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Abstract:
Colorectal cancer (CRC), the third most prevalent cancer in the world, typically originates from abnormal crypts in the 
intestine generated by cancer stem cells (CSCs). Subsequently, these abnormal crypts progressively evolve into polyps 
and eventually colorectal cancer through multiple molecular mechanisms. During carcinogenesis and progression, 
morin, a flavonoid with diverse pharmacological activities, exhibits remarkable anti-cancer effects. Numerous studies 
have confirmed that morin exerts inhibitory effects on CRC through multiple pathways, including the regulation of 
reactive oxygen species (ROS) levels, suppression of nuclear factor κ-B (NF-κB) activity, induction of apoptosis, 
inhibition of tumor energy metabolism, and suppression of CSCs. The anti-cancer effects of morin involve several 
signaling pathways, such as PRKR-like endoplasmic reticulum kinase (PERK)/Nuclear factor erythroid 2-related factor 
2 (Nrf2), NF-κB, AKT, β-cateinin/c-Myc, and signal transducer and activator of transcription 3 (STAT3). Furthermore, 
combination therapy involving morin with other anti-cancer drugs enhances sensitivity to 5-fluorouracil, thereby 
exerting an effect on drug-resistant colorectal cancer. This paper reviews the pharmacokinetic properties of morin, 
along with its anticancer effects and underlying mechanisms in CRC. Given its multi-targeted pharmacological effects, 
capacity to enhance the efficacy of other anti-cancer medications, and excellent safety profile, morin exhibits promising 
potential as a preventive and therapeutic intervention for CRC.
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1. Introduction
Cancer, as a significant public health challenge, poses 
a substantial impediment to increasing life expectancy 
globally. According to GLOBOCAN 2020 data, colorectal 
cancer (CRC) has become the third most prevalent cancer 
in the world, with an estimated 1.88 million new cases 
globally in 2020, the number of which is projected to 
rise to 2.5 million globally by 2035 [1]. Despite notable 
advancements in its treatment, CRC remains the second 
leading cause of cancer-related mortality, accounting for 
920,000 reported fatalities in 2020 [1]. Consequently, it is 
imperative for researchers to explore novel therapeutic in-
terventions or compounds to mitigate both the occurrence 
and progression rates of this disease.
In cancer therapy, flavonoids have garnered increasing 
attention from researchers due to their potent anti-cancer 
properties. Morin (2‘,3,4‘,5,7-pentahydroxyflavone) be-
longs to the class of flavonoids, initially discovered in the 
Moraceae family. The compound morin can be extracted 
from a variety of plants, including figs (Ficus carica L) 
and almonds (Prunus dulcis Mill.) [2, 3]. Extensive re-

search has been conducted on morin owing to its pharma-
cological properties, encompassing its antioxidative po-
tential, anti-inflammatory activity, and anticancer effects 
[4-7]. Numerous studies have demonstrated that morin 
exerts a significant inhibitory impact on CRC by impeding 
its initiation and progression through multiple pathways 
[8-13]. Importantly, morin exhibits mild toxicity with 
safety confirmed by several experimental investigations 
[14]. Therefore, morin holds great promise as an effective 
anti-cancer agent for tumor prevention or adjuvant thera-
py.
This review comprehensively summarizes the anti-cancer 
mechanisms of morin, encompassing diverse facets of 
reactive oxygen species (ROS) regulation, nuclear factor 
κ-B (NF-κB) signaling pathway modulation, apoptosis in-
duction, tumor energy metabolism regulation, and cancer 
stem cells (CSCs) targeting. These mechanisms involve 
intricate signaling pathways, including PRKR-like endo-
plasmic reticulum kinase (PERK)/Nuclear factor erythroid 
2-related factor 2 (Nrf2), NF-κB, β-cateinin/c-Myc, AKT, 
and STAT3.

ISSN 2959-409X 

1



Dean&Francis

2. Structural Features of Morin
In terms of chemical structure, morin belongs to the flavo-
noid group due to its 15-carbon-atom backbone structure 
comprising two benzene rings (A and B) and a heterocycle 
(C). Flavonoids can be classified into different structural 
classes based on the degree of oxidation and the position 
of substituent groups on the C ring. With its 3-hydroxyfla-
vone skeleton, morin belongs to the subgroup of flavonols 
characterized by a γ-pyranone linking two benzene rings 
with five hydroxyl groups at the 2‘, 4‘, 3, 5, and 7 posi-
tions (Figure 1) [15].

