Published Online: 02 June 2024 —

Abu-Farich et al | Article 9188
J Pure Appl Microbiol. 2024;18(2):1372-1385. doi: 10.22207/JPAM.18.2.60 O
Received: 19 December 2023 | Accepted: 13 May 2024

SN

JOURNAL OF PURE AND APPLIED MICROBIOLOGY

P-ISSN: 0973-7510; E-ISSN: 2581-690X

RESEARCH ARTICLE OPEN ACCESS

Polyphenol Contents, Antibacterial and Antioxidant
Effects of Four Palestinian Honey Samples, and their
Anticancer Effects on Human Breast Cancer Cells

Basheer Abu-Farich'(>, Hadeel Hamarshi*(©’, Mahmud Masalha?(>,
Abderrazak Aboulghazi'(®), Abdalsalam Kmail*(©), Mohammed El Ouassete®*(",
Hamada Imtara2(’, Badiaa Lyoussi'* (> and Bashar Saad**

!Laboratory of Natural Substances, Pharmacology, Environment, Modeling, Health, and Life Quality,
Department of Biology, Faculty of Sciences Dhar El Mehraz, University Sidi Mohamed Ben Abdellah,
Fez, Morocco.

2Qasemi Research Center, Faculty of Medicine, Arab American University, P.O. Box 240, Jenin, Palestine.
3Faculty of Arts and Sciences, Arab American University, P.O. Box 240, Jenin, Palestine.

“Laboratory of Microbial Biotechnology and Bioactive Molecules, Sciences and Technologies Faculty,
Sidi Mohamed Ben Abdellah University, P.O. Box 2202, Fez, Morocco.

Abstract

The phenolic compounds of four Palestinian honey samples (PH1-PH4) and their antibacterial effects
as well as their cytotoxic, cytostatic, and antimigration effects in human breast cancer cell line (MDA)
were evaluated here. HPLC analysis of PH2 (Cornflower), PH3 (Milk thistle), and PH4 (Ziziphus)
revealed 15 phenolic compounds, namely, caffeic acid, carvacrol, chrysin, ellagic acid, galangin,
gallic acid, kaempferol, p-coumaric acid, pinobanksin, pinocembrin, protocatechuic acid, quercetin,
rutin, salicylic acid, and silydamin. The minimum inhibitory concentration (MIC) method applied
to Pseudomonas aeruginosa (P. aeruginosa), Staphylococcus aureus (S. aureus), and Escherichia
coli (E. coli). A strong positive correlation was detected between antimicrobial activity (E. coli) and
p-coumaric acid, quercetin, and silydamin. IC50 values for DPPH neutralization varied from 0.19 w/w%
to 10 w/w%. The potential anticancer properties of the honey samples were evaluated on MDA cells.
Samples PH2 and PH3 demonstrated cytostatic activity, reducing cell viability by about 43% at non-toxic
concentration of 4 mg/mL. The cytostatic effects were strongly correlated with the presence of caffeic
acid, chrysin, protocatechuic acid, rutin, and salicylic acid (p < 0.01). Moreover, the cell migration rate
was significantly reduced (by up to 85%) with PH2 and PH3 compared to untreated cells (p < 0.05).
A strong positive correlation was observed between the cytostatic effects of the concentration of
carvacrol and Pinocembrin (p < 0.01). Our findings validate honey’s antibacterial properties and suggest
its anticancer benefits may stem from cytostatic and antimigration effects.
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INTRODUCTION

Honey, crafted by bees from flower
nectar, comprises a rich assortment of compounds
cherished in traditional medicine across diverse
cultures. Ancient civilizations like the Greeks,
Romans, and Arab-Islamic societies embraced
honey in medicinal contexts, influenced by
cultural beliefs, ancient theories, and historical
accounts. Within Arab-Islamic medical heritage,
honey is revered as a nourishing elixir, commonly
applied in wound care, as evidenced in the
writings of scholars such as Avicenna and Razes.
Numerous varieties of honey, some scientifically
substantiated, are regularly employed as natural
remedies for sustaining health and addressing a
spectrum of ailments.*?

