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Abstract

In this study, the protective role of royal jelly (RJ) against the potential toxic effects of sodium benzoate was investigated in
Allium cepa L. test material with physiological, genetic, and biochemical parameters. Physiological changes were evaluated by
determining weight gain, rooting percentage, root length, and relative injury rate. The genetic evaluations were carried out with
chromosomal abnormalities (CAs), micronucleus (MN), tail DNA formation, and mitotic index (MI) ratio parameters. The
biochemical evaluations were carried out by determining lipid peroxidation and antioxidant enzyme activities by determining
levels of malondialdehyde (MDA), glutathione reductase (GR), superoxide dismutase (SOD), and catalase (CAT). Further, the
interaction of sodium benzoate with antioxidant enzymes was evaluated with molecular docking analysis. The antimutagenic
effect of RJ was evaluated as the inhibition of chromosomal abnormalities (CAs) and tail DNA formations. A total of six groups
were formed in the study. A. cepa L. bulbs in the control group were treated with tap water; the bulbs in the administration groups
were treated with sodium benzoate (100 mg/L), RJ (25 mg/L and 50 mg/L doses), and sodium benzoate—RJ combinations with
these doses for 72 h. As a result, it was determined that sodium benzoate application caused inhibition of physiological
parameters and MI; induced MN, CAs, and DNA damage; and also caused oxidative stress. Depending on the concentration
of RJ application, it reduced sodium benzoate toxicity by showing therapeutic effects in all these parameters. Also, the interaction
of sodium benzoate with antioxidant enzyme residues was determined by molecular docking analysis. As a result, it has been
understood that abandoning the use of sodium benzoate will be beneficial for the environment and human health and concluded
that the use of RJ in the daily diet will be effective in reducing the impact of exposed toxic ingredients.

Keywords Sodium benzoate - Micronucleus - Comet assay - Chromosomal abnormalities - Molecular docking - Lipid
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Introduction

Human beings are subjected to a wide variety of xenobiotics
depending on lifestyle, diet, habits, and medical purposes and
for many other reasons, along with environmental and profes-
sional reasons. Therefore, the effects of xenobiotic exposure
should also be investigated. An important part of xenobiotics
is taken into the human body due to the use of different addi-
tives in the processing and production in the industrialized
food sector (Croom 2012). During the production, processing,
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packaging, and storage of food, the taste, appearance, struc-
ture, smell, and other features of the food can be preserved
with food additives. Additives may differ as colorants, sweet-
eners, and various additives depending on the application pur-
pose (Calvo-Flores et al. 2018; Saad et al. 2005). Besides
increasing flavor, food additives are used for purposes such
as improving packaging and storage conditions and maintain-
ing appearance. Intensive food additive use is assumed to be a
high risk for health in the community (Bearth et al. 2014).
Sodium benzoate is used as an antimicrobial additive for
foods (Clipley 2020). Sodium benzoate, the sodium salt of
benzoic acid, is a pure, colorless, or crystalline powder com-
pound with a molecular weight of 144.11 g/mol. Benzoates
are used extensively in the preservation of acidic and easily
acidified foods, such as carbonated drinks, cider, juices, sau-
erkraut, and pickles (Burdock 1997). It is also used in soft
drinks, sauces, seafood, creams, toothpaste, lotions, edible
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coatings, and some curative products (Andrade et al. 2020). It
has been certified by the FDA as “generally regarded as safe,”
which means it can be found in concentrations above 0.1% in
foods (Lennerz et al. 2015). It is used in the pharmaceutical
industry for the treatment of liver diseases, urea cycle disorder,
and multiple sclerosis (Yadav et al. 2016). It is commonly
reflected as the most active against bacteria and yeast and less
active against mold (Saad et al. 2005). It has been reported that
when sodium benzoate is metabolized by living organisms, an
active compound may be formed that acts on DNA, affecting
the genetic structure of cells and cell division
(Shahmohammadi et al. 2016).