Fig. 1 Chemical structure of morin

3. Pharmacokinetic Properties of Mo-
rin
The oral absorption of morin was found to primarily oc-
cur in the colon rather than the small intestine [3, 16]. 
Within the colon, gut microbes convert morin into morin 
aglycone, which exhibits enhanced intestinal absorption 
[3]. In intestinal epithelial cells, morin can bind to and 
inhibit multidrug resistance-associated protein 1 and also 
non-competitively inhibit P-glycoprotein, resulting in re-
duced uptake of morin itself. Consequently, bioavailabil-

ity of morin is limited [3]. However, uptake may not be 
affected in high concentrations of morin because the bind-
ing of morin to multidrug resistance-associated protein 1 
can be saturated [3]. Therefore, through inhibition of mul-
tidrug resistance-associated protein 1 and P-glycoprotein 
activity, morin reduces efflux and promotes the absorption 
of other drugs.
Upon absorption, morin undergoes metabolism in the 
intestine and liver by uridine diphosphate glucuronosyl-
transferase, sulfotransferase, and catechol-O-methyltrans-
ferase to produce glucuronide conjugates, sulfate conju-
gates, and methylated conjugates [3]. Notably, both morin 
itself and its metabolites are co-localized in plasma and 
urine, suggesting that both morin and its conjugated me-
tabolites should be focused on in pharmacological studies 
[3].
Overall, morin exhibits significant nonlinear metabolic 
pharmacokinetics in healthy rats, with dose-dependent 
pharmacokinetic parameters that may be attributed to en-
hanced membrane permeability and metabolic saturation 
phenomena [16]. It is noteworthy that the pharmacokinet-
ic behavior of morin might vary in different disease states 
due to the influence of the underlying pathophysiological 
processes. Therefore, future investigations are warranted 
to compare the pharmacokinetic behavior of morin under 
normal physiological conditions and in colorectal cancer.

4. Molecular Mechanisms of Morin in 
CRC
The remarkable anti-cancer effects of morin have been 
demonstrated by the regulation of ROS levels, modulation 
of the NF-κB signaling pathway, induction of apoptosis, 
modulation of tumor energy metabolism, as well as reduc-
tion of CSCs (Figure 2).
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Fig. 2 Anti-cancer mechanism of morin in CRC.
By inhibiting the activation of IκB kinase, Morin effec-
tively suppresses the NF-κB signaling pathway, resulting 
in a decrease of inflammatory factors and anti-apoptotic 
proteins. Additionally, Morin activates the PERK/Nrf2 
signaling pathway to enhance antioxidant levels and alle-
viate oxidative stress. Morin induces apoptosis via both 
exogenous and endogenous pathways: it up-regulates ex-
pression of Fas receptor in the exogenous pathway while 
concurrently promoting ROS generation, down-regulating 
levels of anti-apoptotic protein, and up-regulating levels of 
pro-apoptotic protein in the endogenous pathway. Inhibi-
tion of NF-κB also augments apoptosis through the endog-
enous pathway. Morin impedes tumor energy supply by 
inhibiting the β-cateinin/c-Myc signaling pathway, leading 
to downregulation of glucose and glutamine transporter 
levels as well as inhibition of metabolic enzyme activities. 
Morin suppresses CSCs by inhibiting the STAT3 signaling 
pathway. TNF, tumor necrosis factor; IKK, IκB kinase; 
IL-6, interleukin-6; IL-8, interleukin-8; COX-2, cycloox-
ygenase-2; PGE2, prostaglandin E2; FAS, Fas cell surface 
death receptor; PARP, poly ADP-ribose polymerase; Bax, 
BCL2-associated X protein; CytC, cytochrome c; ROS, 
reactive oxygen species; PERK, PRKR-like endoplasmic 
reticulum kinase; Nrf2, nuclearrespiratoty factor 2; CSCs, 
cancer stem cells; SLC1A5, solute carrier family 1 mem-
ber 5; GLUT1, facilitated glucose transporter member 1; 
PEP, phosphoenolpyruvate; PKM2, pyruvate kinase M2; 
LDHA, lactate dehydrogenase A; GLS, glutaminase. Fig-
ure credit: original, created with Biorender.com.