Antibiotic resistance among microbes
has surfaced as a major global health crisis in
recent times. This concern is especially troubling
given that infectious diseases, a primary cause
of morbidity and mortality worldwide, are
becoming progressively harder to manage. The
crux of the matter stems from the excessive use of
antibiotics, hastening the emergence of bacteria
strains resistant to multiple medications. Adding
to the complexity is the marked slowdown in the
production of novel antibiotics. Pharmaceutical
firms have largely halted the development of new
antibiotics, influenced by economic considerations
and regulatory challenges.** Hence, the need
to explore new alternatives for treating multi-
resistant infections, with minimal side effects,
is paramount. Honey, a staple of traditional
medicine, is one such alternative.® Honey is highly
valued for its potent antibacterial properties,
which are effective against infections caused by
multi-drug resistant bacteria such as P. aeruginosa,
S. aureus, and Klebsiella pneumoniae.” This study
assessed the antibacterial strength of different
kinds of honey through the MIC technique.
The efficacy of the MIC of various antimicrobial
agents, particularly tetracycline and kanamycin,
was tested against bacteria like P. aeruginosa, S.
aureus, and E. coli. S. aureus as a gram-positive
bacteria which is responsible for a wide range
of clinical diseases. They are commonly found
in both community and hospital settings and
can cause serious infections. The treatment of
these infections is increasingly difficult due to

the emergence of multi-drug resistant strains
like MRSA (Methicillin-Resistant S. aureus). P.
aeruginosa, a gram-negative, aerobic, non-spore
forming rod-shaped bacterium. It has the ability
to infect both individuals with a healthy immune
system and those with compromised immunity.
Its propensity to infect immunocompromised
hosts, its extreme adaptability, resistance to
antibiotics, and a broad spectrum of dynamic
defenses make it a particularly difficult organism
to manage in contemporary medicine. This activity
provides an overview of the epidemiology and
treatment of P. aeruginosa infections. E. coli, a
gram-negative bacillus, is the primary pathogen
causing uncomplicated cystitis. Additionally, it
leads to other extraintestinal conditions such as
pneumonia, bacteremia, and abdominal infections
like spontaneous bacterial peritonitis.

Additionally, honey has been found to
possess immuno-modularity properties and can
help prevent inflammatory-mediated chronic
diseases. This chronic inflammation is associated
with a wide range of disorders, including allergies,
metabolic syndromes, cardiovascular issues,
cancer, and autoimmune diseases. These
conditions represent a significant global health
challenge.? A variety of treatments exist to manage
and alleviate inflammation, primarily involving
the use of anti-inflammatory medications, both
steroidal and non-steroidal, as well as immuno-
suppressants. However, these treatments can
lead to numerous side effects. These can include
gastrointestinal ulcers, cardiovascular toxicity,
hormonal imbalances, and other disruptions to
the body’s normal functions.®* Hence, it’s crucial
to explore the potential of incorporating natural
anti-inflammatory substances into medication
therapies. This approach could enhance the
pharmacological response while minimizing
unwanted side effects. Recent studies have
highlighted the effectiveness of various types of
honey in treating ulcers, yielding promising results.
11,12

Honey’s strong antioxidant characteristics
are a key biological advantage, playing a vital
role in lowering the concentration of ROS
(reactive oxygen species). High ROS levels are
associated with the development of cardiovascular,
diabetes, neurodegenerative, and cancerous
conditions. Flavonoids, which can neutralize
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Reactive Oxygen Species (ROS) and bind with
metals such as iron, contribute significantly
to the antioxidant effects observed in honey.
Moreover, these compounds modulate enzymes
like lipoxygenase, cyclooxygenase, phospholipase
A2, and NADPH oxidase. This modulation enhances
their antioxidant capabilities and impacts other
biological functions.**1

Research has been conducted on
the potential impact of honey on cancer in
the context of prevention, progression, and
treatment. These studies have primarily been
in vitro, utilizing various cell lines and types of
honey. Additionally, some in vivo studies have
been performed on mice/rats, where tumors
were either induced or transplanted.’®® Honey
plays a role in various stages of cancer, including
initiation, growth, and advancement. Its anti-
cancer properties are typically linked to several
mechanisms. These include triggering apoptosis,
halting the cell cycle, modulating oxidative stress,
improving inflammation, inducing mitochondrial
outer membrane permeabilization (MOMP), and
inhibiting angiogenesis.'?*

For a considerable period in Palestine,
honey served as a primary source of sugar.
Palestine boasts a rich variety of plants, with
descriptions of 2,600 plant species, out of which
393 species hold significant potential as sources of
nectar.” The cellular and molecular mechanisms
behind the alleged anticancer properties of
Palestinian honey are still not fully comprehended.
This in vitro study aims to identify the phenolic
compounds in four samples of Palestinian honey
and assess their antibacterial, antioxidant,
cytotoxic, cytostatic, and antimigration effects on
MDA human breast cancer cells.

