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Oxidative stress, DNA damage, and unresolved inflammation are the predisposing factors of many chronic
and degenerative diseases, including cancer. Stingless bee honey (SBH) is recognized to have high medic-
inal value by traditional medicine practitioners and has been used to treat various illnesses traditionally.
This study aimed to determine the antioxidant, anti-inflammatory, and genoprotective effects of SBH by
using in vitro cell culture models. The sugar content, total phenolic content, radical scavenging activity,
and ferric reducing antioxidant power (FRAP) of SBH were determined in this study. Then, the protective
effect of SBH against hydrogen peroxide (H2O2)-induced cell death and DNA damage was studied by using
WIL2-NS human lymphoblastoid cell line, while the lipopolysaccharide (LPS)-induced RAW 264.7 murine
macrophages cell line was used to study the anti-inflammatory effects of SBH. Results from this present
study showed that the major sugar contents of SBH were fructose (19.39 + 0.01%) and glucose (14.03 ± 0.
03%). Besides, the total phenolic content, the radical scavenging activity, and the FRAP value of SBH were
15.38 ± 0.02 mg GAE/100 g of honey, 34.04 ± 0.21%, and 206.77 + 1.76 lM AAE/100 g honey respectively.
Pretreatment with SBH protected WIL2-NS cells from H2O2-induced cell death and DNA damage
(p < 0.001). Moreover, SBH was also able to attenuate the production of nitric oxide by inhibiting the
expression of inducible nitric oxide synthase in LPS-induced RAW 264.7 cells (p < 0.001). In conclusion,
SBH is rich in total phenolic content and possesses strong antioxidant, anti-inflammatory, and genopro-
tective properties. Our current findings suggest that SBH might be useful in the prevention and treatment
of many diseases caused by oxidative stress and inflammation assuming the observed effects are also
achievable in vivo.
� 2021 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Background

Oxidative stress occurs due to the loss of balance between the
cellular antioxidant defense mechanisms and the level of reactive
oxygen species (ROS) (Pizzino et al., 2017). Excessive accumulation
of ROS can cause damage to many major cellular components,
including, lipid, protein, and DNA. It has been known that oxidative
stress is one of the major causes of mutation and is involved in all
stages of carcinogenesis during neoplasm formation (Kryston et al.,
2011). Recent studies have shown that oxidative stress can cause
genomic instability and gene silencing in cells, thus leading to
the progression of degenerative diseases and speed up the aging
process in the body (Lombard et al., 2005; Lu et al., 2004; Yaacob
et al., 2017).

On the other hand, inflammation is a normal physiological
response to fight against infections, tissue injuries, or irritations
in the body (Ashley et al., 2012). In normal conditions, the inflam-
matory response eliminates infectious agents from the body and
facilitates the tissue repairing process (Medzhitov, 2008). During
acute inflammation, immune cells travel to injured tissue or site
of pathogen invasion and become activated when they contact
with the invading pathogens or via the actions of pro-
inflammatory mediators. Activated immune cells then release toxic
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substances into the surrounding tissues to kill the invading patho-
gens, including the ROS and reactive nitrogen species (RNS)
(Nathan, 2006). However, the toxic contents release by the acti-
vated immune cells not only kills the invading pathogens, but
may damage the surrounding tissues as well. Hence, when the
inflammatory responses become prolonged or unresolvable, patho-
logical conditions may arise, such as autoimmunity, tissue fibrosis,
or tumor growth (Serhan et al., 2020).

Honey is widely used as a sweetener in food. Honey contains a
number of vitamins and minerals, such as vitamin B, vitamin C,
sodium and calcium (Ajibola et al., 2012). Honey is also an
antioxidant-rich natural product due to its high flavonoids and
phenolic acids contents (Ajibola et al., 2012). Besides form being
served as a food product, honey is used to treat various illnesses
traditionally as well (Ediriweera and Premarathna, 2012). Honey
has been shown to possess antibacterial (Jenkins et al., 2011;
Nishio et al., 2016) and anti-fungal (Irish et al., 2006) effects. Fur-
thermore, several studies showed that honey is capable to heal
burn wounds, (Vandamme et al., 2013), chronic venous leg ulcers
(Holland and Norris 2015), and foot ulcers in diabetic patients
(Wang et al., 2019), suggesting that honey possesses high medici-
nal value.