4.1 Regulation of ROS
ROS is an inevitable byproduct of mitochondrial oxida-
tive metabolism [17]. Among them, the hydroxyl radical 

exhibits the highest oxidizing capacity and is capable of 
causing intracellular macromolecular damage, whereas 
hydrogen peroxide possesses a relatively weaker oxidiz-
ing potential but serves as an indispensable signaling mol-
ecule in diverse cellular processes [17]. ROS play both 
physiological roles and pose potential hazards; thus, it is 
crucial to maintain their normal and controllable levels 
for organismal homeostasis. Notably, the impact of ROS 
on cancer progression closely correlates with their con-
centration and may either promote or inhibit cancer de-
velopment and progression. Under conditions of oxidative 
stress, ROS can modify the expression and activity of spe-
cific proteins through DNA damage, mutation induction, 
and other pathways, which in turn facilitate malignant cell 
transformation and tumorigenesis [17]. However, in cases 
of increased concentrations, the presence of ROS can hin-
der the cellular cycle and induce apoptosis or autophagy 
to combat cancer [17].
In Wistar rats with CRC induced by 1,2-dimethylhydrazine 
(DMH), prior research has shown that morin activates the 
PERK/Nrf2 signaling pathway to increase the expression 
of heme oxygenase 1, glutathione peroxidase 2, thioredox-
in, glutathione S-transferase, uridine diphosphate glucu-
ronosyltransferase, and other antioxidants. This ultimately 
results in a reduction in the carcinogenic potency of the 
carcinogen DMH and inhibition of tumor growth. Simi-
larly, in DMH-induced Wistar rats with CRC, morin treat-
ment increased antioxidant levels, including superoxide 
dismutase, glutathione S-transferase, catalase, glutathione 
reductase, glutathione peroxidase, and reduced glutathi-
one. Simultaneously, it decreases tissue levels of lipid per-
oxidation products such as thiobarbituric acid substances, 
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lipid hydroperoxides, and conjugated dienes [10]. When 
ROS react with biological molecules like phospholipids 
and cholesterol esters during lipid peroxidation reactions, 
the fluidity and permeability of biological membranes are 
altered, leading to changes in cellular structure and func-
tion. Therefore, morin reduces intestinal tumor incidence 
and prevents intestinal tumor diversity in DMH-induced 
Wistar rats with CRC by mitigating oxidative damage [10].
Conversely, morin can also exert its anti-cancer effects 
through the generation of ROS. Cancer cells exhibit high-
er sensitivity to rapid increases in ROS levels compared to 
normal cells. It has been reported that morin induces de-
polarization of mitochondrial membrane potential (ΔΨm) 
by promoting ROS generation and decreasing catalase and 
glutathione levels in SW480 and HCT-116 colon cancer 
cells. This leads to the release of cytochrome C into the 
cytoplasm, ultimately activating the caspase-dependent 
endogenous apoptotic pathway [5, 6, 11].
In conclusion, morin exhibits intricate regulation of ROS 
levels (Table 1). On the one hand, by reducing ROS lev-
els, morin can mitigate lipid peroxidation and thereby 
reduce tumorigenesis, playing a preventive role against 
tumors. On the other hand, by increasing ROS levels with-
in tumor cells, morin induces apoptosis and decelerates 
tumor progression, thus manifesting its therapeutic effects 
on tumors.

4.2 NF-κB Signaling Pathway
Numerous biological processes, encompassing inflamma-
tion, cellular proliferation, cell death, as well as cellular 
migration, invasion, and metastasis, rely on the NF-κB 
signaling pathway [18]. The NF-κB signaling pathway 
could generally be categorized into canonical and nonca-
nonical pathways, with the former being the most studied 
and in-depth. NF-κB is rendered inactive through binding 
with the inhibitor of NF-κB (IκB) to form trimers that 
are sequestered in the cytoplasm. The activation of the 
canonical pathway can be initiated by various signals, 
including damage-associated molecular patterns, patho-
gen-associated molecular patterns, and pro-inflammatory 
cytokines [18]. Upon activation of the canonical pathway, 
IκB kinase is activated, leading to phosphorylation of IκB 
and its subsequent dissociation from the trimeric complex. 
This allows the translocation of NF-κB dimers into the 
nucleus, where NF-κB dimers promote the transcription 
of NF-κB target genes. Given its association with CRC 
development, progression, and resistance to chemothera-
peutic agents, inhibition of NF-κB activity holds promise 
as a potential therapeutic target for CRC [18].
Previous research has shown that morin possesses the 
ability to attenuate the occurrence of colorectal precan-
cerous lesions and inhibit CRC cellular proliferation 

