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ABSTRACT

After lung cancer, colon cancer is the second most prevalent cause of death globally
and is one of the most common digestive cancers detected. Phytomedicines are
strong substitutes for conventional drugs that have numerous adverse effects.
Arbutin is a glycoside phytochemical derived from plants and is a member of the
Ericaceae family. It has several pharmacological effects. This study aims to assess
the toxic effect towards cancer cells and the anti-inflammatory effects of arbutin
against the Caco-2 colon cancer cell line. The materials used are Molecular docking
of Arbutin with the Caspase-3 enzyme (PDB code: 2XYG), TNF-a (PDB code:
1TNF) and pharmacokinetic assessments through SwissADME. Arbutin
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cytotoxicity potential was assessed using an MTT assay on the Caco-2 colon cancer

cell line. The effect of ARB on the gene expression of P53, Caspase-3, TNF-a, and
NF-kB were evaluated using the real-time PCR method. The results shows that there
was a cytotoxic effect of the arbutin against Caco-2 cells with a significant potential
impact of arbutin with IC50 of 29.05 pg/ml. The gene expression analysis showed
statistically significant differences regarding p53, Caspase-3, TNF-o, and NF-xB
between control and experimental groups (Control, SFU, and Arbutin) (p<0.05). In
regarding the previous findings, ARB revealed a potential ability to promote
apoptosis in neoplastic cells and regulate the cell cycle. Further investigations are
required to confirm our findings we ARB could be a promising anticancer agent.
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article is an open access article distributed
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Commons Attribution-Share Alike 4.0

International Public License (CC BY-SA . . .
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1. INTRODUCTION

As a malignant tumor, colon cancer or colorectal cancer (CRC) is a common cause of
death globally due to its high rate of morbidity and mortality [1]. Despite significant
advancements in colon cancer surgery and therapies, the 5-year relative survival rate for these
individuals has not altered significantly over the previous few decades [2]. The main
therapeutic approaches are radiation, chemotherapy, and surgery; however, these treatments
frequently have adverse effects that impair liver and kidney function in addition to the immune
system [3].

Traditional cancer treatments' negative pharmacological and physicochemical
characteristics, hazardous effects on healthy cells and tissues, low water affinity, and the
emergence of multi-drug resistance all harm bodily organs’ effectiveness [4]. Chemotherapy is
an important part of cancer treatment. Many novel chemotherapy drugs have recently been
employed to treat various cancer types [5]. Since phytochemicals have safe anti-cancer
properties, there is growing interest in their potential for cancer prevention and treatment. The
glycosylated hydroquinone arbutin (ARB) is a bioactive polyphenol (Fig. 1) that occurs
naturally in various plant species. Arbutin's B-glucose unit, rather than the a-glucose unit,
structurally separates it from its isomer a-arbutin [6]. Other biologically significant therapeutic
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qualities of arbutin have been demonstrated to include antioxidant, antibacterial, anticancer,
and anti-inflammatory activities [7—11].

Fig. 1: Chemical structure of arbutin.

Moreover, ARB has therapeutic potential against cyclophosphamide-induced
hepatotoxicity by lowering inflammation and oxidative stress [12]. ARB demonstrated
proficiency in reducing intestinal pathological symptoms by blocking myeloperoxidase and
pro-inflammatory cytokines in ulcerative colitis [13]. Reducing inflammation and prooxidant
processes also contribute to its beneficial defense against ovarian damage induced by cisplatin
[14] and acute renal damage caused by lipopolysaccharide [15]. ARB improved
spermatogenesis and semen quality by re-establishing the balance between JAK2/STAT3
cascades, excessive ROS generation, and the pro-inflammatory NLRP3/caspase-1. It also
enhanced the PK2/PKR2 pathway, which is cytoprotective [16]. The current study examined
the potential ameliorative effect of the hydroquinone glycoside arbutin against colon cancer.
We assessed the therapeutic prospects of arbutin through both in silico and in vitro approaches.
We also evaluated the anticancer properties of the Caco-2 cell line.