Royal jelly (RJ) is one of the most impressive foods in the
dietetic and cosmetic industries. RJ is a milky and thick ex-
cretion secreted from the mandibular and hypopharyngeal
glands of bees, used to feed the larvae (Isidorov et al. 2009).
It includes different organic acids, amino acids, proteins, ste-
roids, phenols, minerals, esters, sugars, trace elements, and
additional components (Ramadan and Al-Ghamdi 2012).
Also, RJ composition varies depending on regional and sea-
sonal situations. Chemically, the fresh form contains water,
carbohydrates, fat, proteins, mineral salts, and a small number
of polyphenols and contains vitamins (Ramadan and Al-
Ghamdi 2012). It has been reported that RJ contains 8 essen-
tial amino acids (isoleucine, lysine, methionine, tryptophan,
leucine, threonine, valine, and phenylalanine) and 5
nonidentified related compounds (Barnutiu et al. 2011) and
a small amount of vitamin C; phosphates such as ATP, ADP,
and AMP; and nucleotides as free bases (Xue et al. 2017).
Almost about 185 organic compounds have been identified
in RJ. One of the most important proteins in RJ is
Royalactin. It also includes 10-hydroxy-2-decenoic acid, an
immunomodulatory fatty acid, and bioactive compounds
(Sugiyama et al. 2012). It is also known that RJ is a natural
antimicrobial. RJ has been reported to inhibit bacteria, espe-
cially gram-positive bacteria, and show antibacterial activity
against different pathogenic bacteria (Stocker 2003). It has
many biological activities, especially antimicrobial, antioxida-
tive, immunomodulatory, tumoricidal, and anti-inflammatory
activities. It is commercially available in many countries in
cosmetics, healthy nutrition products, and medicines
(Nakajima et al. 2009).

One of the suitable plant test models is Allium cepa L. used
to investigate the potentially toxic effects of chemical com-
pounds (Bhat et al. 2019). The fact that 76% of 148 chemicals
whose toxicity was evaluated with the A. cepa L. test gave
true-positive results enabled this test to be known as a standard
test to determine the chromosomal abnormalities caused by
the chemicals (Grant 1982). The use of A. cepa L., a high-level
organism, as a test material provides information about poten-
tial damage to the DNA of an organism with a detoxification
mechanism, unlike cell cultures (Bonciu et al. 2018;
Bystrzejewska-Piotrowska and Urban 2004). The data

obtained as a result of the Allium cepa L. test provide accurate
estimates of the effects of the agent investigated on other liv-
ing biodiversity (Vicentini et al. 2001). The similarity between
the findings of the toxicity experiments with the A. cepa L. test
obtained from in vivo animal tests and in vitro cell culture tests
indicates the authenticity of this test. For example, it has been
reported that paraquat causes micronucleus (MN) formation in
African sharptooth catfish (Oladokun et al. 2020) and A. cepa
L. (Acar et al. 2015)., and imazalil has genotoxic effects in
A. cepa L. (Cildir and Liman 2020) and cultured human lym-
phocyte cell (Turkez and Aydm 2013). The results of the
studies evaluated with the A. cepa L. test were compatible
with other researches, indicating the reliability of the test.
A. cepa L. test has been also used to determine the impact of
environmental contaminants and chemical compounds such
as water pollutants (Rodrigues et al. 2020), pesticides
(Fioresi et al. 2020), wastewater (Babatunde et al. 2016),
and food additives (Acar et al. 2020).

The lack of a systematic research on sodium benzoate tox-
icity and the therapeutic effects of the RJ led to the notion of
examining both effects in vivo with this study. In this research,
toxic effects of sodium benzoate and the therapeutic role of RJ
were investigated on Allium cepa L. test material with the
physiological, genetic, and biochemical parameters.

Materials and methods
Test material

Allium cepa L. bulbs used for testing were purchased from the
local market, and plant material was approved by using taxo-
nomic characters at Giresun University, Faculty of Arts and
Sciences, Botany Department.

Preparation of royal jelly

Royal jelly (RJ) was acquired from a local beekeeper in
Giresun, Turkey. RJ collected from the 3-day-old larvae of
the queen bees was kept frozen at —20°C until used. It was
diluted in distilled water and shaken gently overnight.
Appropriate doses were prepared for the test by diluting the
supernatant.