MATERIALS AND METHODS

The 4 honey samples were purchased
from Honey Spring in Tulkarem, located in the
Northern West Bank, and were subsequently
sealed in cans. These cans were stored at room
temperature in a dry location and remained
unopened. Table 1 summarizes the samples used,
including their botanical origin and collection time.

Free Radical scavenging activity
The scavenging of free radicals was

examined using a slightly modified microdilution
DPPH assay as described by Masalha et al.22The
IC50 value for each type of honey was determined
by taking the value from the equation that
represents the linear part of the graph. Then, 50%
was substituted for the y-value to compute the
corresponding concentration value on the x-axis.

Antibacterial activities

The Minimum Inhibitory Concentrations
(MICs) of different honey samples were established
through a micro-dilution test. This process included
a broth micro-dilution assay with a two-fold serial
dilution in Brain Heart Infusion (BHI) broth for
S. aureus, and Lysogeny Broth (LB) for E. coli and
P. aeruginosa.?

Cell culture

The human breast cancer cell line MDA-
MB-231 cell line (ECACC catalogue no. 92020424)
was maintained in DMEM, supplemented with
10% vol/vol inactivated fetal calf serum (FCS), 1%
nonessential amino acids, 1% glutamine, 100 U/
mL penicillin, and 10 g/mL streptomycin.

Cytotoxic and cytostatic effects

For the cytotoxicity tests, 20,000 MDA
cells per 100 pL of media from each cell line were
placed in 96-microtiter plates for 24 h, the cells
were then exposed to different concentrations of
honey samples, ranging from 0 to 4000 ug/mL.
The MTT assay was then carried out to assess
the cytotoxic effects. For the cytostatic tests,
5,000 MDA cells per 100 pL of media were placed
in 96-microtiter plates for 24 h, the cells were
exposed to different concentrations of honey,
ranging from 0 to 4000 pg/mL, for a period of 72
h. The MTT assay was then carried out to assess
the cytostatic effects.

MTT assay

The MTT (3-(4,5-Dimethylthiazol-2-yl)-
2,5-diphenyltetrazolium bromide) cell viability
test was performed as outlined by Kadan et al.?? In
brief, cells were seeded and after 24 h, they were
exposed to escalating doses of honey samples
(ranging from 0 to 4000 pg/mL of culture media)
for a period of 24 h for the cytotoxic test and
72 h for the cytostatic test at a temperature of
37°C. The absorbance of the MTT formazan was
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measured at 570 nm using an ELISA reader. Cell
viability was calculated as the percentage ratio of
the absorbance of treated cells to that of untreated
control cells

Scratch assay

A suspension of MDA cells was made and
seeded at a density of 400,000 cells/mL. Each well
of a 12-well plate from Corning Costar Corporation
(Corning, NY, USA) was filled with 2.5 mL of this
cell suspension. The plate was subsequently
maintained in a humidified atmosphere with 5%
CO2 at 37°C for a duration of 24 hours. Post this
interval, the development of a monolayer in each
well was verified under a microscope. Utilizing a
sterile 200 uL pipette tip, scratches were created
in the monolayers along the diameter of the wells.
The culture medium from each well was discarded
and each well was rinsed four times with DMEM
devoid of serum and additives. Each well was then
filled with 4 mL of each honey sample (4 mg/mL),
as well as just the culture medium (untreated
control), in triplicate. Photographs were captured
immediately after the scratches were made and
then every 24 hours for a total duration of 48
hours. Throughout the experiments, the plates
were maintained in a humidified environment with
5% CO2 at 37°C.

Quantitative HPLC determination of phenolic
compounds in honey samples

The analysis of polyphenols in honey
samples from Palestine was carried out on
a SHIMADZU PROMINANCE UHPLC MS/MS
equipped with a SPD A20 type DAD detector, a
degasser DGU 20ASR type, LC A20 type quaternary
pump as well as a thermostatically controlled
automatic injector. The HPLC separation of the
polyphenols was carried out on an analytical

column, from the Supelco range®C18 Ascentis®4th
generation, dimension 4.6 mm x 150 mm, 5um
100A, flow rate 0.5 ml/min of a mobile phase at
a ternary gradient of acetonitrile methanol and
acidified water (0.2% acetate buffer) temperature
of column 45°C, injection volume 10 pl. In the same
conditions, solutions of gallic acid s and Tyrosol
standard were injected to determine the response
factor).

