, Zhang LT. Two

approaches for evaluating the effects of galangin on the activities and

mRNA expression of seven CYP450. Molecules 2019;24:1171
25. Bloor SJ, Mitchell KA. Metabolic products of european-type propolis.

Synthesis and analysis of glucuronides and sulfates. J Ethnopharmacol

2021;274:114035

26. Benkovi�c G, Bojic M, Males Z, Tomic S. Screening of flavonoid agly-

cons’ metabolismmediated by the human liver cytochromes P450. Acta

Pharmaceut 2019;69:541–62
27. Chen F, Tan YF, Li HL, Qin ZM, Cai HD, Lai WY, Zhang XP, Li YH,

Guan WW, Li YB, Zhang JQ. Differential systemic exposure to galangin

after oral and intravenous administration to rats. Chem Cent J 2015;9:14
28. Curti V, Zaccaria V, Tsetegho Sokeng AJ, Dacrema M, Masiello I,

Mascaro A, D’Antona G, Daglia M. Bioavailability and in vivo antiox-

idant activity of a standardized polyphenol mixture extracted from

brown propolis. Ijms 2019;20:1250
29. Su L, Chen X, Wu J, Lin B, Zhang H, Lan L, Luo H. Galangin inhibits

proliferation of hepatocellular carcinoma cells by inducing endoplas-

mic reticulum stress. Food and chemical toxicology: an international journal

published for the. Food Chem Toxicol 2013;62:810–6
30. Zhang H, Li N, Wu J, Su L, Chen X, Lin B, Luo H. Galangin inhibits

proliferation of HepG2 cells by activating AMPK via increasing the

AMP/TAN ratio in a LKB1-independent manner. Eur J Pharmacol

2013;718:235–44

31. Jung YC, Kim ME, Yoon JH, Park PR, Youn HY, Lee HW, Lee JS. Anti-

inflammatory effects of galangin on lipopolysaccharide-activated mac-

rophages via ERK and NF-kappaB pathway regulation.

Immunopharmacol Immunotoxicol 2014;36:426–32
32. Kim HH, Bae Y, Kim SH. Galangin attenuates mast cell-mediated aller-

gic inflammation. Food and chemical toxicology: an international journal

published for the british industrial. Food Chem Toxicol 2013;57:209–16
33. Jung CH, Jang SJ, Ahn J, Gwon SY, Jeon TI, Kim TW, Ha TY. Alpinia

officinarum inhibits adipocyte differentiation and high-fat diet-

induced obesity in mice through regulation of adipogenesis and lipo-

genesis. J Med Food 2012;15:959–67

34. Kumar S, Alagawadi KR. Anti-obesity effects of galangin, a pancreatic

lipase inhibitor in cafeteria diet fed female rats. Pharm Biol

2013;51:607–13

35. Choi JK, Kim SH. Inhibitory effect of galangin on atopic dermatitis-like

skin lesions. Food and chemical toxicology: an international journal pub-

lished for the British industrial. Food Chem Toxicol 2014;68:135–41
36. Shu YS, Tao W, Miao QB, Lu SC, Zhu YB. Galangin dampens mice

lipopolysaccharide-induced acute lung injury. Inflammation

2014;37:1661–8

37. Kazemi S, Asadi F, Barari L, Morakabati P, Jahani M, Kani SNM,

Soorani F, Kolangi F, Memariani Z. Quantification of flavonoids in

alpinia officinarum hance. via HPLC and evaluation of its cytotoxicity

on human prostate carcinoma (LNCaP) and breast carcinoma (MCF-7)

cells. Acamc 2021;doi: 10.2174/1871520621666210706142157. In press.

38. Kumar R, Tiku AB. Galangin induces cell death by modulating the

expression of glyoxalase-1 and nrf-2 in HeLa cells. Chem Biol Interact

2018;279:1–9

39. Zou WW, Xu SP. Galangin inhibits the cell progression and induces cell

apoptosis through activating PTEN and caspase-3 pathways in retino-

blastoma. Biomed Pharmacother 2018;97:851–63
40. Zou Y, Li R, Kuang D, Zuo M, Li W, Tong W, Jiang L, Zhou M, Chen Y,

Gong W, Liu L, Tou F. Galangin inhibits cholangiocarcinoma cell

growth and metastasis through downregulation of MicroRNA-21

expression. BioMed Res Int 2020;2020:5846938
41. Zhu Y, Rao Q, Zhang X, Zhou X. Galangin induced antitumor effects in

human kidney tumor cells mediated via mitochondrial mediated apo-

ptosis, inhibition of cell migration and invasion and targeting PI3K/

Tuli et al. Anticancer potential of galangin 13
...............................................................................................................................................................



Tuli et al.    Anticancer potential of galangin    357

galangin displayed no signs of toxicity in male Wistar rats
at doses up to 320mg/kg.89 In addition, no significant his-
tological changes were observed in the liver, renal, heart,
and lung tissues of male nude mice injected intraperitone-
ally with galangin at 30mg/kg, along with no alterations in
the serum ALT and AST levels.39 Tables 2 and 3 represent a
bird eye view of various in vitro and in vivo anticancer
applications of galangin to support its promising chemo-
preventive candidature in near future, respectively.

Conclusions

With the ever-increasing global cancer incidence, there is a
rising need for the identification of new efficient and safe
compounds as molecular leads for novel cancer drugs. In
this article, the natural compound galangin is represented
as a potential anticancer agent. Despite the strong in vitro
basis of chemopreventive and chemotherapeutic properties
of this compound, more in vivo studies with different types
of tumor models are definitely needed to be performed in
the future. Also, the safety issue of galangin must be clar-
ified before moving on with the clinical trials. Last but not
least, it is hoped that the use of modern nanotechnological
methods will reveal the best carrier systems for delivering
enough amounts of parent bioactive galangin to the target
malignant tissues.
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