2. MATERIALS AND METHODS
2.1. In Silico Studies

Drug likeness results from a difficult balancing act between structural and molecular
characteristics. These characteristics, which include bioavailability, dispersion, affinity for
proteins, reactivity, and many more, influence how a molecule behaves in a living thing. The
chemical structure of the arbutin was added to the online Swiss ADME web tool to identify the
substructure's features, which in turn dictate its physicochemical attributes [17,18]. The Swiss
Target Prediction online tool predicted target—ligand interactions [19,20].

2.2. Molecular Docking

The molecular operation environment (MOE) application (version 2015.10) was used
for docking studies, Caspase-3 (PDB code: 2XYG) [3], and TNF-a (PDB code: 1TNF) [21]
(Homo sapiens) obtained from the protein data bank (PDB). The quality of the protein data was
assessed using temperature factors and using Ramachandran plot. All residues show phi and
psi angles in the allowed area in the plot. Residues of the terminal chain Thr174A and His277B
were capped by N-CH3. The water molecules and the bound ligand were deleted. Hydrogens
were added and their positions were optimized. Protein was minimized using tethers and
restraints. Until a root mean square deviation (RMSD) gradient of 0.01 Kcal/mol/A was
reached using the Merck molecular force field (MMFF94), all minimizations were carried out
with MOE, and partial charges were computed automatically. The positions were established
employing the Alpha Triangle placement, which generates positions through a random
arrangement of ligand atom triplets superposed on alpha sphere dummies within the receptor
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site. The London AG scoring function calculates the free energy required for the ligand to bind
from a specific position [23]. The results were improved after refining the results using the
MMFF94 force field. The output database's dock file, the last stage score that has not been set
to zero, was created using various ligand poses and sorted using the S function [23,24].

2.3. Assay for Cell Viability and Proliferation

Using the 3-(4,5-Dimethylthiazol-2-yl)2, 5-diphenyltetrazolium bromide (MTT) assay,
the antiproliferative effect and median inhibitory concentration (IC50) of arbutin, the
conventional chemotherapeutic drug, were evaluated on immortalized human colorectal
adenocarcinoma cells (Caco-2) cell line [25]. The study was approved by the ethics committee
of Sinai University (SU-REC) and according to the Declaration of Helsinki for human subject
researchers (2013) and ICH GCP guidelines.

2.3.1. Cell Culture

The VACSERA Cell Culture Department supplemented the Caco-2 cell line. The
RPMI-1640 medium, containing 10% FBS, sodium bicarbonate (25 mM), penicillin (100
U/ml), streptomycin (100 pg/ml), and HEPES (20 mM) was used to cultivate Caco-2.

2.3.2. Cytotoxicity

In brief, cells were seeded in 96-well plates at a concentration of 5x104 cells/well (200
ul) and incubated for 24 h at 37°C. The following day, cells were subjected to four repetitions
of each of the following doses of arbutin (Sigma, Cat #4256): 10, 20, 30, 40, 50, and 60 ng/mL.
The plates were incubated for 48 hours at 37°C, [9,20]. Minimal quantities of DMSO were
utilized as a drug solvent. Moreover, 1% DMSO was applied to the Caco-2 cell line as a control
group in this study. As an additional negative control group, untreated cells were employed.
Following the incubation period, 10 pL of MTT dye solution (Promega, USA) was added to
each well, and Dulbecco's Modified Eagle Medium (DMEM) high glucose and 10%FBS
medium were aspirated. After the dye solution was removed (after 4 hours of incubation at
37°C), 100 microliters of DMSO were added to each well, and the absorbance was assessed by
employing a 96-well plate reader that operated at 560 and 750 nm wavelengths. The following
formula was used to calculate the cell viability values:

R A sample
cell viability = Aconirol %X 100 (1)

The logarithmic trend line of the cytotoxicity graph created by the GraphPad PRISM®
8.0 software was used to calculate the IC50 values [24].