The Honey samples were heated at 37°C
bath for 10 min, 250 pl of the mobile phase were
added to the samples, centrifuged for 25min
10000 rpm at 10°C, and 10 pl of the filtrate was
place in HPLC vials for injection

Statistical analysis

The error limits and error bars depict
the simple standard deviations of the mean.
Typically, numerical values are reported only to the
precision of the least significant digit. The Pearson
correlation coefficient was used to establish the
correlations between bioactive compounds and
cytostatic activity. The significance level was set
at 95% (P<0.01)

RESULTS AND DISCUSSION

Antimicrobial effects

The antibacterial properties of honey
can be attributed to several factors. Its high
viscosity, primarily due to a high concentration of
sugar and low water content, forms a protective
barrier that helps prevent infection. Furthermore,
its slight acidity and the presence of hydrogen
peroxide enhance its antimicrobial capabilities.?*?*
Numerous scientific studies have examined the
impact of honey on a variety of bacterial species.
It’s clear that honey’s antibacterial activity can
significantly vary, with different microorganisms

Table 1. Honey samples IDs and their botanic, geographic origins, and harvest year

Sample Traditional English Scientific Location Year of

ID name name name harvest

PH1 Brasem Alfalfa Medicago sativa Jenin 2021

PH2 Morar Cornflower Centaurea dumulosa Jordan Valleys 2021
Boiss

PH3 Horfesh Milk thistle Silybum Tulkarm 2022

PH4 Sader Ziziphus Ziziphusspina-christi Jordan Valleys 2021
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Table 2. MIC values of the tetracycline and kanamycin
antimicrobial agents. Minimum Inhibitory (MIC) values
of the tetracycline and kanamycin antimicrobial agents.
Data represent the average of three independent
experiments conducted in four replications

Pathogenic Antimicrobial MIC,
Bacteria Drug pg/mL

P. aeruginosa Tetracycline 0.07+0.01
P. aeruginosa Kanamycin 0.8540.1
S. aureus Tetracycline 0.0210.008
S. aureus Kanamycin 0.11+0.08
E. coli Tetracycline 0.03+0.009
E. coli Kanamycin 0.47+0.08

exhibiting varying levels of susceptibility to
different kinds and concentrations of honey.
The antibacterial characteristics of honey have
been extensively reviewed, and researchers have
observed the growth patterns of various bacteriain
the presence of differing honey concentrations.?

This research evaluated the antibacterial
potency of various types of honey using the MIC
method. The MIC’s effectiveness of different
antimicrobial substances, specifically tetracycline
and kanamycin, was examined against bacteria
such as P. aeruginosa, S. aureus, and E. coli
(Table 2).

All honey samples tested showed a
positive effect in combating the bacteria under
study. The MICs of each honey sample against the
bacterial strain are detailed in Table 3, with values
ranging between 0.024 and 1.56 w/w% across the
three strains. Among the bacterial strains tested,
E. coli was found to be the most susceptible, while
P. aeruginosa proved to be the most resistant
(Table 3).

The MICs reported in this study are less
than those found by Imtara,® Mandal et al.,” and
Boukraa.?® However, they align more closely with
the findings of Masalha, who reported MICs of
honey between 0.52% and 1.0% for E. coli.* The
primary antimicrobial characteristics of honey
are largely determined by the levels of hydrogen
peroxide, along with non-peroxide elements
such as phenolic acids and flavonoids, which
contribute to the antibacterial and antioxidant
activity of honey.3*3? Research indicates that
the effectiveness of antibacterial properties can
differ based on the phytogeographical area,
which subsequently influences the production
of various compounds®*3% newer research has
identified the existence of additional antimicrobial
elements, specifically, the antimicrobial peptide
Bee defensin-1, 5-Hydroxymethylfurfural, and
methylglyoxal, along with phenolic compounds
like flavonoids.*

DPPH radical scavenging assay

Honey is a potent source of antioxidants
that help reduce the risk of ailments such as
heart disease, cancer, and enhance the immune
system.3%%” The total hydrogen/electron donating
activity of dietary antioxidant supplements can
be determined with the DPPH radical scavenging
method. The differences in antioxidant activity
among the tested samples are likely due to the
floral source of the honey. It’s widely known that
the phytochemical makeup, including antioxidant-
active molecules, is influenced by the species of
the plant and other plant-related factors.?¢*° The
analyzed samples’ capacity to neutralize DPPH
free radicals was assessed and is represented as

Table 3. Antioxidant (IC, ) and antimicrobial activity (MIC) of the test honey samples. Minimum Inhibitory (MIC)
and Minimum Bactericidal Concentration (MBC) of the test honey samples against bacterial strains. Data represent
the average of three independent experiments conducted in four replications

Kind of H IC,, MIC(w/w %)
oney (w/w %)

