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Abstract 

Dysregulation of cellular metabolism is a key marker of cancer, and it is suggested that metabolism should 
be considered as a targeted weakness of colorectal cancer. Increased polyamine metabolism is a common 
metabolic change in tumors. Thus, targeting polyamine metabolism for anticancer therapy, particularly 
polyamine blockade therapy, has gradually become a hot topic. Quercetin-3-methyl ether is a natural 
compound existed in various plants with diverse biological activities like antioxidant and antiaging. Here, 
we reported that Quercetin-3-methyl ether inhibits colorectal cancer cell viability, and promotes 
apoptosis in a dose-dependent and time-dependent manner. Intriguingly, the polyamine levels, including 
spermidine and spermine, in colorectal cancer cells were reduced upon treatment of Quercetin-3-methyl 
ether. This is likely resulted from the downregulation of SMOX, a key enzyme in polyamine metabolism 
that catalyzes the oxidation of spermine to spermidine. These findings suggest Quercetin-3-methyl ether 
decreases cellular polyamine level by suppressing SMOX expression, thereby inducing colorectal cancer 
cell apoptosis. Our results also reveal a correlation between the anti-tumor activity of 
Quercetin-3-methyl ether and the polyamine metabolism modulation, which may provide new insights 
into a better understanding of the pharmacological activity of Quercetin-3-methyl ether and how it 
reprograms cellular polyamine metabolism. 
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1. Introduction 
Colorectal cancer (CRC) is the third most 

common cancer in the world, and its morbidity and 
mortality are increasing globally [1]. CRC accounted 
for 10% of cancer cases and 9.4% of cancer deaths 
worldwide in 2020, and the number of new CRC cases 
worldwide is expected to reach 3.2 million in 2040[2]. 
Colorectal cancer is a multifactorial disease involving 
genetic, epigenetic, and environmental factors [3]. The 
information provided by genetic and transcriptomic 
studies has greatly facilitated the diagnosis and 
treatment of colorectal cancer [4, 5]. However, 

advanced treatment of colorectal cancer becomes 
challenging and resistance to most forms of 
combination therapy develops, leading to CRC 
metastasis as the leading cause of cancer-related death 
[6, 7]. Therefore, in order to better propose targetable 
vulnerabilities for colorectal cancer, it is necessary to 
understand the mechanisms that lead to colorectal 
cancer initiation, progression, and dissemination.  

Cell metabolism is closely linked to tumor cell 
fate and phenotype. Work done over the past 17 years 
has demonstrated that the reprogramming of cellular 
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metabolism is the active process controlled by 
oncogenes and tumor suppressors that provide cancer 
cells with energy, reduction of equivalents and 
biosynthetic precursors [8]. In fact, cancer cells can 
maintain their high cell division rate and biosynthetic 
demands by utilizing most of the core metabolic 
pathways, including glucose, amino acid and lipid 
metabolism [9]. Polyamine metabolism, which is often 
dysregulated in cancer and other hyperproliferative 
diseases, has become an attractive target for cancer 
therapeutic interventions [10]. Polyamines are a class 
of aliphatic polycationic compounds found in 
mammals, consisting mainly of putrescine (PUT), 
spermidine (SPD) and spermine (SPM) [11]. It has 
been shown that polyamines have important roles in 
regulating apoptosis, cell division and differentiation, 
cell viability, DNA and protein synthesis, gene 
expression, homeostasis and signal transduction in 
vivo [12-14]. Polyamine biosynthesis begins with 
arginine. In mammals, arginine is first converted to 
ornithine by arginase, then decarboxylated by 
ornithine decarboxylase (ODC) to synthesize 
putrescine, which then synthesizes spermidine and 
spermine in turn under the action of spermidine 
synthase (SRM) and spermine synthase (SMS) [11, 12, 
15]. To date, numerous studies have shown that 
polyamine metabolism disorders are closely related to 
many diseases, including cancer, inflammation, 
atherosclerosis, renal failure and diabetes. Excessive 
accumulation or depletion of intracellular 
polyamines, especially SPD, can have deleterious 
effects on mammalian cells and may lead to cell death 
[10, 12, 16-19]. A number of inhibitors targeting 
polyamine biosynthetic and catabolic enzymes and 
polyamine transport have been developed and tested 
in preclinical studies [20]. Despite early in vitro trials 
and several preclinical cancer models showing 
promise, clinical trials using a single drug to target the 
polyamine pathway have not worked well. 
Fortunately, 2-difluoromethylornithine (DFMO), an 
irreversible ODC inhibitor, has shown single 
significant success in the treatment of anaplastic 
gliomas [20, 21], and DFMO in combination with 
sulindac in the prevention of colorectal cancer (CRC) 
has shown encouraging efficacy in clinical trials [22]. 
Using this negative regulation of polyamines content 
in cancer cells, analogues similar to natural 
polyamines have been developed, which are sufficient 
to simulate this effect and reduce the content in cancer 
cells, but cannot play their tumor-promoting function. 
A highly innovative application of polyamine analogs 
is for the construction of self-immolative prodrug 
nanoparticles for delivery of therapeutic nucleic acids 
and other drug cargoes [23, 24]. Particularly exciting is 
that polyamine blockade therapy (PBT) promotes 