Different types of honey bees can be found in Malaysia, such as
Tualang bee, Jungle bee, Cerung or Cerang bee, and the Kelulut bee
(Barakhbah et al., 2007). Kelulut bee (Trigona species) or better
known as the stingless bee in Malaysia, is smaller in size and with-
out having the sting (Boorn et al., 2010). The stingless bee is often
found in the tropical and subtropical regions of the world. Honey
produced by the stingless bee is more fluidic and diluted as com-
pared to the other honey. In addition, it also possesses a sour like
taste and aroma (Biluca et al., 2014). Stingless bee honey (SBH) is
recognized to have medicinal value by traditional medicine practi-
tioners (Rao et al., 2016; Yaacob et al., 2018). More recently, SBH
has been shown to reduce the total number of aberrant crypt foci,
aberrant crypts, and crypt multiplicity in the colon of
azoxymethane-induced Sprague-Dawley rats, suggesting that SBH
has chemopreventive properties in rats (Yazan et al., 2016). How-
ever, studies reporting on the biological activities of SBH remain
limited. Hence, this study aimed to determine the antioxidant,
anti-inflammatory, and genoprotective effects of SBH by using
the in vitro cell culture model.
2. Materials and method

2.1. Honey samples

The SBH produced by stingless bee from Trigona itama species
was supplied by Malaysia Agriculture Research and Development
Institute (MARDI). The SBHwas collected from a controlled agricul-
tural ecosystem developed within the forest area by MARDI with
approximately 120 species of rare plants and fruits and stingless
bees as the main pollinator in this ecosystem.
2.2. Sugar analysis

The sugar content of SBH was analyzed by using a high-
performance liquid chromatography (HPLC) system (Waters model
2707) coupled with the Waters RI-2414 refractive index detector
and XBridge Amide column (250 � 4.6 mm, 3.5 lm particle size,
Ireland), as reported previously with slight modification (Hussein
et al., 2011). The SBH was diluted to 1 mg/mL by using deionized
water. The diluted sample was filtered by using the 0.45 lm syr-
inge filter (BT Lab, Malaysia) before injection into the HPLC system
with a flow rate of 1.0 mL/min. Acetonitrile (75%) and deionized
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water (25%) with 0.2% of triethylamine were used as the mobile
phase for this study.

2.3. Total phenolic content of SBH

The Folin-Ciocalteu method was used to study the total pheno-
lic content of the SBH samples, as described previously with slight
modification (Kek et al., 2014). The SBH was diluted in methanol to
the concentration of 1 g/mL (Merck, Germany). Then, 0.5 mL of SBH
sample was mixed with 2.5 mL of 0.2 N Folin-Ciocalteu reagents
(Sigma Aldrich, USA) and was left at room temperature for 5 min
before the addition of 2 mL of sodium carbonate solution (15%
w/v; Sigma Aldrich, USA). After 2 h of incubation in dark condi-
tions, the absorbance of the reaction mixture was measured at
the wavelength of 798 nm by using a UV–VIS spectrophotometer.
Gallic acid solutions (0 to 0.10 mg/mL) were used as the standard
for this assay and the data were expressed as mg of Gallic acid
equivalents per 100 g of honey sample (mg GAE/100 g honey).

2.4. The free radical-scavenging activity

The free radical-scavenging power of the SBH sample was mea-
sured by using the 2,2-diphenylpicrylhydrazyl (DPPH) assay, with
slight modification from Aljadi and Kamaruddin (2004) method.
Firstly, the concentration of SBH was adjusted to 0.1 g/mL by using
distilled water. Then, the DPPH solution was prepared by dissolv-
ing 0.09 mg of DPPH (Sigma Aldrich, USA) in 1 mL of methanol.
Subsequently, 0.75 mL of the diluted SBH sample was mixed with
1.5 mL of the DPPH reagent. After 90 min of incubation at room
temperature in dark conditions, the absorbance was measured at
the wavelength of 517 nm by using a UV–VIS spectrophotometer.
The obtained data were expressed as the percentage of DPPH scav-
enging activity.