2.4. Gene Expression

Additionally, in both treated and untreated Caco-2 cells with IC50, the expression of
proapoptotic genes such as p53, TNF-a, NF-xB, and Caspase-3 was evaluated by qRT-PCR.
Doses of both SFU and arbutin were used after an incubation period of 48h to investigate the
anti-inflammatory and apoptotic effects. RNA was extracted utilizing the RNeasy Plus Minikit
from both arbutin and SFU-treated cells. RevertAid™ H Minus Reverse Transcriptase used for
complementary DNA (cDNA) synthesis. The study uses p53 sequence forward, 5'-
CCTCAGCATCTTATCCGAGTGG-3'" and reverse, 5'-TGGATGGTGGTACAGTCAGAGC-
3', Caspase-3 sequence forward 5'-GGAAGCGAATCAATGGACTCTGG-3" and reverse 5'-
GCATCGACATCTGTACCAGACC-3', TNF-a sequence forward 5'- 5-
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CTTCAGGGATATGTGATGGACTC-3-3" and reverse 5'- GGAGACCTCTGGGGAGATGT
-3', NF-xB sequence forward 5'- 5- CGCAAAAGGACCTACGAGAC-3-3' and reverse 5'-
TGGGGGAAAACTCATCAAAG -3', and the reference gene, GAPDH the sequence, forward,
5'-GTCTCCTCTGACTTCAACAGCG-3' and reverse 5'-
ACCACCCTGTTGCTGTAGCCAA-3'". The sequence qRT-PCR was performed utilizing the
BioRad SYBR green PCR Master Mix kit in which the Rotor-Gene 6000 instrument was
employed. The typical thermal profile is implemented at 95°C for 4 min, followed by 40 cycles
ot 94°C for 60 s and 55°C for 60 s. The fold differences in gene expression between the control
and treatment groups were calculated using 2 24t [23,26].

2.5. Statistical Analysis

The data were reported as mean + SD. A one-way analysis of variance (ANOVA) was
used to compare several variables in the statistical package software (SPSS version 20).
Duncan's test was utilized to compare the two groups statistically. Statistical significance was
considered as a p<0.05.

3. RESULTS AND DISCUSSION
3.1. In Silico Studies

Many factors influence a molecule's behavior in live organisms, such as bioactivity,
transport characteristics, protein interactions, and reactivity. The SwissADME online tool has
been updated to include the physicochemical parameters of arbutin [17]. The additive XLogP3
method [27] was used to predict several physicochemical parameters, including heavy atom
count, H-bond donors, acceptors, rotatable bond count and the fraction of carbon bond
saturation (Csp3); alternatively, topological polar surface area (TPSA), molar refractivity,
parameter LogS (Silicos-IT), water solubility (S), and lipophilicity parameter LogP; or the
number of sp3 hybridization carbons/total carbon count. The pharmacokinetic parameters
include brain penetration (BBB permeant), skin permeation (Log Kp), P-glycoprotein substrate
(P-gp substrate), and gastrointestinal absorption (GI absorption) (Table 1).

Table 1: Predicted physicochemical variables .for Arbutin

Compound Arbutin
Heavy atoms 19
H-bond acceptors 7
H-bond donors 5
Rotatable bonds 3
Solubility LogS (Silicos-IT) (water) 0.36
Fraction Csp3 0.5
Molar refractivity 62.61
XLogP3 -1.35
TPSA(A?) 119.61
Log Kp(skin permeation) (cm/s) -8.92
GI absorption High
BBB permeant No
P-gp substrate No

Employing the Brain or Intestinal calculated Permeation method (BOILED-Egg
model), we computed and evaluated the levels of GI, BBB permeant, and P-glycoprotein
substrate It is quite likely that the white zone will be passively absorbed through the G [28]I
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tract, while the yellow zone (yolk) will likely penetrate the brain. One does not have to exclude
the white and yolk areas from each other.

WLOGP

20 [ 60 80 100 120 ) 60 180 TPSA

Fig. 2: Boiled-EGG Model for the Arbutin.