and tumor growth by effectively suppressing the NF-κB 
signaling pathway [7, 8]. Tumor necrosis factor (TNF) is 
acknowledged as a cytokine capable of inducing NF-κB 
activation and apoptosis. In HCT-116 cells, morin effec-
tively suppressed TNF-induced expression and phosphor-
ylation of p65-NFκB, thereby inhibiting the downstream 
production of interleukin-6 and interleukin-8 through the 
NF-κB signaling pathway, ultimately leading to the inhibi-
tion of CRC cell proliferation [7]. In Wistar rats with CRC 
induced by DMH, morin effectively inhibited activation 
of NF-κB by suppressing activation of IκB kinase and 
preventing dissociation of IκB, thereby down-regulating 
downstream pro-inflammatory factors (TNF-α, interleu-
kin-6, cyclooxygenase-2, and the prostaglandin E2) as 
well as BCL2-associated X protein levels. This ultimately 
prevented CRC development by reducing oxidative stress 
levels and inducing apoptosis [8]. Overall, these results 
indicated that morin exerts anti-inflammatory effects 
while promoting apoptosis as well as preventing colorec-
tal cancer initiation and controlling tumor progression by 
inhibiting the NF-κB signaling pathway (Table 1).

4.3 Apoptosis
Apoptosis is a genetically regulated cell death by mul-
tiple genes involving both exogenous and endogenous 
pathways. The exogenous pathway is initiated by the 
binding of death ligands (e.g., Fas Ligand) to transmem-
brane death receptors (e.g., Fas Receptor). Conversely, 
the endogenous pathway primarily relies on the mitochon-
dria-dependent apoptotic pathway mediated by the Bcl-2 
family, which regulates cell death through modulation of 
outer mitochondrial membrane permeability [19]. When 
intracellular apoptotic stress signals are present, levels of 
pro-apoptotic proteins become elevated, thereby facilitat-
ing the expulsion of cytochrome C from the mitochondria 
into the cytoplasm [20]. Ultimately, activation of both ex-
ogenous and endogenous pathways leads to caspase prote-
ase family activation, thereby inducing apoptosis [19].
It has been observed that the apoptotic pathway can be 
induced by morin in various CRC cell lines, includ-
ing COLO205, SW480, HCT-116, Ccao-2, HT-29, and 
SW620. The underlying mechanism may involve the 
inhibition of NF-κB and AKT signaling pathways [5, 6, 
11, 12]. Morin-induced apoptosis encompasses both the 
activation of endogenous and exogenous pathways. By 
upregulating the Fas receptor and activating caspase-8-de-
pendent apoptosis, morin activates the exogenous apop-
totic pathway [5]. In terms of the endogenous apoptotic 
pathway, morin triggers caspase-9-dependent endogenous 
apoptosis by regulating ROS generation as well as up-reg-
ulating the expression of p53 and pro-apoptotic proteins 
(BCL2-associated X protein, BH3 interacting domain 
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death agonist, and BCL2 associated agonist of cell death), 
while down-regulating the expression of anti-apoptotic 
proteins (BCL2 and baculoviral IAP repeat containing 2). 
This may lead to the loss of the ΔΨm and the release of 
cytochrome C [6, 11, 12]. Ultimately, activated caspase-8 
and caspase-9 initiate caspase-3 activation through protein 
hydrolysis to exert apoptotic effects. Importantly, the role 
of AKT as a key upstream signaling molecule in morin-in-
duced apoptosis has been confirmed, indicating that morin 
exerts its apoptotic effects on CRC cells by inhibiting 
AKT phosphorylation [5]. Furthermore, in the HT-29 cell 
line, treatment with morin also activates transforming 
growth factor-β-activated kinase 1 (Tak1). The Tak1-me-
diated Hippo signaling pathway has been reported to be 
associated with the regulation of apoptosis [11]. Addi-
tionally, as a non-competitive inhibitor of low molecular 
weight phosphotyrosine protein phosphatase (LMW-PTP), 
morin enhances apoptotic sensitivity in HT-29, Caco-2, as 
well as HCT-116 cells by reducing LMW-PTP levels. This 
effect is particularly pronounced when combined with 
5-fluorouracil. High levels of LMW-PTP were observed 
in CRC and correlated with apoptosis evasion, tumor pro-
gression, and unfavorable prognosis. Moreover, the find-
ings obtained in vitro were successfully replicated in Pirc 
rats [20].
In numerous animal models of CRC, morin has exhibit-
ed a remarkable ability to inhibit tumor growth through 
inducing apoptosis [8, 11]. Specifically, the treatment of 
morin significantly reduced tumor weight in nude mice 
(BALB/c nu/nu) with CRC induced by subcutaneous in-
jection of COLO205 cells. Moreover, the tumor tissues 
exhibited elevated levels of p21 and an increased presence 
of apoptotic cells [11]. It has been reported that p21 inhib-
its cell proliferation through apoptosis, cell cycle arrest, 
and DNA damage [11]. Similarly, in the DMH-induced 
Wistar rats with CRC, morin could promote up-regula-
tion of pro-apoptotic protein BCL2-associated X protein 
expression and down-regulation of anti-apoptotic protein 
BCL2 expression in tumor tissues by inhibiting NF-κB ex-
pression, ultimately leading to apoptosis [8]. Additionally, 
it is noteworthy that the DMH-induced CRC animal mod-
el exhibited a significant reduction in cyclooxygenase-2 
levels within tumor tissues [8]. The potential enhancement 
of apoptosis could be attributed to the down-regulation of 
cyclooxygenase-2 expression.
Apoptosis evasion is a critical hallmark in CRC. Morin, 
by inducing apoptosis or enhancing apoptosis sensitivity, 
demonstrates potent pro-apoptotic properties with remark-