2.5. Ferric reducing antioxidant power (FRAP) assay

The FRAP assay was performed with slight modification from
Benzie and Strain (1996) method. The concentration of SBH was
adjusted to 0.1 g/mL by using distilled water. The FRAP reagent
was prepared by mixing 1 mL of 20 mM ferric chloride (FeCl3) solu-
tion, 1 mL of 10 mM tripyridyltriazine (TPTZ) solution (0.31 g TPTZ
dissolved in 100 mL 40 mM HCl) and 10 mL of acetate buffer
(0.16 g sodium acetate dissolved in 100 mL of 0.28 M acetic acid;
pH 3.6). The FRAP reagent was heated up to 37 �C before the exper-
iment. Then, 25 lL of sample or standard solution was added into
175 lL FRAP reagents. After 4 min of incubation at 37 �C, the absor-
bance was measured at the wavelength of 593 nm by using a UV–
VIS spectrophotometer. Ascorbic acid solutions with concentra-
tions ranging from 0 to 1000 mM were used as the standard for this
assay, and the FRAP value of the SBH sample was expressed as mM
ascorbic acid equivalent per 100 g of honey sample (mM AAE/100 g
honey).

2.6. Cell culture and SBH treatment

The WIL2-NS lymphoblastoid cell line and RAW 264.7 murine
macrophages cell line were used to determine the protective
effects of SBH against hydrogen peroxide (H2O2)-induced oxidative
damage and the anti-inflammatory effects of SBH respectively.
Both cell lines were obtained from American Type Culture Collec-
tion (ATCC, Rockville, MD, USA). Generally, WIL2-NS cells and
RAW 264.7 cells were cultured following the protocol provided
by ATCC. SBH was diluted in complete cell culture medium and
was filter-sterilized using a 0.22 mm PES syringe filter (Millipore,
USA) before each treatment. In general, the WIL2-NS cells
(2 � 105 cells/mL) were treated with various concentrations of
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SBH (% v/v) for 3 days before challenging them with (30 mM) H2O2

(Sigma, USA) for 30 min. On the other hand, RAW 264.7 cells were
plated at the initial density of 1 � 105 cells/mL for 18 h before
being treated with different concentrations of SBH. After 2 h of
incubation, lipopolysaccharide (LPS; 1 mg/mL; Sigma, USA) was
added into the treatment medium and the cells were further incu-
bated for another 22 h prior to testing for inflammation
biomarkers.

2.7. MTT cell viability assay

Cytotoxic effects were determined by using the MTT cell viabil-
ity assay, as described in the previous study (Ooi et al., 2014).
Briefly, 20 lL of MTT solution (5 mg/mL dissolved in phosphate-
buffered solution, Merck, Germany) was added into each well
and the plate was incubated for 4 h in an incubator containing
5% carbon dioxide at 37 �C. Then, the supernatant was discarded
and the remaining formazan was dissolved in 200 lL of dimethyl
sulfoxide (DMSO). After 30 min of incubation, the absorbance of
each well was measured at the wavelength of 570 nm by using
the I-MarkTM microplate reader (Bio-Rad Laboratories, USA). The
percentage of viable cells was calculated relative to the negative
control group.

2.8. Alkaline comet assay

The alkaline comet assay was performed with some modifica-
tion from the previous method (Ooi et al., 2020). First, the fully
frosted slide was pre-coated with 100 mL of 0.6% (w/v) normal
melting agarose (NMA; Sigma Aldrich, USA). Then, the harvested
WIL2-NS cells were mixed with 0.6% (w/v) low melting point agar-
ose (LMA; Sigma Aldrich, USA) and were pipetted on top of the
solidified NMA layer. Once the LMA layer solidified, the slides were
gently immersed in the lysis buffer solution (2.5 M NaCl, 100 mM
EDTA, 10 mM Tris, and 1% Triton-X) at 4 �C for 12 h. Before elec-
trophoresis, the slide was immersed in the pre-chilled elec-
trophoresis buffer (0.3 N NaOH, 1 mM EDTA) for 20 min to
unwind the DNA strands before running the electrophoresis for
20 min. Then, the slide was rinsed with neutralization buffer solu-
tion (400 mM Tris) 3 times. After staining with ethidium bromide
solution (10 mg/mL; Sigma Aldrich, USA), the slide was covered
with a glass slide and being observed by using the Olympus
BX51 fluorescent microscope. The individual comet images were
analyzed by using Comet Assay IV software.