This model includes two parameters: (1) the lipophilicity of the substances under study
as determined by the Wildman-Crippen method and expressed as a partition coefficient (P)
(WLogP) [29]; and (2) the polarity of the compounds, which is represented by TPSA value.
This model predicts that points in BOILED-white eggs will passively absorb via the GI tract,
while points in BOILED-yolk eggs will passively flow through the BBB. Arbutin is highly
absorbed by the GIT and passively permeable across the BBB, according to the BOILED-Egg
model (Fig. 2). Veber's rule-based approach was utilized to analyze Arbutin. It was observed
that Arbutin with a polar surface area of 140 A2 or less and ten or fewer rotatable bonds had
a greater chance of having good bioavailability. [30,31]. Arbutin that did not show any
violations is indicated in Table 1, suggesting that they are suitable therapeutic candidates for
studies into their bioactivity. Pharmacokinetics from pkCSM [32], P-glycoprotein was
expected to bind to arbutin as a substrate (Fig. 3).

Molecule Depiction Property Model Name Predicted Value Unit

Absorption Water solubility -1.173 Numeric (log mol/L)
Caco2 permeability 0.125 Numeric (log Papp in 107 cm/s)
Intestinal absorption (human) 42.175 Numeric (% Absorbed)
Skin Permeability -2.743 Numeric (log Kp)
P-glycoprotein substrate Yes Categorical (Yes/No)

é P-glycoprotein | inhibitor No Categorical (Yes/No)

_\OH Absorption P-glycoprotein Il inhibitor No Categorical (Yes/No)

Fig. 3: Arbutin Expected P-Glycoprotein Substrates using the pkCSM website Tool.

The Swiss Target Prediction online tool allows us to predict the Arbutin's ideal target,
with results displayed in Fig. 4, which may include enzyme and lyase receptors, with a prospect
of 26.7%, a hydrolysis, and family A G protein-coupled with 13.3%. Other receptors were
protease, electrochemical transporter, oxidoreductase, lyase, and ligand-gated ion channel
protein, each with 6.7%. The Arbutin Zn-D1 has different targets, indicating higher receptor
inhibitory action.

84

SINAI International Scientific Journal (SISJ), 2025, 2(2) Online ISSN: 3009-7800
Print ISSN: 3009-6324



SINAI International Scientific Journal (SISJ) S I SJ
Volume 2, Issue 2, October 2025 SINAI INTERNATIONAL

SCIENTIFIC JOURNAL

6.7%
26.7%
13.3%
6.7%
.
6.7%
26.7% 6.7%
I Enzyme Il Oxidoreductase  [E Family A G protein-coupled receptor

[ Hydrolase [ Lyase ] Ligand-gated ion channel
[ Electrochemical transporter M Protease

Fig. 4: The Target Prediction of Arbutin.
3.2. The Surface Properties of Arbutin

The best qualities that are crucial for producing drugs are associated with Arbutin's
surface features. The interaction between Living and the Arbutin revealed the presence of an
active lone pair and a lipophilic characteristic. Three hues represented the active lone pair map:
blue for mild polarity, green for hydrophobicity, and violet for H-bonding. Three places were
the focus of the H-bonding capacity for Arbutin. The lipophilic map was displayed using three
colors: green represents lipophilia, white indicates neutrality, and violet indicates hydrophilia
[33,34]. The surface properties of Arbutin are shown in Fig. 5.

Fig. 5: The Surface Properties of Arbutin (A) Active lone Pair Map, (B) Hydrophilic and Lipophilic
Map.

3.3. Molecular Docking

The Arbutin had strong interactions with the target protein, Oxygen (O 22) and
Nitrogen (O 26), which formed two hydrogen bonds with the Caspase-3 protein through the
Glycine (GLY 122) and Histidine (HIS 121) amino acids. The binding energy of Arbutin was
found to be - 5.09 kcal/mol (Fig. 6 A, B, and Table 2). The docking of Arbutin with TNF-a
protein showed three hydrogen bonds: O18 with GLU 135, O22 with ILE 136, O34 with LEU
26, and one hydrophobic bond: 6-ring with GLU 135 amino acid of the target protein (Fig. 6
C, D, and Table 2). The docking of Arbutin with TNF-a protein showed three hydrogen bonds:
O18 with GLU 135, 022 with ILE 136, O34 with LEU 26, and one hydrophobic bond: 6-ring
with GLU 135 amino acid of the target protein (Fig. 6 C, D, and Table 2). The Validation shows