antitumor immune responses, resulting in greater 
antitumor effects than would be expected from 
depleting polyamines alone in tumor cells [25]. Over 
the past decade, the emergence of new research tools 
and methods has allowed us to better understand the 
molecular mechanisms involved in polyamines and 
how to best target polyamine metabolism and 
function for therapeutic benefit in cancer treatment. 

In recent decades, many countries have utilized 
multiple forms of complementary and alternative 
medicine to combat cancer [26, 27]. Quercetin-3- 
methyl ether (Q3ME), a natural compound found in 
various plants, including Caesalpinia Bonduc, Larrea 
Divaricata Cav., Cistus Laurifolius, Polygonum 
amphibium [28-31], has been shown to have 
anti-oxidant, anti-inflammatory, anti-viral, hypogly-
cemic and immunomodulatory effects [32-36]. Most 
interestingly, Quercetin-3-methyl ether has obtained 
wide attention in cancer treatment. Studies have 
shown that it significantly inhibits the formation of 
human breast cancer stem cells by inhibiting Notch1 
and Pl3K/Akt signaling pathways, and Q3ME can 
also induce lymphoma cell apoptosis through 
nitrosative stress [37, 38]. However, the effect of 
Quercetin-3-methyl ether on polyamine metabolism 
in colorectal cancer cell is largely unknown. In the 
present study, we demonstrated the tumor- 
suppressing effect of Quercetin-3-methyl ether by 
inhibiting colorectal cancer cell viability, and inducing 
apoptosis. We also revealed that the 
apoptosis-inducing activity of Q3ME is correlated 
with polyamine metabolism modulation, which 
reduces cellular polyamine levels by suppressing 
SMOX (spermine oxidase) expression. 

2. Materials and Methods 
2.1. Reagents and Antibodies 

Quercetin-3-methyl ether was purchased from 
Sigma-Aldrich. Dulbecco's modified Eagle's medium 
(DMEM) was obtained from Gibco. Fetal bovine 
serum (FBS) was obtained from Biological Industries. 
Bcl-xL antibody (2764P), Bax antibody (5023S), 
Cleaved Caspase-3 antibody (9664S), Caspase-3 
antibody (9662S), and GAPDH (14C10) were 
purchased from Cell Signaling Technology. SMOX 
antibody (15052-1-AP), ODC1 antibody (28728-1-AP), 
SRM antibody (15979-1-AP) were purchased from 
Proteintech. 

2.2. Cell culture 
Human colorectal cancer cell line RKO and 

SW1116 were obtained from the Cell Bank Type 
Culture Collection of the Chinese Academy of 
Sciences (Shanghai, China). RKO is a poorly 
differentiated colon carcinoma cell line and exhibited 
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an epithelial-like morphology. SW1116, a cell line 
exhibiting epithelial morphology, was isolated from 
the colorectal adenocarcinoma. RKO and SW1116 cells 
were cultured in DMEM medium containing 10% fetal 
bovine serum and 1% penicillin/streptomycin in a 5% 
CO2 incubator at 37°C. 

2.3. Cell growth assay 
To examine the effect of Quercetin-3-methyl 

ether on colorectal cancer cell viability, the cells were 
seeded (3×103 cells/well) in 96-well plates with 
DMEM containing 10% FBS, and cultured at 37°C in a 
5% CO2 incubator. After 24 h, the cells were 
supplemented with fresh medium and treated with 
Quercetin-3-methyl ether (0 µM, 10 µM, 20 µM, 40 
µM). Following culturing for the indicated times (0–72 
h), 10 µL of CCK-8 solution (Dojindo) was added into 
each well and the wells were cultured at 37°C in a 5% 
CO2 incubator for 2 hours. Finally, the absorbance was 
measured at 450 nm. 