able anti-cancer efficacy both in vitro and in vivo (Table 1).

4.4 Tumor Energy Metabolism
Tumor cells exhibit a higher rate of proliferation compared 
to normal cells and, as a result, necessitate an elevated up-
take of nutrients from the surrounding environment, par-
ticularly glucose and glutamine, to fulfill the biosynthetic 
demands associated with cellular proliferation. Therefore, 
targeting the uptake and metabolism of glucose and glu-
tamine in tumor cells has been acknowledged as a viable 
approach for tumor treatment [21].
The transcription factor c-Myc is considered a key driver 
of glucose and glutamine utilization in tumor cells [21]. 
Research has indicated that tumor metabolism can be ef-
fectively suppressed by morin through the inhibition of the 
β-cateinin/c-Myc signaling pathway, which consequently 
affects glycolysis and glutamine hydrolysis. As a result, 
the proliferation of CRC cells and tumor growth are in-
hibited [6, 13]. In the SW480 cell line, treatment with mo-
rin leads to a reduction in facilitated glucose transporter 
member 1 expression and glucose uptake, thereby exert-
ing an antiproliferative effect by attenuating the Warburg 
effect [6]. The administration of morin in DMH-induced 
Wistar rats with CRC resulted in the down-regulation 
of transporter proteins and metabolic enzymes associat-
ed with tumor glucose uptake and glycolysis, including 
facilitated glucose transporter member 1, hexokinase 2, 
lactate dehydrogenase A, as well as pyruvate kinase M2. 
This effect was achieved through the down-regulation of 
β-catenin and c-Myc expression. Similarly, morin inhibits 
the c-Myc-mediated up-regulation of glutamine transport-
er protein neutral amino acid transporter B(0) and gluta-
minase [13]. Overall, morin suppresses c-Myc-induced 
tumor energy metabolism (Table 1).

4.5 CSCs
CSCs possess a remarkable capacity for self-renewal, high 
tumorigenicity, and maintenance of tumor multidirectional 
differentiation, which are closely associated with resis-
tance to anti-cancer therapy, tumor metastasis, and recur-
rence in CRC. CSCs in CRC originate from the crypt, and 
crypt basal columnar cells are considered the true CSCs. 
Abnormalities in the differentiation process of cryptbasal 
columnar cells can lead to the development of CRC [22]. 
CD24, CD133, and CD44 are recognized as markers of 
CSCs in CRC and significantly contribute to their stem-
ness [14, 22]. Studies have shown that morin inhibits the 
self-renewal capacity of CSCs by reducing their numbers 