2.9. Nitrite measurement

The Griess assay was performed as described in the previous
study (Ooi et al., 2017). The Griess reagent was prepared freshly
before the experiment by mixing the 1% (w/v) sulfanilamide solu-
tion [dissolved in 5% (v/v) phosphoric acid] with 0.1% (w/v) N-1-
napthylethylenediamine dihydrochloride solution in 1:1 ratio.
After treatment, 100 lL of the cell culture medium from each treat-
ment was transferred into the designated well in a 96-well plate
prior to the addition of 100 mL of Griess reagent into each well.
The plate was protected from light and incubated at room temper-
ature for 10 min before analyzed with an I-MarkTM microplate
reader (Bio-Rad Laboratories, USA) at the wavelength of 570 nm.
The nitrite concentrations in the culture supernatant were deter-
mined based on sodium nitrite as a standard reference.

2.10. Immunoblotting analysis

The harvested cells from each treatment were lysed by using
100 lL of radioimmunoprecipitation assay (RIPA) buffer (Sigma,
USA). The protein concentration of each sample was measured by
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using a NanoPhotometer at the wavelength of 280 nm (IMPLEN
P330, Germany) before adjusted to the concentration of 1 mg/mL
by using RIPA buffer. The immunoblotting analysis was then per-
formed by using the sodium dodecyl sulfate–polyacrylamide gel
electrophoresis (SDS-PAGE) coupled with the SNAP i.d. 2.0 protein
detection system (Millipore, USA), as described by Ooi et al. (2014)
with slight modification. The expression level of proteins of inter-
est was detected by using the primary antibodies against poly
(ADP-ribose) polymerase-1 (PARP-1), inducible nitric oxide syn-
thase (iNOS), cyclooxygenase-2 (COX-2), and b-actin (Cell Signal-
ing Technology, USA) together with the horseradish peroxidase
(HRP)-conjugated secondary antibody. The targeted protein bands
were then visualized by using the Immobilon Forte Western HRP
substrate (Millipore, USA) and the Fusion FX7 documentation sys-
tem (Vilber Lourmat, Germany). The b-actin bands were used as
the loading control for this study.

2.11. Statistical analysis

Three independent experiments (n = 3) were performed to
answer each objective. Prism 7.0 software (GraphPad Inc., San
Diego, CA) was used to perform the statistical analysis. Indepen-
dent T-test and one-way analysis of variance (ANOVA) followed
by Tukey’s Post-Hoc test was used to analyze the data obtained
from experiments. A p-value < 0.05 was considered statistically
significant. All experimental results are expressed as the
mean ± standard error (SE).
3. Results

3.1. The sugar content, total phenolic content, and antioxidant power
of SBH

As shown in Table 1, the major sugar contents of SBH are fruc-
tose (19.39 ± 0.01 g/100 g honey) and glucose (14.03 ± 0.03 g/100 g
honey). Both of them are monosaccharide sugars. Only a little
amount of disaccharide sugars was detected in the SBH. The per-
centage of sucrose and maltose was 1.27 + 0.02 g/100 g honey
and 0.84 ± 0.01 g/100 g honey respectively, with no lactose was
detected in the samples. On the other hand, the total phenolic con-
tent, DPPH free radical scavenging activity, and FRAP value of SBH
was 15.38 ± 0.02 mg GAE/100 g honey, 34.04 ± 0.21%, and 206.77
± 1.76 lM AAE/100 g honey respectively (Table 1).

