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A B S T R A C T   

Galangin, a non-toxic phytochemical is known to possess several therapeutic applications. Mounting evidences 
have demonstrated that galangin a naturally available flavonoid exerts anticancer effects via several mecha-
nisms. The phytocompound induces apoptosis and renders antiangiogenic property. Additionally, galangin has 
demonstrated significate results in combating various cancer types when administered in combination with other 
phytocompounds or with gold nanoparticles (GNPs). The present article is a critical review of galangin for its 
treatment on different types of cancer and its usability as an alternative cancer therapeutics.   

1. Introduction 

From the ancient times, nature has been assisting humans in various 
methods which extends to finding therapeutics for certain diseases [1,2]. 
It was in Mesopotamia that the first written record of the use of natural 
medicinal plants exists for therapeutics against inflammation derived 
cough and fever and for cancer [3,4]. They are known to target auto-
phagy thus act as a source of therapy [5]. A large part of the developing 
countries (70–95% of the population) depend on traditional medicines 
and this may be due to the diminished opportunity to use modern 
medicines [4,6]. One aspect where the natural compounds are remark-
ably used for treatment is in the field of cancer biology [3]. 

Natural products (NPs) demonstrate unique features than the syn-
thetic molecules granting advantages and posing difficulties during the 
process of drug discovery. NPs have a widely prevalent structural scaf-
folds [7]. They possess high molecular mass, with greater number of SP3 

carbon atoms and oxygen groups. They have less number of nitrogen and 
halogen atoms complimented by increased number of hydrogen accep-
tors and donors and high molecular rigidity [7]. They demonstrate low 
computed octanol–water partition coefficients (cLogP values, inferring 
greater hydrophilicity) in comparasion with synthetic compounds. NPs 
are the main part of oral drugs beyond Lipinski’s rule of five. One pri-
mary challenge with NPs is synthesizing the analogues and to optimize 
them [7]. 

Despite immense progress in the field of research, cancer remains as 
the main reason of death [8]. The deaths due to cancer are ranked 
second, next to heart disease. Statistical evidences exists stating that 

cancer contributes to about 23% deaths in the USA [8,9]. The increase in 
the population growth and life expectancy is attributed to be one of the 
causes for progressive raise in cancer cases demanding the identification 
of new strategies to counter the disease [4]. One class of natural com-
pounds that demonstrate high anticancer potential is the flavonoids. 
Mounting reports exists on the use flavonoids against different cancer 
types and targets [10–15]. 

An elite group of polyphenolic compounds, flavonoids are present in 
plants as bioactive secondary metabolites [16] and are accountable for 
various nutritional advantages [17]. Flavonoids are natural antioxidants 
and thus have gained attention of the researchers. They studied various 
epidemiological and experimental studies to elucidate and comprehend 
on their favourable effects on human diseases [18,19]. The primary 
source of flavonoids are fruits and vegetables [20] tea [20,21], besides 
cocoa products (cocoa powder, chocolate) [22] and red wine [20,23]. 
The rich sources amongst fruits are berries [24,25], plums, cherries [26, 
27] and apples [18,27]. Additionally, the tropical fruits also have high 
amounts of flavonoids [28]. Among the vegetables, the highest levels of 
flavonoids are found in broad beans [29], olives [30], onions [31], 
spinach [32] and shallot [33]. 

Fundamentally, flavonoids are made up of a flavan scaffold, which 
consists of phenylpropanoid chain [34]. This consists of two aromatic 
rings, A and B joined by ring C, which is a heterocyclic pyran structure. 
The chemical structure, the degree of oxidation and linking chain 
unsaturation flavonoids are pivotal in determining the types of flavo-
noids that are broadly of 6 groups, namely, isoflavanones, flavanones, 
flavanols, flavonols, flavones and anthocyanidins [35]. The compound 
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galangin belongs to flavonol group that has an unsaturated C ring 
existing between C2-C3 position which undergo hydroxylation at posi-
tion C3 and is oxidized at C4 [35,36]. Furthermore, Maini et al., studied 
the aqueous stablility of the flavonoids (flavonols) in Dulbecco’s modi-
fied Eagle’s medium (DMEM) and Dulbecco’s phosphate-buffered saline 
(DPBS) and after subjecting to post exposure to UVA radiation in 
methanol and postulated that flavonol stability increases with decrease 
in B-ring substitution [37]. 