P. aeruginosa S. aureus E. coli
PH1 0.30 1.5610.21 0.19+0.11 0.049+0.009
PH2 1.29 0.78+0.11 0.024+0.01  0.049+0.009
PH3 0.35 0.39+0.08 0.39+0.09 0.098+0.009
PH4 0.8 1.5610.3 0.097+0.01 0.048+0.01
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IC50 mg/mL (Table 3). PH3 demonstrated the most
effective DPPH free radical neutralization, with
IC50 values of 0.7 mg/mL. Honey is typically rich
in different types of phytochemicals, particularly
phenolics and flavonoids, which contribute to its
potent antioxidant properties. Numerous research
studies have suggested a strong correlation
between the antioxidant capacity of honey and
the concentration of its phenolic constituents.
The antioxidant activity observed in our honey

PH1
120
100
g 80
=
S 60
S
S
£ 40
20
0
0 0.5 1 2 4
Honey concentration (mg/ml)
H cytotoxic M cytostayic
PH3
140
120
= 100
£ *
§ 80 * N
*
S 60
X
a0
20
0
0 0.5 1 2 4

Honey concentration (mg/ml)

H cytotoxic M cytostayic

samples aligns with previous studies that have
highlighted the potent antioxidant properties of
phenolic compounds.*#

Cytotoxic and cytostatic effects of honey in cell
from the human breast cancer cell line, MDA
The pursuit of novel natural anticancer
medications is a primary goal in scientific research.
Uncontrolled growth is a characteristic feature
of cancer cells and is a primary target for both

PH2
120
100
= *
= *
S 60
S
1
£ 40
20
0
0 0.5 1 2 4
Honey concentration (mg/ml)
H cytotoxic M cytostayic
PH4
120

% of control

100
80
60
40
20
0

0 0.5 1 2 4

Honey concentration (mg/ml)

H cytotoxic M cytostayic

Figure 1. The cytotoxic and cytostatic impacts were evaluated using the MTT Assay on MDA cells after treating
them with 0 to 4 mg/mL of honey samples for 24 h (for cytotoxic effects) and 72 h (for cytostatic effects). The cell
viability was calculated as the ratio of absorbance of cells treated with honey compared to the untreated cells.
Values represent meansSD of three independent experiments carried out in triplicates. *P< 0.05 was considered

significant compared to control
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traditional chemotherapy and new treatments.
The deregulation of the cell cycle leads to this
unchecked growth, resulting in the formation of
tumors. Changes in DNA can trigger growth arrest
atthe GO/G1 and G2/M phases or even apoptosis.
A lot of chemotherapy drugs aim to inhibit the
cell cycle during the S and M phases. Honey has

been reported in numerous studies to cause cell
arrest in the GO/G1 phase in bladder (T24, 253 J,
RT4, and MBT-2), colon (HCT-15 and HT-29), and
human melanoma (A375) cell lines.*>*

The cytotoxic impacts of various kinds
of honey is a phenomenon that has only been
acknowledged and detailed in recent scholarly

Table 4. The concentrations (mg/g of DH) of polyphenolic compound determined and total polyphenolic
concentration in PH2, PH3, and PH4 were determined by quantitative HPLC

PH2 Centaura
calcirapa honey

Phenolic compounds

PH3 Silybum
marianum honey

PH4 Ziziphus spina-
christi honey

Caffeic acid 6.9310.61 - 0.25+0.06
Carvacrol - - 0.21+0.08
Chrysin 4.02140.32 - -
Ellagic acid 15.06+1.1 39.615.1 7.15+1.1
Galangin 3.71+0.21 - 11.4+2.3
Gallic acid 28.7+4.3 13.1+2.3 0.16+0.04
Kaempferol 2.140.11 8.99+1.1 24.27+2.1
P-coumaric acid 4.55+0.21 15.41+3.2 4.1+0.61
Pinobanksin 7.52+0.91 - 4.8040.51
Pinocembrin - - 2.3+0.11
Protocatechuic acid 2.49+0.12 - -
Quercetin - 17,0731#4.1 -
Rutin 1.09+0.31 - -
Salicylic acid 2.3+0.51 - -
Silydamin - 1.02+0.11 -
Total polyphenol content 78.471+10.6 104.1+11.1 54.64+5.6
160

e\c 140

i

= 120

<

£ 100

S

—

E 80

%ﬂ m24h
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Figure 2. Effect of honey samples on cell migration of MDA cells. The results show the proportion of wound closure
after 24 and 48 h of treating with honey samples. Each data point was determined based on the initial wound size
at time 0 h and was normalized to the untreated control, which was set as 100%. The asterisk indicates statistical
significance compared to the untreated control, with significance recognized when p-value is less than 0.05
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Table 5. Correlation between bioactive compounds and biological activities