3.2. Effects of SBH on the viability of WIL2-NS cells

Based on Fig. 1, after treatment with SBH for 3 days, the viability
of WIL2-NS cells reduced significantly with increasing concentra-
tion of SBH. Around 68.23 ± 4.28% of cells remained viable after
treated with the highest concentration (0.8%) of SBH for 3 days.
On the other hand, the viability of WIL2-NS cells dropped signifi-
cantly from 100% in negative control to 29.41 ± 0.89% after H2O2

induction. In cells pretreated with SBH, significant increment in
cell viability was detected at the concentrations of 0.2% (68.16 ± 1.
45%, p < 0.01), 0.4% (90.41 ± 3.58%, p < 0.001) and 0.8% (89.49 ± 9.
43%, p < 0.001) as compared to positive control group (cells
induced with H2O2 only without SBH pretreatment).

3.3. SBH protects WIL2-NS cells from oxidative DNA damage

Fig. 2 showed that treatment with 0.2%, 0.4%, and 0.8% of SBH
did not show any significant increment in the tail moment as com-
pared to the negative control, suggesting that SBH itself is not
genotoxic. After H2O2 induction, the tail moment increased signif-
icantly from 1.87 ± 0.60 a.u. in negative control to 81.87 ± 1.08 a.u.



Table 1
The sugar content, total phenolic content, DPPH radical scavenging activity, and FRAP
value of SBH.

Parameter Value

Sugar content
Glucose 14.03 ± 0.03 g/100 g honey
Fructose 19.39 + 0.01 g/100 g honey
Sucrose 1.27 + 0.02 g/100 g honey
Maltose 0.84 + 0.01 g/100 g honey
lactose Not detected
Total phenolic content 15.38 ± 0.02 mg GAE/100 g honey
DPPH radical scavenging activity 34.04 ± 0.21%,
FRAP value 206.77 ± 1.76 lM AAE/100 g honey

Note: All results are expressed as mean ± SE (n = 3).

Fig. 1. The viability of WIL2-NS cells after treated with different concentrations of
SBH with or without H2O2 induction (30 mM) for 30 min. aSignificant difference
(p < 0.05) as compared to the negative control (cells without SBH and H2O2

treatment). bSignificant difference (p < 0.05) as compared to the positive control
(cells treated with H2O2 only). *Significant difference (p < 0.05) between groups. All
results are expressed as mean ± SE (n = 3).

Fig. 2. Tail moment of WIL2-NS cells after treated with different concentrations of
SBH with or without H2O2 induction (30 mM) for 30 min. aSignificant difference
(p < 0.05) as compared to the negative control (cells without SBH and H2O2

treatment). bSignificant difference (p < 0.05) as compared to the positive control
(cells treated with H2O2 only). *Significant difference (p < 0.05) between groups. All
results are expressed as mean ± SE (n = 3).
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Pretreatment with SBH significantly reduced the tail moment val-
ues in a concentration-dependent manner. No significant differ-
ence in the tail moment value can be found between cells
pretreated with 0.8% of SBH (0.86 ± 0.13 a.u.) and negative control
group (1.87 ± 0.60 a.u.)..
3.4. Effects of SBH on PARP-1 expression in WIL2-NS cells

As shown in Fig. 3, SBH did not cause any significant changes in
PARP-1 expression in the absence or presence of H2O2 induction,
suggesting that the genoprotective effect of SBH was independent
of PARP-1 expression.
3.5. Cytotoxicity of SBH against RAW 264.7 cells

After 24 h of treatment, the viability of RAW 264.7 cells reduced
significantly with increasing concentration of SBH. Significant
reduction in cell viability was detected starting from cells treated
with 1.25% of SBH (91.14 ± 1.10%), as compared to the negative
control (100%). Hence, based on the cell viability curve (Fig. 4),
the highest concentration used in the assessments of the anti-
inflammatory potential of SBH was 1% (v/v) since this concentra-
tion caused less than 10% of cell death. This is because induction
of cell death may cause many undesired effects that can jeopardize
the validity of this in vitro anti-inflammatory model (Zitvogel et al.,
2010).
3.6. Effects of SBH on COX-2 expression, iNOS expression, and nitrite
accumulation in RAW 264.7 cells