85

SINAI International Scientific Journal (SISJ), 2025, 2(2) Online ISSN: 3009-7800
Print ISSN: 3009-6324



U SINAI International Scientific Journal (SISJ) S I SJ

Volume 2, Issue 2, October 2025 SINAI INTERNATIONAL
SCIENTIFIC JOURNAL

Arbutin (-5.02 kcal/mol, 1.35 A RMSD) and TQ8 (-5.39 kcal/mol, 0.95 A RMSD) bind
moderately to Caspase-3 (Table 3). TQ8 demonstratesslightly better alignment, while both
ligands Arbutin exhibited strong interactions with the target .indicate potential as inhibitors
protein, forming two hydrogen bonds, but TQS displayed one hydrogen bond, indicating
moderate stability with slight alignment superiority for TQ8. The binding energy of Arbutin
with TNF-a protein was -5.59 kcal/mol. Arbutin's interaction sites and total binding energy
with different proteins showed a better inhibitory effect on Caspase-3 and TNF-a proteins.

Table 2: The interaction parameters of Arbutin with Caspase-3 and B- TNF-a.

. . Total free
Ligand = Receptor Distance  Binding bindin
Protein & P Type of the interaction of bond energy g
sites sites ( A) energy

(kcal/mol) (kcal/mol)

Side chain acceptor (H-

Caspase-3 0((22) GLY 122 291 -1.2
Acceptor)
(PDB code: Backbone donor -.09
2XYG) 0 (26) HIS 121 (H-donor) 291 -1.5
Side chain donor
O(18) GLU 135 (H-donor) 3.06 -1.7
TNF- (PDB 0 (22) ILE 136 222122;’;3 acceptor (H- 3.15 2.0 550
code: 1TNF). ) ’
0 (34) LEU 26 Backbone acceptor (H 3.09 17
Acceptor)
6-ring  GLU 135 Arene-H (H-pi) 4.23 -0.8

@

Gly

Phe 1 (le
128/ Met 165 T
= 61 \ 186

Fig. 6: 2D and 3D Diagram of Docking Arbutin with (A, B) Caspase-3, and (C,D) TNF-q.
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Table 3: The Validation Parameters of Arbutin and Co-Crystallized Ligand (TQ8) with Caspase-3.

Bindin Total free
. Ligand = Receptor Type of the Distance of g binding
Ligand : . . . energy rmsd
sites sites interaction bond (A) (keal/mol) energy
(kcal/mol)
0(22) GLY 122 Side chain acceptor 9] 12
) (H-Acceptor)
Arbutin Backbone donor 1.35 -5.09
0O (26) HIS 121 (H-donor) 291 -1.5
TQS = O(14)  Arges  Sidechainacceptor 2.93 238 0.95 539

(H-Acceptor)

Fig. 7: 2D and 3D diagram of docking TQ8 with Caspase-3.

Table 4: The cytotoxic effect of the arbutin against Caco-2 cells

OD1 | OD2 | OD3 | MeanO.D | +SE | Viability% | Toxicity % e
(ug/ml)
0 | 0.752 | 0.755 | 0.761 0.756 0.005 100.000 0.000
10 | 0.025 | 0.024 | 0.026 0.025 0.001 3.307 96.693
20 | 0.029 | 0.033 | 0.025 0.029 0.004 3.836 96.164
30 [ 0.036 [ 0.031 [ 0.029 0.032 0.004 4233 95.767 29.05+0.57
40 | 0.11 | 0.128 | 0.107 0.115 0.011 15212 84.788
50 | 0.31 0.3 0.32 0.310 0.010 41.005 58.995
60 | 055 | 056 | 0.51 0.54 0.026 71.429 28.571