2. Impact of galangin on various cancer types 

2.1. Breast cancer 

Breast cancer is reported as one of the predominant causes of deaths 
noticed globally among women and is considered as the leading causes 
of death [38,39]. Galangin in combination with tumor necrosis 
factor-related apoptosis inducing ligand (TRAIL) repressed human 
breast cancer progression in vitro and in vivo that is ER stress and ROS 
dependent and further promotes apoptosis, causing breast cancer cells 
death while showing no toxicity to normal cells or organs via the TRAIL/ 
Caspase-3/AMPK signalling pathway [40], on MCF-7, MCF-10A and 
T47D cell lines and on 6–8 weeks old 40 male Athymic nude mice. 
Furthermore, galangin represses the proliferation in ER- cell lines 
complemented by downregulation of cyclins D3, E and A [41] in Hs578T 
cells. Further galangin extends its potential in synergy with gold nano-
particles (GNPs) in MCF-7 and AMN-3 cell lines by increasing the 
expression of p53, caspase-8, caspase-9 via the mitochondrial pathway 
[42], (Fig. 1, Table 1). 

2.2. Ovarian cancer 

Ovarian cancer is known for worst prognosis and the high mortality 
rate [43]. In ovarian cancer cells such as A2780/CP70 and OVCAR-3, the 
natural compound galangin as shown effective inhibition than on the 
normal cells, I0SE364, displaying an IC50 value of 42.3, 34.5 and 
131.3 µM, respectively. Furthermore, galangin enhances the levels of 
cleaved caspase-3, − 7 by upregulation of Bax protein by p53 dependent 
intrinsic apoptotic pathway and p53 dependent extrinsic pathway by 

upregulating DR5 proteins. Additionally, the downregulation of the 
phosphorylated levels of AKT and phosphorylated p70S6K speculates 
the involvement of AKT/p70s6K pathway induced apoptosis [44]. When 
galangin is used in combination with Gold nanoparticles (GNPs) on 
SKOV3 cell lines triggered apoptosis and increases the expression of p53 
and caspase-8 [45], (Fig. 1, Table 1). 

2.3. Cervical cancer 

When Hela cells were treated with galangin the IC50 value of 50 µM 
was recorded. Furthermore, it was reported that the natural compound 
galangin treatment enhances the ROS levels intracellularly in HeLa cells, 
which leads to DNA damage, activating the cell death. Galangin further 
inhibited the migration of HeLa cells in concentration dependent 
manner with IC50 of ~ 12.5 μM. This shows the antimetastatic potential 

Fig. 1. Various molecular targets of galangin. OC refers to oesopha-
geal carcinoma. 

Table 1 
Effect of galangin on different types of cancer.  

Cancer Name Cell lines Doses Pathways/Targets  

Breast Cancer 
Galangin MCF-7, 

T47D, 
galangin (20 µm) and 
TRAIL (100 ng/mL) 

TRAIL/Caspase-3, 
AMPK signalling 
pathway 

Galangin Hs578T 11 µM CyclinD3, E and A 
Galangin + GNP AMN-3 6.907 µg/mL P53, Caspase-8, 

caspase-9, 
Mitochondrial 
pathway 

MCF-7 28.32 µg/mL   
Ovarian Cancer 

Galangin   Caspase-3,−
7BAXp53 intrinsic 
apoptotic 
pathwayp53 extrinsic 
apoptotic pathway 

A2780/ 
CP70 

42.3 µM 

OVAC-3 34.5 µM 
IOSE364 131.3 µM 

Galangin + GNP SKOV3 37.51 μg/mL p53, caspase 8, 
Mitochondrial 
pathway  

Cervical Cancer 
Galangin HeLa 50 µM, 12.5 µM 

inhibited migration, 
75µM inhibited 
invasion 

Inhibition of 
glyoxalase-1 and 
elevation of oxidative 
and carboxyl stress  

Laryngeal carcinoma 
Galangin TU212 > 10 µM PI3K/AKT/NF-κB, 

mTOR, caspase-3 HEP-2 > 10 µM 
M4 > 20 µM  
Colon cancer 

Galangin HCT-15 
and HT-29 

reduced cell viability 
in a dose-dependent 
manner (with 
increasing 
concentration, 5–200 
µmol/L) 

caspase-3 and − 9  

Renal carcinoma 
Galangin Caki, 

ACHN and 
A498 

Galangin plus TRAIL 
markedly reduced cell 
viability in various 
concentrations of 
galangin and TRAIL 