5



Dean&Francis

and limiting their ability to initiate tumor growth and pro-
gression through mechanisms involving the inhibition of 
pumilio RNA binding family member 1 (PUM1) expres-
sion and the blockade of the STAT3 signaling pathway [12, 
14].
PUM1 is an RNA-binding protein crucial for maintaining 
stemness in colorectal CSCs. In the HCT-116 and CT-26 
CRC cell lines, morin effectively suppressed CRC cell 
proliferation, colony formation, and metastasis by down-
regulating the expression of PUM1 and CD133, as well 
as reducing tumorsphere formation. Both tumorsphere 
formation and CD133 expression are indicative of CSC 
characteristics. Therefore, it can be deduced that the pres-
ence of morin leads to a decrease in both the quantity and 
functionality of CSCs in CRC through its interaction with 
PUM1, thereby effectively hindering the cellular prolifer-
ation and metastasis of CRC cell lines [14].
The STAT3 signaling pathway is essential for vital bio-
logical processes. Upon phosphorylation and activation 
of STAT3, the phosphorylated form translocates into the 

nucleus and regulates target genes transcription [22]. 
Furthermore, many clinical cases have demonstrated that 
telomerase activation specifically occurs in colorectal 
cancer by elongating telomeres in DNA strands to sustain 
the self-renewal viability of colorectal CSCs. Studies have 
revealed that morin down-regulates STAT3 phosphoryla-
tion, which synergistically enhances its inhibitory effect 
on telomerase activity when combined with MST-312 (a 
telomerase inhibitor). By simultaneously targeting STAT3 
and telomerase, the combination treatment of MST-312 
and morin effectively decreased CD133 levels in HT-29 
and SW620 cells, resulting in significant inhibition of the 
proliferation capacity of CSCs, as well as their ability to 
form tumorspheres and invade [12]. In conclusion, mo-
rin exhibits promising therapeutic potential for targeting 
CSCs by effectively reducing their quantity as well as 
self-renewal capacity through targeted inhibition of PUM1 
alongside blockade of the STAT3 signaling pathway (Table 
1).

Table 1. The anti-cancer mechanisms of morin in research with cell lines and animal models
In vitro studies In vivo studies Effects and molecular mechanisms Reference

/
Colon cancer induced by 
DMH in male Wistar rats, 

50 mg/kg/d, 30 weeks

Inhibition of tumorigenesis by increasing expression of 
antioxidant and vascular growth factors through activating 

of the PERK/Nrf2 signaling pathway
[9]

/
Colon cancer induced by 
DMH in male Wistar rats, 

50 mg/kg/d, 30 weeks

Inhibition of tumorigenesis by reducing the oxidative 
stress [10]

/
Colon cancer induced by 
DMH in male Wistar rats, 

50 mg/kg/d, 30 weeks

Inhibition of tumor growth by inducting apoptosis as well 
as decreasing oxidative stress via blocking the NF-κB 

signaling pathway
[8]

HCT-116, 
0~400 µg/ml /

Inhibition of cell proliferation by inducing apoptosis 
through Fas receptor up-regulation as well as modulation 
of BCL2 and IAP family members and ROS generation

[5]

SW480, 50~500 
µM /

Inhibition of cell proliferation by inducing apoptosis 
through ROS generation and promoting loss of ΔΨm, and 

inhibition of the Warburg effect by decreasing GLUT1 
levels

[6]

HT-29 and 
COLO205, 200 

µM

COLO205 cells (5×106 
cells) were injected 

subcutaneously into the 
scapulae of nude mice 
(BALB/c nu/nu), 10/20 

mg/kg/d, 2 weeks

Inhibition of cell proliferation by inducting apoptosis 
through ROS generation, caspase-3 cascade activation and 

p21 levels up-regulation
[11]

HT-29 and 
SW620, 50 mM /

Inhibiting the STAT3 signaling pathway leads to increased 
phosphorylation levels of p53 and BAD, resulting in the 
inhibition of CSCs, suppression of cellular invasiveness, 
induction of apoptosis, and improved sensitivity to 5-FU

[12]
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HT-29 and 
HCT-116, 

15~60 mg/L

HCT-116 cells (1×106 
cells) were injected 
subcutaneously into 

the flanks of nude mice 
(BALB/c nu/nu), 30/60 

mg/kg/d, 3 weeks

Repression of cellular proliferation and neoplastic growth 
through inhibition of the NF-κB signaling pathway [7]

/
Colon cancer induced by 
DMH in male Wistar rats, 

50 mg/kg/d, 30 weeks

Inhibition of tumor growth by affecting glycolysis and 
glutamine hydrolysis in tumor cells through inhibiting the 

β-cateinin/c-Myc signaling pathway
[13]