Cytostatic Cytotoxic Antimigration Antmigration P aeruginosa S. aureus E. coli
(24h) (48h)

Caffeic acid 0.997* -0.024 -0.537 -0.523 -0.158 -0.678 -0.512
Carvacrol -0.537 0.893 0.997* 0.998* 0.945 -0.328 -0.515
Chrysin 0.999* -0.056 -0.564 -0.550 -0.189 -0.654 -0.485
Ellagic acid -0.242 -0.942 -0.632 -0.645 -0.888 0.911 0.976
Galangin -0.239 0.990 0.921 0.927 1.000%** -0.612 -0.762
Gallic acid 0.910 -0.502 -0.877 -0.869 -0.613 -0.241 -0.036
Kaempferol -0.768 0.714 0.973 0.969 0.801 -0.026 -0.231
P-coumaric acid -0.431 -0.855 -0.465 -0.479 -0.778 0.975 1.000*
Pinobanksin 0.749 0.586 0.083 0.099 0.472 -0.985 -0.928
Pinocembrin -0.537 0.893 0.997* 0.998* 0.945 -0.328 -0.515
Protocatechuic 0.999* -0.056 -0.564 -0.550 -0.189 -0.654 -0.485
acid
Quercetin -0.462 -0.837 -0.434 -0.448 -0.756 0.982 1.000*
Rutin 0.999* -0.056 -0.564 -0.550 -0.189 -0.654 -0.485
Salicylic acid 0.999* -0.056 -0.564 -0.550 -0.189 -0.654 -0.485
Silydamin -0.462 -0.837 -0.434 -0.448 -0.756 0.982 1.000*
Total polyphenol 0.022 -0.997* -0.814 -0.823 -0.978 0.770 0.885
content

*_ Correlation is significant at the 0.05 level; **. Correlation is significant at the 0.01 level

works.*4° This endeavor involved identifying
substances in honey that have cytostatic impacts
on cancer cells without being cytotoxic. For
example, analysis of these active honey samples
indicate the presence of rosmarinic acid, tannic
acid, caffeic acid, coumaric acid, gallic acid, ferulic
acid, syringic acid, catechin, and pyrogallol.*¢
Regardless of how honey interacts with cancer
cells, our findings demonstrate that the anticancer
activities were identified through a cytostatic
test on the MDA cell line. The cytostatic and
cytotoxic outcomes of the tested samples on
MDA cells are illustrated in Figure 1. None of
the samples tested exhibited cytotoxic effects at
any of the concentrations. The honeys labeled
as PH2 and PH3 demonstrated cytostatic activity
on MDA cells. The most significant cytostatic
effects were observed in the PH2 and PH3 honey
samples, which resulted in up to a 43% decrease
in cell viability at a concentration of 4 mg/mL
when compared to the untreated control cells.
The findings of our study align with previously
published reports, demonstrating that the impact
of honey can differ depending on the variety used.
4952 |n addition, our findings concur with many
studies that have documented the cytostatic
properties of honey on a variety of cancer cells,

suggesting that these effects are influenced by
the amount of phenolic content.***2 Recently,
Imtara and colleagues*® observed cytotoxic
impacts of various honeys sourced from Morocco
and Palestine on human colon adenocarcinoma
(HCT-116) and breast cancer (MCF-7) cell lines.
They discovered a robust association between
antioxidant constituents (phenols, flavonoids, and
flavonol) and the cytostatic effect in MCF-7 cells,
as well as a strong inverse relationship between
syringic and tannic acid and the cytostatic activity
in HCT-116 cells. Other studies have demonstrated
the cytotoxic impacts of STH from Sardinia®! and
a study on Manuka honey from New Zealand®
against HCT-116 and metastatic colon epithelial
adenocarcinoma cells (LoVo), with decreased
cytotoxicity observed in non-cancerous cells. It
was reported that Chinese jujube honey exhibited
a cytotoxic effect on HepG2 cells.>*>*

Effect of honey samples on cell migration of
MDA cells

Cancer is not only defined by the
unregulated and escalated growth of cells, but
also by the invasive and spreading traits of these
multiplying cells. It’s well established that the
propensity of breast cancer cells to spread to other
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tissues elevates the risk of death.* We performed
awound healing assay using MDA cells (4 mg/mL)
to evaluate the impact of honey samples on cell
movement. As depicted in Figure 2, our results
indicated that the rate of MDA cell migration is
notably diminished after treatment with PH2 and
PH3 in comparison to the untreated cells (p < 0.05).
As illustrated in Figure 2, after a 24-h delay, PH2
hindered MDA cell migration by 90% compared
to the control cells. On the other hand, PH1 and
PH4 showed a non-significant slight increase in the
migration of MDA cells.