BCL-2, cFLIP, Mcl-1, 
NF-κB  

Lung Cancer 
Galangin+TRAIL A549 60 µM + 80 ng/mL 

(galangin + TRAIL) 
Proliferation 
activation of caspase- 
8 and p38 MAPK 

Galangin B16F10 10–200 -µM, Galangin 
decreased the 
proliferation of 
B16F10 cells in a dose- 
dependent manner. 

proliferation, 
antimetastatic 

Oesophageal carcinoma 
Galangin Eca9706, 

TE-1, and 
EC109 

30 -µM cell cycle arrest 
30 m-µM + berberine 
90 µM 

cleaved PARP and 
Caspase-3, Bax,BCL- 
2, Mcl-1 and XIAP  
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of galangin. The natural compound galangin regulates the levels of Nrf-2 
leading to decreased expression of glyoxalase-1, thereby causing to 
repress detoxification of methylglyoxal(MG). Elevated MG levels fa-
vours the increased levels of oxidative stress causing cell death. In brief, 
galangin an inhibitor of Nrf-2 can be associated to promote cell death 
and repress in metastatic potential of cancer cells through lowering the 
expression of glyoxalase-1 and elevating the damage resulted due to MG 
and ROS, [46], (Fig. 1, Table 1). 

2.4. Laryngeal carcinoma 

Galangin countered the laryngeal cancer cell proliferation by 
inducing apoptosis favouring the expression of caspase-3 expression by 
modulating the PI3K/AKT/NF-κB [47]. Furthermore, PI3K/AKT that 
governs the mTOR activation was supressed by galangin and corre-
spondingly hindering transcription and proliferation of cancer cell. In 
vivo results have shown that tumor volume and weight in nude was 
reduced [47]. The nude mice used for the study were of 6-week-old SPF 
male BALB/c weighing about 20–25 g. (Fig. 1, Table 1). 

2.5. Colon cancer 

When tested for the efficacy of galangin on human cell lines HCT-15 
and HT-29, it was found that the apoptosis and DNA condensation was 
induced in the dose-dependent mode by promoting caspase-3 and − 9 
and liberating the apoptosis inducing factor into the cytoplasm from the 
mitochondria [48]. Furthermore, the cancer cell death is brought about 
by changing the mitochondria membrane potential and dysfunction 
[48], (Fig. 1, Table 1). 

2.6. Renal carcinoma 

Galangin when treated along with TRAIL has produced apoptosis in 
renal carcinoma cells, Caki, ACHN and A498, while not in the normal 
cells (normal mouse kidney cells and human normal mesangial cells) 
[49]. At the transcriptional level the phytochemical has repressed the 
BCL-2 protein by inhibiting the NF-κB activation and at the 
post-translational levels galangin brought about the downregulation of 
cFLIP, Mcl-1 and survivin expression and increased the proteasome ac-
tivity. In brief, galangin induced TRAIL sensitization has downregulated 
the over-expression of BCL-2, cFLIP, Mcl-1 and survivin, thereby illu-
minating the use of galangin for sensitizer of TRAIL resistant cancer cell 
therapy [49], (Fig. 1, Table 1). 

2.7. Lung cancer 

While TRAIL is one of the most sorted out mechanisms to treat lung 
cancer, a few patients have shown resistance to this. When treated with 
galangin on TRAIL resistant A549 human lung adenocarcinoma cells the 
combined treatment with galangin and TRAIL significantly reduced the 
proliferation of A549 and further induced apoptosis, PARP cleavage, and 
activation of caspase-8 and p38 mitogen-activated protein kinase 
(MAPK) [50]. 