HCT-116 and 
CT-26, 50~400 

µM
/

Reduction of CSCs and inhibition of colon cancer 
cell proliferation, colony formation, migration, and 

tumorsphere formation by suppression of PUM1 levels
[14]

HT29, HCT-
116, and Caco2, 

1.5 µM

Pirc (F344/NTac-Apcam1137) 
rats, 50 mg/kg/d, 2 weeks

Increasing sensitivity of drug-resistant cells to 5-FU by 
down-regulating LMW-PTP levels [20]

Abbreviation: DMH, 1,2-dimethylhydrazine; PERK/
Nrf2, PRKR-like endoplasmic reticulum kinase/Nuclear 
factor erythroid 2-related factor 2; NF-κB, nuclear factor 
kappa-B; BCL2, B-cell lymphoma-2; IAP, inhibitor of 
apoptosis protein; ROS, reactive oxygen species; ΔΨm, 
mitochondrial membrane potential; GLUT1, facilitated 
glucose transporter member 1; CSCs, cancer stem cells; 
5-FU, 5-fluorouracil; BAD, BCL2 associated agonist of 
cell death; STAT3, signal transducer and activator of tran-
scription 3; PUM1, pumilio RNA binding family member 
1; LMW-PTP, low molecular weight phosphotyrosine pro-
tein phosphatase.

5. Conclusion
Given the high morbidity and mortality rates associated 
with CRC, as well as the issue of drug resistance, it is 
imperative to explore more efficient therapeutic strate-
gies. Morin has been demonstrated to exhibit significant 
anti-cancer efficacy in CRC cell lines and animal models. 
Furthermore, morin acts as an inhibitor of certain meta-
bolic enzymes and efflux transporters, thereby enhanc-
ing the effectiveness of other anti-cancer drugs. These 
properties place morin in a unique position in the field of 
colorectal cancer treatment, with a high potential for drug 
development, either alone or in combination with other 
therapies. Over the past two decades, numerous studies 
have elucidated various anti-cancer mechanisms of morin 
in CRC, including modulation of ROS levels, induction 
of apoptosis, reduction of tumor energy metabolism, and 
inhibition of CSCs. However, there may be other more ex-
tensive and profound mechanisms about morin, and thus, 
further mechanistic studies are warranted. Clinical trials 
on the effectiveness and safety of morin are still lacking, 
even though both in vitro and in vivo investigations have 

suggested the anticancer profits in CRC. Therefore, con-
ducting relevant clinical trials is crucial to validate the 
safety and efficacy profile of morin when used as mono-
therapy or combined with chemotherapeutics or targeted 
therapies.

References
[1]Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram 
I, Jemal A, Bray F. Global cancer statistics 2020: GLOBOCAN 
estimates of incidence and mortality worldwide for 36 cancers in 
185 countries. CA: A Cancer Journal for Clinicians, 2021, 71(3): 
209-249.
[2]Kapoor R, Kakkar P. Protective role of morin, a flavonoid, 
against high glucose induced oxidative stress mediated apoptosis 
in primary rat hepatocytes. PLoS One, 2012, 7(8): e41663.
[3]Mottaghi S, Abbaszadeh H. The anticarcinogenic and 
anticancer effects of the dietary flavonoid, morin: current status, 
challenges, and future perspectives. Phytotherapy Research, 
2021, 35(12): 6843-6861.
[4]Hyun HB, Lee WS, Go SI, Nagappan A, Park C, Han MH, 
Hong SH, Kim G, Kim GY, Cheong J, Ryu CH, Shin SC, Choi 
YH. The flavonoid morin from Moraceae induces apoptosis by 
modulation of Bcl-2 family members and Fas receptor in HCT 
116 cells. International Journal of Oncology, 2015, 46(6): 2670-
2678.
[5]Sithara T, Arun KB, Syama HP, Reshmitha TR, Nisha P. 
Morin inhibits proliferation of SW480 colorectal cancer cells 
by inducing apoptosis mediated by reactive oxygen species 
formation and uncoupling of Warburg effect. Frontiers in 
Pharmacology, 2017, 8: 640.
[6]Chen R, Zhang L. Morin inhibits colorectal tumor 
growth through inhibition of NF-κB signaling pathway. 
Immunopharmacology and Immunotoxicology, 2019, 41(6): 
622-629.