Determination of application doses

Although there is no study on the effective dose of sodium
benzoate in plant test materials, other studies in the literature
were examined and the appropriate dose was determined. The
ECso value of sodium benzoate against chymotrypsin and
trypsin activity has been reported as 25 mg/L and 80 mg/L,
respectively (Esimbekova et al. 2017). The European Food
Safety Authority (EFSA 2016) reported the LDs, level for
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sodium benzoate as 2000 mg/kg. Doses of 1, 1.5, and 2 mg/
mL (Pongsavee 2015) and 6.25, 12.5, 25, 50, and 100 pug/mL
(Zengin et al. 2011) were administered in genotoxicity studies
performed on lymphocyte cells. Due to the effective doses
used in the studies and the reported high ECsy and LDsy
values, the lower dose of 100 mg/L was preferred in the study
and thus, the effect of sodium benzoate at low doses could be
observed.

The protective role of royal jelly on plant test material has
not been studied much, and there is no evidence in the litera-
ture that it has a toxic effect. Therefore, the selection of royal
jelly doses used in the study was made depending on the doses
used in previous studies (Tiirkmen et al. 2009; Tohamy et al.
2019; Qiu et al. 2020; Waykar and Algadhi 2020). It was
determined that the lowest doses applied in the studies exam-
ined were 25 mg/L and 50 mg/L, and these doses were pre-
ferred in this study. Thus, the effect of royal jelly at low doses
will be observed.

Experimental design

Six groups were formed, containing approximately equally
sized and healthy A. cepa L. bulbs, with 50 bulbs in each
group. The control group was treated with tap water, and
application groups were treated with sodium benzoate (100
mg/L), RJ (25 mg/L and 50 mg/L), and their combination at
24 °C during 72 h. The application was made in 60 % 42-mm
beakers containing 40-mL application solution for each bulb,
and the roots were directly exposed to the application solu-
tions. Fifty bulbs for each group were used for the macroscop-
ic analysis of physiological parameters, and 10 bulbs were
randomly selected in each group for microscopic and bio-
chemical analysis. Application groups and treatments are giv-
en in Table 1.

Measurement of physiological parameters

The weight gain of A. cepa L. bulbs was determined by mea-
surements made with sensitive scales before and after appli-
cation. Root lengths were measured with a millimetric ruler on
the basis of radicle formation. The percentage of rooting and

Table 1 Application groups

Groups Application

Group I Tap water

Group 11 25 mg/L royal jelly

Group III 50 mg/L royal jelly

Group IV 100 mg/L sodium benzoate

Group V 100 mg/L sodium benzoate + 25 mg/L royal jelly
Group VI 100 mg/L sodium benzoate + 50 mg/L royal jelly
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relative injury rates were calculated by using Eqgs. 1 (Atik et al.
2007) and 2 (Praveen and Gupta 2018).

. Rooted bulbs
Rooting percentage (%) = Total number of bulbs (1)

Relative injury rate

_ %Rooting percentage in control-%Rooting percentage in each group
B %Rooting percentage in control

(2)

Determination of chromosomal abnormalities,
micronucleus, and mitotic index

One to 2 cm of samples from the root tips was fixed for 2 h in
Clarke solution (ethanol, glacial acetic acid, 3:1) and held for
15 min in 96% ethanol. For analysis procedures, samples were
processed in 70% ethanol at 4 °C. For micronucleus and mi-
totic index (MI) analysis, the roots were handled with 1N HCI
for 17 min at the temperature of 60 °C, incubated with 45%
acetic acid for 30 minutes, and stained for 24 h in
acetocarmine. Preparations of mitotic cells were analyzed
and counted under a research microscope at x500 magnifica-
tion (Staykova et al. 2005). The protocol of the Fenech et al.
(2003) evaluation for the involvement of MN has been carried
out.