2.4. Western blot analysis 
The cancer cells (6×105 cells/well) were cultured 

overnight in a 6-well plate, the cells were then treated 
with Quercetin-3-methyl ether (0 µM, 10 µM, 20 µM) 
in a medium containing 10% FBS. The collected cells 
were lysed on ice with lysis buffer and then 
ultrasonically lysed. Centrifugation was performed at 
12000 rpm at 4°C for 15 min, and the supernatant was 
collected for further analysis. Total protein 
concentration of cell lysates was determined using the 
BCA Protein Concentration Assay Kit (Enhanced) 
(Beyotime Biotechnology) according to the 
manufacturer's instruction. Protein samples were 
separated by SDS-PAGE and transferred to PVDF 
membrane (Millipore), where they were incubated 
with primary and HRP-conjugated secondary 
antibodies. The protein bands were observed with 
ECL reagent. GAPDH was served as the loading 
control. 

2.5. Apoptosis assay 
RKO and SW1116 cells (5×105 cells/well) were 

inoculated into a 6-well plate and incubated overnight 
in an incubator with 5% CO2 at 37°C. The cells were 
treated with Quercetin-3-methyl ether (0 µM, 10 µM, 
20 µM). Apoptotic cells were analyzed using Annexin 
V FITC/PI staining following the manufacturer’s 
protocol and the fluorescence intensity of the staining 
was measured by flow cytometry.  

2.6. Colony formation assay 

The cells were inoculated at a density of 500 cells 
per well in a 6-well plate and were allowed to 
incubate overnight in a 5% CO2 incubator at 37°C. 

Subsequently, the cells were provided fresh culture 
medium and exposed to Quercetin-3-methyl ether (0 
µM, 10 µM, 20 µM). The medium was refreshed every 
3 days. After a 7-day incubation period, the colonies 
were fixed using 10% formaldehyde for 10 min and 
stained with a 1% crystal violet solution for 25 min. 
Subsequently, images were captured and the colonies 
were quantified. 

2.7. RNA extraction and RT-qPCR 
Total RNA was extracted using RNA isotriazole 

reagent (TaKaRa, Japan). Reverse transcription of 
RNA was performed using the PrimeScript™ RT 
Reagent Kit and gDNA Eraser (TaKaRa, Japan) 
according to the manufacturer's instructions. 
Real-time PCR was generated on an Applied 
Biosystems 7500 (Thermo Fisher, USA) using Master 
Mix containing SYBR Green (TaKaRa, Japan). GAPDH 
was used as a control. Relative expressions were 
calculated using the comparative threshold cycle 
(2-ΔΔCt) method. The primers were as follows: ODC1 
forward primer: TTTACTGCCAAGGACATTCTGG, 
reverse primer: GGAGAGCTTTTAACCACCTCAG; 
SRM forward primer: ACCAGCTCATGAAGACA 
GCACTCA, reverse primer: TGCTACACAGCATG 
AAGCCGATCT; SMOX forward primer: TCTGCAC 
AGAGATGCTTCGACAGT, reverse primer: TTGAG 
CCCACCTGTGTGTAGGAAT; GAPDH forward 
primer: GCACCGTCAAGGCTGAGAAC, reverse 
primer: TGGTGAAGACGCCAGTGGA. 

2.8. Spermine and spermidine analysis by 
HPLC 

The levels of spermine and spermidine in 
colorectal cancer cells were determined by high 
performance liquid chromatography (HPLC). RKO 
and SW1116 cells (5×105 cells / well) were inoculated 
in a six-well plate and incubated with 
Quercetin-3-methyl ether (0 µM -20 µM). The culture 
medium treated with Quercetin-3-methyl ether was 
collected to measure extracellular spermine and 
spermidine levels. The cells in the 6-well plate were 
digested by trypsin and centrifuged. Cold 5% HClO4 
was added to the cell samples to precipitate protein. 
After low-temperature centrifugation, spermine and 
spermidine levels in the cells were measured in the 
supernatant. Immediately after derivatization with 
Dansyl chloride, it was determined by HPLC system 
(Shimadzu, Japan). Chromatographic conditions: 
Mobile phase: A phase was ultrapure water, B phase 
was acetonitrile, gradient elution; Detector: 
fluorescence detector; excitation wavelength is 340 
nm, emission wavelength is 510 nm; Flow rate: 
1ml/min; injection volume: 10 μL; Column 
temperature: 40°C. 
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2.9. Statistical analysis 
All numerical data are presented as mean ± 

standard error of the mean (SEM). Statistical 
significance of differences was performed by 
Student's t-test using GraphPad Prism 8.0 software 
(USA). One-way ANOVA was used to determine 
statistical differences between multiple tests. Values 
of P<0.05 were considered to be significantly 
different. All experiments were repeated three times. 