3.4. The Cell Viability and Proliferation Assay

IC50 values were determined using an MTT colorimetric screening test against the most
susceptible colon cancer cell line, Caco-2, about the reference medication, 5-Fluorouracil (5-
FU), to investigate arbutin's possible toxicity and selectivity. In both the adjuvant and palliative
stages of CRC, 5-FU is a significant component of the systemic chemotherapy regimen. SFU
was the best choice here, as it is an approved chemotherapeutic drug against colon cancer and
other various types of solid tumors [35]. The MTT experiment revealed that the IC50 values
of 5-FU on Caco-2 cells were 34.65 pug/ml [36]. The cytotoxic activity of arbutin was screened
against the colon cancer (Caco-2) cell line at varying concentrations )10 ,20 ,30 ,40 ,50 ,and
ng/mL) for 48 h usin 60g an MTT assay. The findings, as indicated in Table 4 and Fig. 8,
showed the cytotoxic effect of arbutin against Caco-2 cells, with a significant potential impact
of arbutin with an IC50 of 29.05 pg/ml.
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Cell Viability % effect sample the arbutin against Caco-2 cells at different concentration
80

70
60
50
40 = Arbutin
30
20

10

0 ug/ml
10 20 30 40 50 60

Fig. 8: The cytotoxic Effect of Arbutin Against the Caco-2 cell Line.

According to Kamei et al., arbutin exhibited cytotoxicity towards the quasi-diploid
human HCT-15 cell line obtained from the large intestine of a male patient with CRC. Before
counting the number of cells, culture cells were subjected to a four-day incubation period in an
incubator with 5% CO2 and varied doses of this hydroquinone glycoside of less than 12.5
micrograms/ml in the 50% suppression dose [37]. Even though colon cancer is prevalent in
adults over 60, no additional information regarding the cytotoxic effect of arbutin against
different CRC cell lines has been released in previous investigations since this initial
cytotoxicity result [6]. This study is the first one to assess arbutin's cytotoxic effects on the
Caco-2 cell line.

3.5. Gene Expression Analysis

There were statistically significant differences regarding p53, Caspase-3, TNF-a, and
NF-kB between control and experimental groups (Control, SFU, and Arbutin) (p<0.05) (Fig.
9). The most altered gene in human tumors is p53. Additionally, p53 is deactivated or
suppressed in a significant percentage of tumors carrying wild-type p53 via a variety of
methods, such as aberrant degradation or dysregulation of activators, effectors, or repressors,
which results in the majority of malignancies, if not all of them, evading the p53 signaling
pathway [23].

5 — *
I 1 —
o N —
i [ Caspase-3
i l TNF-a
I NFkB

Fold change of gene expression

0 T T T
Control SKFU Arbutin

Fig. 9: The Gene Expression in Caco-2. Expression of P53, Caspase-3, TNF-a, and NF-kB were
Evaluated using qRT-PCR, Values are Mean + SD.*, Significance Against Control.
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P53 is triggered in normal cells by various stress-induced stimuli, specifically DNA
damage. It regulates a vast network of target genes, mostly through which it suppresses tumors
[38,39]. Many biological processes are influenced by p53, including hormone-induced
activities, transcription, autophagy, inflammatory response, differentiation, cell cycle control,
immunological response, metabolism, senescence and epigenome [40]. From the previous data,
our findings suggested that there is an antiproliferative effect of arbutin against colon cancer.
There were non-significant differences between SFU and arbutin regarding p53, Caspase-3,
TNF-0, and NF-xB (p=0.0001, 0.0001, and 0.028, respectively). These findings assumed that
arbutin has an approximately similar effect to SFU, a significant anticancer drug.