The preparations were examined under a binocular re-
search microscope to determine the MI, and the MI percentage
was determined using Eq. 3.

o Number of mitotic cell
Mitotic Tndex (%) — umber of mitotic cells

Total number of cells (3)

For each group, 10 slides were prepared from the root tips
taken from randomly selected bulbs, and 1000 cells for MN
frequency and 10000 cells for MI were counted in each slide.

Comet assay

Comet assay (alkaline single-cell gel electrophoresis) was per-
formed according to the protocol of Chakraborty et al. (2009)
with slight modifications. Roots taken randomly from each
group were quickly crushed with a raster tool in 400 uL of
Tris buffer (cold, 0.4 M, pH 7.5) and a mixture of 1:1 1% low
melting point agarose (LMPA) and nuclear suspension in
phosphate-buffered saline (PBS) on pre-coated sheets. The
coverslip was covered at 40 °C with 1% normal melting point
agarose (NMPA). After completing the gelling step of the
LMPA, the coverslip was slowly removed and slides were
moved to a horizontal gel electrophoresis tank containing
fresh and chilled electrophoresis buffer. Electrophoresis was
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performed at 0.7 V/ecm at 4 °C (20 V, 300 mA) for 15 min
using a power supply. Slides were rinsed three times with
filtered water and neutralized with Tris buffer (0.4 M Tris,
pH 7.5). The nuclei were stained for 5 min with ethidium
bromide after immersion in cold water for 5 min. The prepa-
rations were washed with cold water and eliminated residual
stain and coverslip sealed. These steps were taken with low
light to avoid DNA degradation and examined with a fluores-
cence microscope. Comets were analyzed with Comet Assay
Software version 1.2.3b (Konca et al. 2003). For comet assay,
10 slides were prepared from the root tips taken from

Sodium benzoate group damage (%)—Sodium benzoate with RJ group damage (%)

randomly selected bulbs in each group and 500 cells per slide
were analyzed, which were used for the percentage of tail
DNA, tail moment, and olive tail moment.

Evaluation of antimutagenic effects

The antimutagenic influence of RJ was calculated by Eq. 4
(Acar 2021). In order to assess the antimutagenic effect, chro-
mosomal abnormalities (CAs) and the percentage of tail DNA
were used.

Mutagenicity inhibition (%) =

Sodium benzoate group damage (%)—Control group damage (%)

x 100 (4)

Lipid peroxidation

Lipid peroxidation was evaluated by measuring the amount of
MDA according to the protocol of Unyayar et al. (2006).
Approximately 0.5 g of root tissue was split into small sec-
tions and homogenized with 5% trichloroacetic acid (TCA),
and the homogenates were centrifuged at 12,000 rpm at 24 °C
for 15 min. The supernatant, TCA solution (20%), and thio-
barbituric acid (0.5%) have been transferred to the new tube
and incubated at 96 °C for 25 min. The tubes were taken into
the ice bath and centrifuged at 10,000 rpm for 5 min. The
absorbance was estimated at 532 nm, the extinction coeffi-
cient which was 155 mM/cm has been used to determine the
quantity of MDA content, and levels were taken from mea-
surements of three independent samples and given as the
mean amount of MDA =+ standard error (SE).

Antioxidant enzyme assays
Superoxide dismutase

The SOD level was calculated according to the protocol of
Beauchamp and Fridovich (1971). 0.5 g of root material was
homogenized in 5 mL of 50 mM (pH 7.8) chilled sodium
phosphate buffer. The homogenates were centrifuged at
10,500 rpm for 20 min, and the supernatant was used for the
analysis of enzymes. The reaction mixture containing 0.3 mL
130 mM methionine, 1.5 mL 0.05 M sodium phosphate buffer
(pH 7.8), 0.3 mL 0.1 mM EDTA-Na,, 0.3 mL 750 uM
nitroblue tetrazolium chloride (NBT), 0.3 mL of 20 uM ribo-
flavin, 0.01 mL of 4% (w/v) insoluble polyvinylpyrrolidone,
0.01 mL of enzyme extract, and 0.28 mL of deionized water
was prepared. The reaction began with putting the tubes under
two 15-W fluorescent lamps for 10 min and ending by keep-
ing the tubes in the dark for 10 min. Absorbance was

measured at 560 nm, and a unit SOD enzyme activity was
determined as the amount of SOD enzyme required for 50%
inhibition of NBT reduction under application conditions.
SOD levels were taken from the measurements of three inde-
pendent samples and expressed as mean units per milligram
fresh weight (FW) = standard error (SE) (U/mg FW).