3. Results 
3.1. Quercetin-3-methyl ether inhibits the 
viability of colorectal cancer cells 

Immortal viability is one of the malignant 
features of cancer cells. To this end, we examined the 
effect of Q3ME on the viability of colorectal cancer 
cells using the CCK-8 assay and colony formation 
assays. Colorectal cancer cells were treated with 
different concentrations of Q3ME at different times. 
The results showed that decreased cell viability was 
observed under the microscope after Q3ME treatment 
(Figure 1A). The results of CCK-8 assay showed that 
the viability of colorectal cancer cells was slightly 

inhibited after 24 hours of treatment with Q3ME 
(Figure 1B), and with the prolongation of drug 
treatment time, cell viability was significantly 
inhibited with the concentration of 40 μM (Figure 1B). 
Considering that the cell viability was significantly 
inhibited when treated with Q3ME concentration of 
40 μM for 72 hours, 0 μM, 10 μM and 20 μM were 
selected for subsequent experiments. The colony 
formation assay was consistent with the CCK-8 
results that Q3ME significantly inhibited the viability 
of colorectal cancer cells (Figure 1C and D). Thus, 
Q3ME inhibited the viability of colorectal cancer cells 
in a dose- and time-dependent manner.  

3.2. Quercetin-3-methyl ether promotes 
apoptosis of colorectal cancer cells 

Our previous study showed that Q3ME 
significantly inhibited the viability and clonal 
formation of lapatinib-sensitive and drug-resistant 
cell lines in breast cancer cells, induced G2/M phase 
arrest and promoted apoptosis [37]. It has been 
demonstrated that Q3ME inhibits the viability of 
colorectal cancer cells in a dose- and time-dependent 
manner. In order to determine whether Q3ME can 

 

 
Figure 1. Quercetin-3-methyl ether inhibits the viability of colorectal cancer cells. (A) RKO and SW1116 cells were treated with 0-20 μM Quercetin-3-methyl ether 
for 72 h and cell morphology was observed under a microscope. (B) RKO and SW1116 cells were treated with increasing concentrations of Quercetin-3-methyl ether for 0-72 
h and the cell viability was detected by CCK-8 assay. (C) RKO and SW1116 cells were treated with different concentrations of Quercetin-3-methyl ether and cell colonies were 
stained with crystal violet staining solution. (D) Quantitative analysis of the crystal violet-stained cells. ***P < 0.001, ****P < 0.0001. 
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induce apoptosis of colorectal cancer cells, the number 
of apoptotic cells was detected by flow cytometry 
after treatment with different concentrations of 
Q3ME. The results showed that apoptosis of colorectal 
cancer cells increased with the increase of Q3ME 
concentration (Figure 2A), especially when the 
concentration of Q3ME was 20 μM, the apoptosis rate 
reached 12.03% (RKO) and 56.9% (SW1116). The 
difference of 44.87% in the apoptosis rate of the two 
colorectal cancer cell lines may be due to the different 
degree of differentiation between the cell lines. RKO 
cells are poorly differentiated cell lines, while SW1116 
cells are moderately differentiated cell lines. 
Therefore, it could be speculated that Q3ME might 
have a stronger apoptosolytic effect on 
well-differentiated and moderately differentiated 
colorectal cancer cell lines. Western Blot results 
echoed flow cytometry results, and Q3ME could 
promote the expression of Bax and Cleaved caspase3, 
and inhibit the expression of anti-apoptotic protein 
Bcl-xl (Figure 2B and C). These findings suggest that 
Q3ME inhibits CRC cell viability and promotes 
apoptosis. 