In the absence of LPS induction, pretreatment with 1% SBH did
not induce production of NO or expression of iNOS and COX-2 in
RAW 264.7 cells. After challenged with LPS, SBH did not suppress
the expression of COX-2 in RAW 264.7 cells (Fig. 5a). However,
iNOS expression and NO production were significantly inhibited
by SBH pretreatment in a concentration-dependent manner
(Fig. 5b & c). Significant suppression of iNOS expression
(p < 0.05) was observed in RAW 264.7 cells pretreated with 0.5%
(71.31 ± 3.82%) and 1% (68.11 ± 3.90%) of SBH, as compared to
the positive control (cells induced with LPS only without SBH pre-
treatment; 100%). On the other hand, significant reduction in NO
production was detected starting from 0.125% of SBH pretreatment
(88.45 ± 1.02%; p < 0.001).
4. Discussion

The mono and disaccharide sugars found in honey play an
essential and important role in cellular metabolism. Previous stud-
ies have shown that monosaccharide sugars such as fructose and
glucose are among the many sugar components found in most stin-
gless bees’ honey (Abd Jalil et al., 2017). In this present study, the
amount of monosaccharide sugars was higher than the disaccha-
ride sugars. Fructose and glucose are the major sugars found in
the SBH, with the value of 19.39 + 0.01 g/100 g honey and 14.03
± 0.03 g/100 g honey respectively. Previous studies have also

reported that the average values of fructose and glucose levels in
SBH produced by Trigona itama bee were 15.77 g/100 g honey
and 9.22 g/100 g honey respectively (Kek et al., 2018). Similarly,
another study on SBH showed that the fructose and glucose levels
were 13.4 g/100 g of honey and 16.4 g/100 g of honey respectively
(Se et al., 2018). The slight differences in the quantity of fructose
and glucose levels in different stingless bee honey may be due to
the differences in the type of nectar used by the bee and the geo-
graphical location of the beehives (Abd Jalil et al., 2017).



Fig. 3. The immunoblot image representing PARP-1 expression level in WIL2- NS
cells after treated with different concentrations of with or without H2O2 induction
(30 mM) for 30 min.

Fig. 4. Effects of SBH on the viability of RAW 264.7 cells. *Significant difference
(p < 0.05) as compared to the negative control (cells without SBH and H2O2

treatment). All results are expressed as mean ± SE (n = 3).
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Besides that, it is noted that the total fructose and glucose con-
tent of the SBH as reported in this study and previous studies were
less than the 60 g/100 g of honey and does not meet the Codex
standard for honey (Codex Alimentarius Commission, 2001; Kek
et al., 2018; Se et al., 2018). Similarly, another study conducted
in Thailand showed that the total fructose and glucose content of
SBH produced by Tetragonula laeviceps-pagdeni bee was
31.0 g/100 g of honey only (Chuttong et al., 2016). However, the
SBH produced by other species of stingless bee in Brazil were able
to meet the minimum requirement of the Codex standard (Biluca
et al., 2016), suggesting that the SBH produced by certain genera
of stingless bee have lower sugar contents, particularly the fructose
and glucose contents.

On the other hand, a minimal amount of disaccharide sugars
were present in the SBH sample which include sucrose and mal-
tose. In agreement with our present findings, the study conducted
by Se et al. (2018) showed an average sucrose content of 3.46 ± 2.
49 g/100 g of honey, which meets the standard set by the Codex
Alimentarius whereby the sucrose content of pure honey should
not exceed 5%. The sucrose content of pure honey is usually small
due to the presence of invertase enzyme that breakdown sucrose.
However, previous studies have shown that the sucrose content
in Malaysian SBH honey was 32.3 g/100 g of honey, which is much
higher as compared to our current findings (Kek et al., 2018). The
exact reason underlying such discrepancy remains unclear. How-
ever, high sucrose content is usually associated with overheating
of the honey sample, which denatures the invertase enzyme and
stopping the breakdown of sucrose into fructose and glucose
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(Chua et al., 2014). Besides that, the sucrose level of honey can also
be increased if the honey is harvested before ripening since sucrose
is broken down by the invertase enzyme during the ripening pro-
cess (Belay et al., 2017).