The reduction in tumor cell migration due
to honey samples could be partially attributed to
their cytostatic properties. Honey samples PH2,
and PH3 have shown to decrease cell migration
and exhibit cytostatic activity on MDA cells. The
fact that the suppression of cell migration was
more pronounced than the cytostatic effects
suggests the involvement of additional cellular
and molecular mechanisms. Our findings align
with previous studies that reported the inhibitory
effects of other honey samples and isolated
phytochemicals like resveratrol, kaempferol, and
EGCG on the migration of colorectal and OSCC
cancer cells. To our knowledge, this is the inaugural
study illustrating the anti-metastatic impact
of Palestinian honey samples on MDA breast
cancer cell lines.>*>® Metastasis, the most harmful
aspect of cancer, involves intricate processes®
with a multitude of molecules,® including matrix
metalloproteinases (MMPs), integrins, cadherins,
plasminogen activators, PI3Ks, small GTPases
similar to Ras (Rho, Rac, Cdc42), phospholipase C
(PLCs), and focal adhesion kinases.

The impact of honey on cancer cell
metastasis is not well-documented. A study
conducted in vivo using wildflower honey from
Croatia demonstrated a significant reduction in
metastasis when administered prior to tumor cell
inoculation in CBA mice and Y59 rats.5! In addition
to cytostatic activity of the honey samples,
suppression of MMPs might be involved. MMPs
are proteases, which assist in breaking down the
extracellular matrix, are prominently expressed
in cells that are undergoing metastasis.®? It has
been reported that gallic acid can reduce the
gelatinolytic activity of MMP-2 and MMP-9,
possibly through NF-kB.%* Additionally, several
studies have suggested that honey can decrease

both the expression and nuclear translocation
of NF-kB in vivo and in vitro.®*®> Honey has been
shown to reduce the enzymatic activity of MMP-
2 and MMP-9.%¢ For instance, Fir honey was
found to inhibit human keratinocyte migration by
decreasing MMP-9 expression.®” Quercetin has
been found to downregulate the expression of
both MMP-2 and -9 in PC3 cells.%%°

Identification of phenolic compounds of honey
samples by HPLC and their correlation with the
biological activities

Numerous studies, both in vitro and
in vivo, have highlighted the anti-carcinogenic
properties of plant-based polyphenols on tumor
cells. These effects include inhibiting angiogenesis
and metastasis, acting as anti-proliferative
agents, reducing inflammation, and promoting
apoptosis. Recently, a variety of new polyphenolic
compounds with anticancer potential have been
discovered globally. Some of these compounds
show promise as anticancer drugs, capable of
treating or impeding cancer growth by interfering
with the stages of cancer development, including
initiation, promotion, and progression.”

We utilized liquid-liquid HPLC analysis
to isolate phenolic compounds with anticancer
properties from the honey samples under study.
It’s important to note that the polyphenolic
profile of honey can vary based on the pollination
source as well as geographical and climatic
factors.”>7? Research on Palestinian honey samples,
collected from various regions and floral sources
in Palestine, revealed that the phenolic content
ranged from 26.96 to 70.73 mg equivalence per g
of honey.”® Table 4 presents the concentrations (in
mg/g) of various phenolic compounds determined
in PH3, PH3, and PH4. The Table includes fifteen
identified phenolic compounds: Caffeic acid,
carvacrol, chrysin, ellagic acid, galangin, gallic
acid, kaempferol, p-coumaric acid, pinobanksin,
pinocembrin, protocatechuic acid, quercetin,
rutin, salicylic acid, and silydamin. It’s noteworthy
that ellagic acid, gallic acid, kaempferol, and
p-coumaric acid were detected in all the samples,
albeit in varying quantities. These compounds
are known for their potential health benefits,
including anticancer properties. For example, A
significant positive correlation was found between
the content of caffeic acid and protocatechuic and
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the cytostatic effects (p < 0.01) (Table 5). Caffeic
acid, a phenolic compound prevalent in many
natural sources like honey,”® exhibits numerous
biological properties such as antioxidant, anti-
inflammatory, anticancer, and antidiabetic
effects.”” The highest concentration of caffeic
acid was observed in PH2, while PH3 and PH4
showed negligible to very low concentrations in
comparison. The potential therapeutic effects
of caffeic acid are mediated via repression and
inhibition of transcription and growth factors.”®
Caffeic acid was determined at high levels in
PH1 that exhibited significant cytostatic effects.
Protocatechuic and its precursor, protocatechuic
aldehyde, are components of numerous plants,
fruits, and vegetables.”” Research indicates that
protocatechuic acid has the ability to alter the gut
bacteria composition, potentially enhancing our
health. It also possesses antioxidant properties,
exhibits anti-inflammatory effects, and has been
shown to inhibit cancer development in lab and
animal studies.