Additionally, it was demonstrated that arbutin might inactivate extracellular signal-
regulated kinase (ERK), a crucial mediator of p53-dependent cell cycle arrest and a core
regulator of cellular division, and time-dependently interrupt the cell cycle. By down-
regulating ERK and upregulating p21, arbutin may prevent bladder cancer cells from
proliferating in vitro [6]. Nevertheless, rats with induced liver cancer treated with arbutin
showed improved liver enzymes, declined liver injury markers, and increased caspase-8 and
p53 contents when arbutin was administered [11]. Inflammation and programmed cell death
are related to the caspase family of 15 cysteine proteases. The most famous among them is
Caspase-3, an apoptotic executor that cleaves many other essential proteins in the cell to cause
apoptosis when it is activated by the initiator Caspase-8 or Caspase-9 [41]. Activating Caspase-
3 as one-way certain anticancer treatments, including immunotherapy, radiation, and cytotoxic
medications, might kill tumor cells. For this reason, several researchers employ Caspase-3
activation as a proxy sign for the effectiveness of cancer treatments [16,39]. Otherwise,
Caspase-3 showed a statistically significant difference between arbutin and untreated colon
cancer cell lines (p<0.0001). Arbutin showed a potential role in inducing apoptosis, which was
proved by the upregulation of Caspase-3. Nawarak er al. [42] showed that arbutin is a
hydroquinone-D-glucopyranoside that causes human melanoma cells to produce apoptosis
genes. Hazman et al. [43] found that giving arbutin to HepG2 cells will increase oxidative
stress, genotoxicity, inflammation, and apoptosis and reduces proliferation; this would have
anticarcinogenic benefits.

In an experimental study, Zeng ef al. [11] assessed the anticarcinogenic activity of

arbutin against induced hepatocellular carcinoma in rats. Arbutin enhanced the amounts of c-
JNK, TRAIL, caspase-8, and p53 while reducing the activity of liver damage marker enzymes.
Tumor necrosis factor-a (TNF-a) is a cytokine that promotes inflammation and is mostly
produced by tumor cells and macrophages. In colorectal cancer (CRC) tissues, increased TNF-
o expression could encourage tumor development, invasion, and metastasis [44,45]. As a
regulator of inflammation and the immune system, the nuclear factor-kappa B (NF-kB)
signaling pathway has been correlated with the carcinogenic process [46-48]. Regarding the
current findings, arbutin showed a substantial decline in inflammatory markers, which agreed
with many studies [9,16]. Additionally, Yang ef al. [10] showed that arbutin prevented the cell
adhesion characteristic of C6 glioma cells and produced excessive ROS, damaging the
mitochondrial membrane and causing cell death. According to a qPCR study, Arbutin boosts
the genes involved in apoptosis and decreases the molecules involved in inflammation and
PI3K/mTOR signaling. In their study, Zeng et al. assess the anticancer effect using ARB on
rats with diethylnitrosamine-induced liver cancer. This revealed that arbutin also enhanced the
levels of c-JNK, TRAIL, Caspase-8, and p53 and decreased the activity of liver injury marker
enzymes [11], which came in line with the present findings in proposing the upregulation of
the Caspase-3 and p53 and decreasing inflammatory markers. Additionally, in the current
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study, arbutin attenuated the CRC-induced gene expression and the release of pro-
inflammatory cytokines such as TNF-a. Furthermore, this suppression was associated with a
decrease in NF-kB transcriptional activity, which induces p53 expression and in turn activates
Caspase-3 and leads to apoptosis. Taken together, our data suggest an anti-inflammatory effect
of arbutin on CRC cells.

The current study has limitations, such as missing cell viability data over different
periods and using different types of colon cancer cell lines to screen the effect of arbutin over
time on cell lines. Nevertheless, further in vivo investigations are required to explore the
mechanisms underlying the impact of ARB.

4. CONCLUSION

The effects of active ingredients, such as arbutin, on various disease models, especially
in cell culture media, must be ascertained. Subsequently, we assume the active ingredient under
investigation may have advantageous impacts. Considering this study, it was determined that
arbutin, when used as an active ingredient, may have any effect on colon cancer (Caco-2) cells.
Concerning the previous findings, ARB revealed a potential ability to promote apoptosis in
neoplastic cells and inhibit inflammatory cytokines. Additional studies are required to clarify
the association between ARB and other cancer types and their possible mechanism/s of action.
more research using models developed with experimental animals is needed, followed by
clinical phase studies.
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