The total phenolic content of our current SBH sample is slightly
lower as compared to the previous findings, which were between
22.81 and 23.53 mg GAE/100 g honey (Ranneh et al., 2018). How-
ever, another study reported that the total phenolic content of SBH
falls between the range of 79.15 ± 0.6 mg GAE/100 g honey and
105.88 ± 2.1 mg GAE/100 g honey (Kek et al., 2014). Many factors
have been reported to cause variations in the total amount of phe-
nolic content in SBH, such as the sources of nectar, the season of
honey collection, storage condition, and harvesting technology
(Kaškonienė and Venskutonis, 2010). In this present study, both
DPPH radical scavenging activity and FRAP value of SBH were rel-
atively lower as compared to the previously reported values
(Alvarez-Suarez et al., 2018; Ng et al., 2017; Nweze et al., 2017).
The main reason underlying such observation might be due to
the discrepancy in the total phenolic content of the SBH since the
antioxidant power of the SBH was positively correlated to the
amount of phenolic content (Alvarez-Suarez et al., 2018; Nweze
et al., 2017; Ranneh et al., 2018). Previously, high amount of phe-
nolic content has also been reported to increase the antioxidant
capacity of honey as well (Wilczyńska 2010).

Results from the MTT assay demonstrated that SBH alone can
induce cell death in WIL2-NS cells and RAW 264.7 in a
concentration-dependent manner. Previous studies have shown
that the osmolality of honey is in parallel with the concentration
of honey (Tan et al., 2014). As a result, more fluid will exit the cells
when the concentration of the honey increases in order to achieve
homeostasis with the cell’s external environment. Eventually, this
will cause cell death when the concentration of the honey is
beyond the optimal concentration. Furthermore, the viability of
the cells was also impacted by the acidity of the treatment medium
since the medium became more acidic with an increasing concen-
tration of SBH. Previously, it has been shown that treatment with
Gelam honey can increase the rate of proliferation of corneal kera-
tocytes (Yusof et al., 2016). This finding is in contrast with our cur-
rent results since treatment with SBH did not stimulate
proliferation in WIL2-NS cells. This may be due to the high glucose
content found in Gelam honey, which may favor the proliferation
of the cells since glucose is the main source of energy (Yusof
et al., 2016).

In this present study, SBH was demonstrated to possess strong
antioxidant capacity and was able to protect cells from H2O2-
induced cytotoxicity and DNA damage. To the best of our knowl-
edge, this is the first work describing the cytoprotective and geno-
protective properties of SBH against oxidative damage. It is known
that H2O2 can react with the ferrous ion to form hydroxyl radicals,
which may damage the DNA strands and cause DNA strand breaks
(Cheng et al., 2017). Hence, we postulated that the protective effect
of SBH against oxidative DNA damage is probably due to the pres-
ence of high amount of phenolic content in the SBH. In agreement
with our findings, previous study has demonstrated that honey and
its phenolic extract was able to protect cells from H2O2-induced
DNA damage due to its potent reducing power and radical scaveng-
ing activities (Cheng et al., 2017; Zhou et al., 2012). Besides, the
expression level of PARP-1 was determined as well to study the
mechanism underlying the genoprotective effects of SBH. PARP-1
is a DNA repairing enzyme that plays a crucial role in maintaining
genomic integrity and stability (De Vos et al., 2012). In the occasion
of DNA damage, PARP-1 immediately binds to the DNA lesion and
catalyzes the poly(ADP-ribose) production, which promotes the
recruitment of other DNA repairing and chromatin remodeling fac-
tors to the site of lesion (Langelier and Pascal 2013). However, pre-
treatment with SBH did not cause any significant changes in PARP-



Fig. 5. Effects of SBH on (a) COX-2 expression, (b) iNOS expression, and (c) nitric accumulation in LPS-induced RAW 264.7 cells. aSignificant difference (p < 0.05) as compared
to the negative control (cells without SBH and H2O2 treatment). bSignificant difference (p < 0.05) as compared to the positive control (cells treated with H2O2 only). All results
are expressed as mean ± SE (n = 3).
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1 expression, suggesting that the genoprotective effect of SBH was
independent of PARP-1 expression.