7



Dean&Francis

[7]Sharma SH, Kumar JS, Chellappan DR, Nagarajan S. 
Molecular chemoprevention by morin - A plant flavonoid that 
targets nuclear factor kappa B in experimental colon cancer. 
Biomedicine & Pharmacotherapy, 2018, 100: 367-373.
[8]Sharma SH, Suresh Kumar J, Madhavan S, Nagarajan S. 
Morin supplementation modulates PERK branch of UPR and 
mitigates 1, 2-dimethylhydrazine-induced angiogenesis and 
oxidative stress in the colon of experimental rats. Toxicology 
Mechanisms and Methods, 2020, 30(4): 306-315.
[9]Sreedharan V, Venkatachalam KK, Namasivayam N. Effect 
of morin on tissue lipid peroxidation and antioxidant status in 1, 
2-dimethylhydrazine induced experimental colon carcinogenesis. 
Investigational New Drugs, 2009, 27(1): 21-30.
[10]Chen YC, Shen SC, Chow JM, Ko CH, Tseng SW. Flavone 
inhibition of tumor growth via apoptosis in vitro and in vivo. 
International Journal of Oncology, 2004, 25(3): 661-670.
[11]Chung SS, Oliva B, Dwabe S, Vadgama JV. Combination 
treatment with flavonoid morin and telomerase inhibitor MST-
312 reduces cancer stem cell traits by targeting STAT3 and 
telomerase. International Journal of Oncology, 2016, 49(2): 487-
498.
[12]Sharma SH, Thulasingam S, Chellappan DR, Chinnaswamy 
P, Nagarajan S. Morin and Esculetin supplementation modulates 
c-myc induced energy metabolism and attenuates neoplastic 
changes in rats challenged with the procarcinogen 1,2 - 
dimethylhydrazine. European Journal of Pharmacology, 2017, 
796: 20-31.
[13]Gor R, Saha L, Agarwal S, Karri U, Sohani A, Madhavan T, 
Pachaiappan R, Ramalingam S. Morin inhibits colon cancer stem 
cells by inhibiting PUM1 expression in vitro. Medical Oncology, 
2022, 39(12): 251.
[14]Cho YM, Onodera H, Ueda M, Imai T, Hirose M. A 13-week 
subchronic toxicity study of dietary administered morin in F344 

rats. Food and Chemical Toxicology, 2006, 44(6): 891-897.
[15]Thakur K, Zhu YY, Feng JY, Zhang JG, Hu F, Prasad C, 
Wei ZJ. Morin as an imminent functional food ingredient: an 
update on its enhanced efficacy in the treatment and prevention 
of metabolic syndromes. Food & Function, 2020, 11(10): 8424-
8443.
[16]Hou YC, Chao PD, Ho HJ, Wen CC, Hsiu SL. Profound 
difference in pharmacokinetics between morin and its isomer 
quercetin in rats. Journal of Pharmacy and Pharmacology, 2003, 
55(2): 199-203.
[17]Cheung EC, Vousden KH. The role of ROS in tumour 
development and progression. Nature Reviews Cancer, 2022, 
22(5): 280-297.
[18]Taniguchi K, Karin M. NF-κB, inflammation, immunity 
and cancer: coming of age. Nature Reviews Immunology, 2018, 
18(5): 309-324.
[19]Carneiro BA, El-Deiry WS. Targeting apoptosis in cancer 
therapy. Nature Reviews Clinical Oncology, 2020, 17(7): 395-
417.
[20]Lori G, Paoli P, Femia AP, Pranzini E, Caselli A, Tortora 
K, Romagnoli A, Raugei G, Caderni G. Morin-dependent 
inhibition of low molecular weight protein tyrosine phosphatase 
(LMW-PTP) restores sensitivity to apoptosis during colon 
carcinogenesis: studies in vitro and in vivo, in an Apc-driven 
model of colon cancer. Molecular Carcinogenesis, 2019, 58(5): 
686-698.
[21]Pavlova NN, Thompson CB. The emerging hallmarks of 
cancer metabolism. Cell Metab, 2016, 23(1): 27-47.
[22]Liao W, Zhang L, Chen X, Xiang J, Zheng Q, Chen N, Zhao 
M, Zhang G, Xiao X, Zhou G, Zeng J, Tang J. Targeting cancer 
stem cells and signalling pathways through phytochemicals: a 
promising approach against colorectal cancer. Phytomedicine, 
2023, 108: 154524.

8