In another study, researchers have focussed on focal adhesion kinase 
(FAK), a validated target for melanoma, which is a cytoplasmic tyrosine 
kinase and demonstrates its role on various cellular processes that in-
cludes proliferation, adhesion and invasion. Upon treating with gal-
angin, proliferation inhibition was observed furthermore, the cell 
spread, cell adhesion and motility was hindered with the reduction of 
FAK mRNA levels and protein levels dose-dependently in addition to 
decrease phosphorylation of FAK (Tyr397). In B16F10 cells, the phyto-
compound galangin has supressed proliferation when subjected to 
various doses. 

Galangin inhibited the generation of the development of tumor col-
onies noticed in the lung tissue of C57BL/6J mouse lung metastatic 
model using B16F10 melanoma cells further establishing its 

antimetastatic ability [51]. The phytocompound galangin when treated 
with cisplatin (DDP) brought about the suppression of cell proliferation, 
reduced the p-STAT3/p65 and suppression of the BCL2 pathways in 
human lung cancer cell lines, A549 . In mice xenograft models (40 male, 
five-week old Athymic nude mice) the combined treatment has syner-
gistically inhibited the tumor growth [52]. Galangin is also recorded to 
inhibit the initiation of tumor by regulating the xenobiotic enzymes and 
antioxidative status [53], (Fig. 1, Table 1). 

2.8. Oesophageal carcinoma 

Galangin was observed to be a potent inhibitor towards the oeso-
phageal carcinoma cells in combination with berberine synergistically 
promoting cell cycle arrest in ECa9706 cancer cells. The key players that 
regulate the transition of G2/M phase such as Cyclin B, Cyclin D, Cyclin 
E, CDK1, CDK2, CDK4, and CDK6 were noticed to be decreased signif-
icantly and significant raise in the protein levels of P21, P27 and P53 
were observed. Galangin along with berberine could further suppress 
Wnt3a and β-catenin expression and induce apoptosis in cancer cells. 
This combination as also shown synergy in favouring the repression of 
cancer cell migration. The in vivo ( 6–8 weeks SPF 24 male BALB/c nude 
mice, weighed 20–25 g) combined treatment has synergistically 
inhibited the tumor growth. Study further demonstrated that the phy-
tocompounds in combination, brought about apoptosis with the upre-
gulation of the apoptosis markers such as cleaved PARP and Caspase-3 
and pro-apoptotic protein of Bax and remarkably downregulating the 
expression of anti-apoptotic proteins Bcl-2, Mcl-1 and XIAP [54], (Fig. 1, 
Table 1). 

2.9. Bioavailability of galangin 

Chen et al., have conducted an experiment to study the metabolites 
of galangin in rat plasma after oral (p.o) and intravenous (i.v.) admin-
istration galangin. The rats used were female Sprague-Dawley (SD) 
weighing about 204–248 g. They were split into two groups, 3 rats per 
group to correspondingly receive 10 mg/kg oral and 2 mg/kg intrave-
nous galangin administration. The study concluded that the modes of 
administration has rendered remarkable influence on the systemic 
exposure level of both galangin and its metabolites. They further put 
forth that after p.o and i.v. administration, galangin was glucuronidated 
and sulfated respectively and the oral bioavailability of the parent gal-
angin was significantly low [55]. 

A similar finding was observed by Curti et al., when conducted the 
experiments on mouse animal model. They have used 29 adult male 
mice C57BL/6 (Charles River, Massachusetts,MA,USA), 8 weeks old 
with an average weight about 20 g. Upon analysing the brown propolis 
extracts, two compounds galangin and chrysin were found to be abun-
dant, approximately about similar concentrations. However, only gal-
angin in its glucuronated form was found in the blood, implying that 
galangin is perhaps adsorbed and is quickly glucuronidated after the oral 
administration reflecting its low bioavailability in mice [56]. 

Liu et al., have identified two metabolites of galangin by using Ultra- 
fast liquid chromatographic coupled with electrospray ionization triple 
quadrupole tandem mass spectrometry (UFLC-MS/MS) analysis in the 
rat plasma. The SD rats weighing of about 200–250 g were used. Post 
oral administration, two galangin metabolites were found galangin-3-O- 
β-D-glucuronic acid (GG-1) and galangin-7-O-β-D-glucuronic acid (GG- 
2), re-establishing the observation that galangin was glucuronidated 
following the oral administration [57]. 