3.3. Quercetin-3-methyl ether reduces the 
content of spermine and spermidine in 
colorectal cancer cells 

Polyamines are necessary for normal cell growth, 
and their consumption can cause cell stagnation. In 
the early stages of tumor transformation and 
progression, multiple carcinogenic pathways lead to 
polyamine demand and metabolic dysregulation, 
suggesting that elevated polyamine levels are 
necessary for tumor progression [20, 39]. Whether 
Q3ME affects the viability of colorectal cancer cells 
and promotes cell apoptosis through the polyamine 
metabolic pathway has not been reported. To this end, 
we treated colorectal cancer cells with different 
concentrations of Q3ME to detect the intracellular and 
extracellular polyamine content (spermine and 
spermidine) by High Performance Liquid Chromato-
graphy. The results showed that Q3ME decreased the 
levels of spermine and spermidine in colorectal cancer 
cells (Figure 3A and B), while the concentrations of 
spermine and spermidine in cell supernatant did not 
change (Figure 3C and D). These results suggest that 
Q3ME may promote the apoptosis of colorectal cancer 

 

 
Figure 2. Quercetin-3-methyl ether promotes apoptosis of colorectal cancer cells. (A) RKO and SW1116 cells treated with Quercetin-3-methyl ether for 48 h were 
detected by flow cytometry using Annexin V FITC/PI staining. (B) Western blotting was used to detect the levels of Bad, Bcl-xl and Caspase-3 in RKO and SW1116 cells treated 
with Quercetin-3-methyl ether for 48 h. (C) Representative semiquantification of protein band densities normalized to GAPDH. *P < 0.05, **P < 0.01, ***P < 0.001, ****P < 
0.0001.  
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cells by affecting polyamine metabolism.  

3.4. Quercetin-3-methyl ether inhibits the 
expression of SMOX, a key enzyme of 
polyamine metabolism 

SMOX is an FAD (Flavin adenine dinucleotide)- 
dependent enzyme that catalyzes SPM into the 
aldehyde 3-aminopropanal, H2O2, and SPD, and 
reactive oxygen species are also produced in this 
process [40]. Studies have shown that reactive oxygen 
species induced by oxidative stress can lead to 
apoptosis of epithelial cells and increase DNA 
damage, thereby increasing the risk of tumorigenesis 
[41]. In addition, SMOX is upregulated in a variety of 
tumors, infections and inflammations, such as gastric 
cancer, liver cancer, etc. [42, 43]. These suggest that 
SMOX is a plausible drug target for cancer therapy. 
To explore the potential role of SMOX in the 
development of colorectal cancer, we treated 
colorectal cancer cells with different concentrations of 
Q3ME to detect the mRNA and protein expression of 
related genes in the polyamine metabolic pathway. 
The results showed that Q3ME inhibited the mRNA 
and protein levels of SMOX, but had no effect on 
ODC1 and SRM (Figure 4A-D).  

4. Discussion  
Colorectal cancer is a malignant tumor caused by 

changes in genetic, epigenetic and environmental 
factors [44]. The standard conventional treatments for 
CRC are surgery, chemotherapy, and radiation. 

Depending on disease localization and progression, 
these treatments can be used in combination [45-48]. 
In recent decades, many forms of complementary and 
alternative medicine have been used worldwide to 
fight cancer. Traditional Chinese medicine (TCM) is a 
huge resource for the development of anti-cancer 
drugs. The treatment of tumors with traditional 
Chinese medicine has the advantages of multiple 
targets, multiple pathways and integrity. Traditional 
Chinese medicine and its active molecules can inhibit 
the viability of tumor cells by regulating several 
important signal transduction pathways, including 
apoptosis, autophagy and polyamine metabolism 
[49-51]. Quercetin-3-methyl ether is a flavonoid 
widely present in traditional Chinese medicinal 
materials such as Bupleurum and Mulberry leaves, 
and is widely present in nature and daily diet [28]. 
Quercetin-3-methyl ether has been reported to inhibit 
the growth of a variety of malignancies, however, 
little is known about the functional effects of this 
compound on CRC cells and its antitumor 
mechanism. In this study, a variety of methods were 
applied to examine the effect of Quercetin-3-methyl 
ether on the viability and apoptosis of colorectal 
cancer cells. It is showed that Q3ME inhibited 
colorectal cancer cells viability in a dose- and 
time-dependent manner, and that Q3ME promoted 
the apoptosis of colorectal cancer cells. Metabolic 
reprogramming represents a fundamental feature of 
most cancer cells.  