p-Coumaric acid, a widely found
hydroxycinnamic acid, is present in numerous
cereal grains, fruits, and vegetables. Past
research has demonstrated that p-Coumaric
acid offers a variety of health benefits, including
antioxidant, antidiabetic, anti-inflammatory,
antiplatelet, antiulcer, and anticancer properties.
This hydroxycinnamic acid has also been shown
to inhibit growth and induce death in certain
colon cancer cells, and prevent cancer in a short-
term animal model.”® Furthermore, this study
examined the antibacterial activity of p-coumaric
acid, suggesting its potential use in treating
microbiome-related inflammation or cancer.”®
p-Coumaric acid was detected in relatively high
quantities (Table 4). There was a strong positive
relationship between the amount of p-coumaric
acid and the antibacterial effects on E. coli (p <
0.01) (Table 5).

A significant positive relationship was
observed between the quantities of carvacrol
and pinocembrin and their ability to inhibit cell
migration (p <0.01) as shown in Table 5. Carvacrol,
which is present in plants such as oregano and
thyme, has demonstrated potential medicinal
properties, notably against different types of
cancer cells. Copper complexes, along with other
organometallic compounds, have been recognized

as potent anticancer agents effective against a
variety of cancer cells, including those of lung
and leukemia. This is attributed to the fact that
copper, being an endogenous metal, is non-toxic to
normal cells.®’ Pinocembrin inhibited the viability,
migration, invasiveness, and expressions of matrix
metalloproteinase (MMP-2) and N-cadherin in
colorectal cancer cells, while promoted E-cadherin
and beta-lactamase-like protein (LACTB). The later
promotes the viability, migration, and expressions
of MMP-2 and N-cadherin in colorectal cancer
cells.®

Research has shown that salicylic acid,
rutin and gallic acid possess properties that can
combat cancer. A strong positive relationship was
observed between the levels of of these three
polyphenols and the cytostatic effects, with a
significance level of less than 0.01 (Table 5). Rutin
inhibits inflammation and tumor progression.®* In
PH1, where high concentrations of salicylic acid
and rutin were detected (Table 4), there was a
marked cytostatic impact. Ahmed and his team
found that the levels of gallic acid, a compound
known for its antioxidant, anti-inflammatory,
antimutagenic, anticancer, and cardioprotective
properties, varied in two kinds of Malaysian
honey.”®# The concentration ranged from 0.16
mg/100 g to 28.7 mg/g of honey (Table 4). This
acid, which is distinguished by its trihydroxylated
phenolic structure, has been identified in several
honey samples. There was a significant positive
correlation between the amount of gallic acid and
the cytostatic effects, with a p-value of less than
0.01 (Table 5).

CONCLUSION

This research showcases four honey
samples (PH1-PH4) collected from diverse regions
in Palestine, highlighting their potential therapeutic
value as natural agents with antibacterial
and anticancer properties attributed to their
polyphenolic composition. Analysis revealed fifteen
phenolic compounds in three honey samples, likely
contributing to observed effects. Notably, the
samples exhibited significant antibacterial activity
against multidrug-resistant strains, particularly
Escherichia coli. A strong positive correlation was
found between antimicrobial activity against E. coli
and the presence of p-coumaric acid, quercetin,
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and silydamin. Cytostatic effects were linked to
caffeic acid, chrysin, protocatechuic acid, rutin,
and salicylic acid (p < 0.01), with PH2 and PH3
reducing MDA cell migration rates significantly
(up to 80%) compared to controls (p < 0.05).
Carvacrol and Pinocembrin also showed a strong
positive correlation with cytostatic effects (p <
0.01). While these findings hold promise, caution
is advised in extrapolating them to clinical practice
pending further research to address limitations.
The study provides valuable insights into the
potential health benefits of tested honey samples,
particularly their anti-infection, antioxidant,
and anticancer properties. Limitations include
the focus on in vitro assessments, overlooking
factors like bioavailability and metabolism of
phenolic compounds, and uncertainty regarding
generalizability to other cancer cell lines or in
vivo models. Future research utilizing animal
models and clinical trials is crucial for validating
these findings and elucidating honey sample
mechanisms in humans.
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