2.10. Cytotoxic and the antigenotoxic effect of galangin 

Bacanli et al. have explore in detail about the cytotoxic and the 
antigenotoxic affect of galangin on V79 cell lines [58]. These cell lines 
are extensively used to study the impact of X-ray, UV radiation and 
oxidizing agent triggered DNA damage and repair [59] and are generally 
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used for mutagenicity and toxic studies [60]. The MTT assay has shown 
that galangin has inhibited the cell viability dose-dependently with IC50 
values of 275.48 µM in V79 cell lines. In another study Kim et al. re-
ported that galangin has inhibited the cell growth on SNU-484 cell lines 
projecting an IC50 of 100 µM [61]. Zhang et al. reported that the cell 
survival repressed upon the impact of galangin dose-dependently on 
HepG2, Hep3B, PLC/PRF/5 cell lines [62]. 

Galangin is reported to exhibit antigenotoxicity against alkylating 
agents, polycyclic aromatic hydrocarbons (PAHs) and radiomimetic 
chemicals [63]. A relatively recent study has shown that increasing 
concentrations of galangin did not strikingly enhance the DNA damage 
when compared with the negative control DSMO, while galangin 
treatment reduced the DNA damage caused by H2O2 observed at all 
concentrations when studied by COMET assay in both lymphocytes and 
V79 cells [58]. Likewise, in the MN assay, galangin has demonstrated no 
genotoxic effect and as reduced the frequency of MN when treated with 
H2O2 at all the concentrations [58]. These findings demonstrate that the 
natural compound galangin exhibits antigenotoxic activity. 

2.11. Galangin analogues 

We extensively searched for the analogues of galangin and found the 
database ChEBI (https://www.ebi.ac.uk/chebi/chebiOntology.do?che 
biId=CHEBI:5262) as a lucrative one. This database has seven ana-
logues (Fig. 2 and Table 2). 

3. Conclusion 

Flavonoids are known to possess various therapeutic applications 
and have been employed to improve the health of humans [36]. They are 
originated from plants and are the secondary metabolites with poly-
phenolic structure [36]. In the current review, we detailed about one of 
the lesser known flavonoid, the galangin. This phyto-compound gal-
angin has various medicinal applications such as antiviral [64,65], 
antibacterial [66] together with anticancer activities. Herein, we 
detailed the impact of galangin on various types of cancer and their 
targets. From the above, galangin has proven to be a valuable candidate 
for cancer. We therefore, believe that this compound may be extensively 
used for treating other cancer types. 
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Fig. 2. Currently available galangin analogues.  

Table 2 
Details of galangin analogues.  

Compound 
no 

Name ID SMILES  

1 2-(3- 
benzoylphenyl)−
3,5,7- 
trihydroxychromen- 
4-one 

CHEBI:149478 O1C(C2––CC 
(––CC––C2)C(––O) 
C3––CC––CC––C3)––C 
(O)C(––O)C––4C1––CC 
(O)––CC4O  

2 8-(1,1- 
dimethylallyl)− 3- 
methylgalangin 

CHEBI:2302 COc1c(oc2c(c(O)cc(O) 
c2c1––O)C(C)(C)C––C)- 
c1ccccc1  

3 galangin 3,5,7-tri-
methyl ether 

CHEBI:5263 COc1cc(OC)c2c(c1)oc 
(-c1ccccc1)c(OC)c2––O  

4 6-(3,3-dimethylallyl) 
galangin 

CHEBI:2160 CC(C)––CCc1c(O)cc2oc 
(-c3ccccc3)c(O)c(––O) 
c2c1O  

5 3-O-methyl-8- 
prenylgalangin 

CHEBI:2304 COc1c(oc2c(CC––C(C) 
C)c(O)cc(O)c2c1––O)- 
c1ccccc1  

6 8-(1,1-dimethylallyl) 
galangin 

CHEBI:2303 CC(C)(C––C)c1c(O)cc 
(O)c2c1oc(-c1ccccc1)c 
(O)c2––O  

7 Glepidotin A CHEBI:5380 CC(C)––CCc1c(O)cc(O) 
c2c1oc(-c1ccccc1)c(O) 
c2––O  
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