 

 
Figure 3. Quercetin-3-methyl ether reduces the content of spermine and spermidine in colorectal cancer cells. (A) and (B) After treating RKO and SW1116 
cells with Quercetin-3-methyl ether for 48 hours, the contents of spermine and spermidine in the cells were determined by HPLC. (C) and (D) RKO and SW1116 cells were 
treated with Quercetin-3-methyl ether for 48 hours. The contents of spermine and spermidine in culture supernatant were determined by HPLC. ***P < 0.001, ****P < 0.0001. 
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Figure 4. Quercetin-3-methyl ether inhibits the expression of SMOX, a key enzyme of polyamine metabolism. (A) The mRNA expression of SMOX, ODC1 and 
SRM in RKO cells treated with Quercetin-3-methyl ether for 48 h was detected by RT-PCR. (B) The mRNA expression of SMOX, ODC1 and SRM in SW1116 cells treated with 
Quercetin-3-methyl ether for 48 h was detected by RT-PCR. (C) Western blot was used to detect the expression levels of SMOX, ODC1 and SRM in RKO and SW1116 cells 
treated with Quercetin-3-methyl ether for 48 h. (D) Representative semiquantification of protein band densities normalized to GAPDH. *P < 0.05, **P < 0.01, ***P < 0.001, ****P 
< 0.0001. 

 
 

 
Figure 5. Simplified diagram of the proposed anticancer mechanism of Quercetin-3-methyl ether in Colorectal cancer based on the results of the present 
study. Quercetin-3-methyl ether may inhibit the level of polyamines in colorectal cancer cells and promote colorectal cancer cell apoptosis by regulating the expression of 
SMOX. 
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In fact, most of the core metabolic pathways are 
utilized by cancer cells to maintain their high cell 
division rates [52]. In addition to cell viability, it is 
becoming increasingly clear that cell metabolism is 
closely related to the fate and phenotype of cancer 
cells, which control the epigenetic inheritance of 
tumor cells and how these cells interact with their 
surrounding microenvironment. Importantly, these 
metabolic interactions are key to regulating tumor 
progression and shaping its response to 
chemotherapy [8, 53]. Cancer metabolism, especially 
polyamine metabolism, is a major factor in 
tumorigenesis, growth, metastasis and diffusion in 
CRC [54]. Polyamines are necessary for normal cell 
growth, and their depletion can cause cell stagnation. 
In the early stages of tumor transformation and 
progression, multiple carcinogenic pathways lead to 
polyamine demand and metabolic dysregulation [39]. 
At present, accumulating evidence suggests that 
polyamine metabolism is a target of anticancer 
therapy [55, 56]. It is worth noting that SMOX ectopic 
expression in neuroblastoma cells increases oxidative 
DNA damage thus inducing apoptosis [57]. A recent 
study has shown that SMOX is significantly 
upregulated in CRC cell lines and clinical tissues. The 
overexpression of SMOX in tumor tissues has been 
identified as an independent prognostic factor, 
leading to a poorer overall survival rate. Furthermore, 
the suppression of SMOX has been found to inhibit 
the proliferation of CRC cells and their ability to form 
colonies, revealing its role in promoting carcinogenic 
functions [58]. Therefore, polyamine metabolism of 
colorectal cancer cells was evaluated to further 
explore the potential molecular mechanism under the 
tumor inhibitory effect of Q3ME. In our study, we first 
investigated whether or not culturing with Q3ME 
impacts viability and colony formation of RKO and 
SW1116 cells. Our results showed that Q3ME could 
suppress viability and colony formation of RKO and 
SW1116 cells. Q3ME decreased the levels of 
polyamines (spermine and spermidine) in colorectal 
cancer cells, and reduced the protein expression of 
SMOX, an enzyme responsible for converting 
spermine to spermidine. This suggests that Q3ME 
may induce apoptosis in colorectal cancer cells by 
decreasing intracellular spermidine level through the 
inhibition of SMOX (Figure 5). Additionally, Q3ME 
upregulated the levels of pro-apoptosis protein bax 
and caspase 3 while downregulating the expression 
level of anti-apoptosis protein bcl-xl in colorectal 
cancer cells. These results suggest that Q3ME may 
promote the apoptosis of colorectal cancer cells by 
inhibiting the expression of SMOX. 

These findings provide new insights into a better 
understanding of the pharmacological activity of 

Quercetin-3-methyl ether as a natural product and 
how it reprograms cellular polyamine metabolism. 
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