Results from this present study showed that SBH was capable of
suppressing the production of NO in RAW 264.7 cells after LPS
induction. NO is one of the important mediators of inflammation
(Aktan 2004). The high amount of NO produced during inflamma-
tion is crucial in the elimination of various pathogens. However,
overproduction of NO could be destructive because it may damage
the surrounding tissue and leads to the development of various
inflammatory diseases (Sharma et al., 2007). Thus, our present
findings suggest that SBH could help to prevent the development
of such complications. Besides that, pretreatment with SBH was
also able to downregulate the expression of iNOS. Cells do not
express iNOS in normal physiological conditions, and the induction
of iNOS expression is usually initiated in response to several stim-
uli, such as the LPS. The induction of iNOS expression during the
inflammatory process catalyzes the conversion of L-arginine into
NO (Aktan, 2004). Taken together, we propose that the reduction
of NO production in cells pretreated with SBH after LPS induction
was due to the inhibitory effects of SBH on iNOS expression. Previ-
ously, several studies have also demonstrated that honey (Gelam
honey and Tualang honey) was able to downregulate the iNOS
expression and NO production (Ahmad et al., 2012; Hussein
et al., 2012; Kassim et al., 2010; Kassim et al., 2012a, 2012b).
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COX-2 is the inducible isoform of cyclooxygenase which cat-
alyzes the conversion of arachidonic acid to prostaglandins
(Hashemi Goradel et al., 2019). At normal physiological conditions,
COX-2 remains undetectable. However, various conditions such as
pro-inflammatory stimulus greatly enhance the expression of COX-
2. Overexpression of COX-2 is associated with several pathological
conditions as well, such as rheumatoid arthritis and cancer
(Tsatsanis et al., 2006). Previously, honey has been reported to sup-
press the induction of COX-2 expression (Ahmad et al., 2012;
Hussein et al., 2012, 2013). However, our present findings showed
that SBH was unable to downregulate the expression of COX-2
after LPS induction. Although we do not know the actual reason
underlying such discrepancy, however, it could be due to the vari-
ation in the composition of the honey tested in this present study
and previous studies.

Besides, previous studies have demonstrated that honey can
reduce the intracellular ROS level and inhibit the production of
ROS from respiratory burst during inflammation (Ahmad et al.,
2009; Ahmed Mesaik et al., 2008). Furthermore, it is known that
oxidative stress can activate various signaling pathways and leads
to inflammation (Reuter et al., 2010). Hence, the ability of honey to
scavenge the intracellular ROS can stop the progression of inflam-
mation. In this present study, we demonstrated that SBH was able
to protect WIL2-NS cells from H2O2-induced oxidative damage due
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to its high phenolic content and antioxidant capacity, suggesting
that the anti-inflammatory effects of SBH were partly due to its
potent antioxidant properties.

Previous in vitro study also demonstrated that SBH was able to
reduce the production of interleukin (IL)-6, tumor necrosis factor-a
(TNF-a) and interferon production in LPS-stimulated macrophages
(Ranneh et al., 2019). Besides, after being challenged with LPS, SBH
was showed to improve the antioxidant status and suppress the
NF-jB and MAPK signaling in various tissues of rats (Biluca et al.,
2020). Taken together, we suggest that SBH might be useful in
the management of various inflammatory diseases. Recently,
Mustafa et al., (2020) suggested that SBH could be used as a func-
tional food to complement the treatment of early COVID-19
infected patients due to its anti-inflammatory properties. The abil-
ity of SBH to suppress the production of IL-6 could help to relieve
the severity of coronavirus infection since overexpression of IL-6
has been proposed to worsen the pathogenesis of the infection.
However, further study is needed to support such postulation.

5. Conclusion

In conclusion, our current findings showed that SBH is rich in
phenolic content, possesses potent cytoprotective and genoprotec-
tive effects against H2O2-induced oxidative damage, and was able
to suppress the inflammatory process in LPS-induced RAW 264.7
cells. Our current findings suggested that SBH has high medicinal
value and might be useful in the treatment and management of
many diseases. Future in vivo intervention studies are warranted
to further explore the bioavailability and bioefficacy of SBH bioac-
tive compounds and beneficial health effects of SBH in humans
when applied topically or consumed orally.
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