Catalase

Catalase (CAT) activity was determined by the protocol of
Beers and Sizer (1952). CAT activity was determined by a
UV-VIS spectrophotometer in a reaction mixture of 2.8 mL
of 0.3 mL 0.1 M H,0,, 1 mL deionized water, and 200 mM
sodium phosphate (1.5 mL) formulated just before use to eval-
uate the reaction combination. The reaction was triggered by
adding 0.2 mL of supernatant, and CAT activity was mea-
sured by monitoring the absorbance decrease (240 nm) as a
result of H>,O, consumption. Units of CAT activity were de-
termined by units per minute per gram fresh weight; one unit
of CAT activity was defined for a change of 0.1 at an absor-
bance of 240 nm, and values are taken from the measurements
of three independent samples and expressed as mean + stan-
dard error (SE) ODy4¢n/minute-gram FW.

Glutathione reductase

Glutathione reductase (GR) levels were determined by mak-
ing slight modifications in the protocol defined by Carlberg
and Mannervik (1975). Shortly, the root tips (0.5 g) in 0.2 M
EDTA (pH 4.7) were homogenized. The GR level was mea-
sured in a 2-mL reaction mixture containing 1 M oxidized
glutathione (GSSG), 0.1 mM nicotinamide adenine dinucleo-
tide phosphate NADPH), 0.05 M potassium phosphate buffer
(pH 7.0), and 3 mM EDTA. The supernatant absorbances
were recorded at 340 nm and values are taken from the mea-
surements of three independent samples. The levels of GR
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were expressed as mean micromole NADPH/minute-gram
FW = standard error (SE).

Molecular docking

Molecular docking was performed to analyze the interactions
of the antioxidant enzymes catalase, superoxide dismutase,
and glutathione reductase with sodium benzoate. The crystal-
lographic 3D structure of the SOD (PDB ID: 1ba9) (Banci
et al. 1998), CAT (PDB ID: 5gkn) (Yonekura and Maki-
Yonekura 2016), and GR (PDB ID: 2hqm) (Yu and Zhou
2007) was obtained from the protein data bank. The 3D struc-
ture of sodium benzoate (PubChem CID: 517055) was re-
trieved from the PubChem. Proteins were prepared using
Biovia Discovery Studio 2020 Client for docking. For the
docking process, in crystallographic structures, model 1 was
used for SOD and chain A was used in CAT and GR structure
because there is more than one of the same chain structure. In
the preparation process, the active site was determined; after
removing the water molecules and co-crystal ligands, polar
hydrogen was added. Energy minimization was done with

Sodium benzoate with RJ group parameter—Sodium benzoate group parameter

Gromos 43B1 using Swiss-PdbViewer (Guex and Peitsch
2005) (v.4.1.0) software for proteins; ligand energy minimi-
zation was done with the uff-force field using Open Babel
v.2.4.0 software (O'Boyle et al. 2011). The molecular docking
process was carried out with the grid box to contain the active
areas. Molecular docking was done with AutoDock Vina soft-
ware (Trott and Olson 2010). The docking analyses and 3D
visualizations were performed with Biovia Discovery Studio
2020 Client.

Dose-response relationship of royal jelly

The evaluation of the dose-response relationship of RJ against
sodium benzoate toxicity was performed by calculating the
percentage healing effect of RJ against the changes caused
by sodium benzoate toxicity in all parameters. The healing
percentage caused by RJ in the calculation was calculated by
proportioning with the sodium benzoate application group and
control group data. For this, Eq. 5 was used and evaluated
with the logarithmic values of the doses.

Recovery effect of RJ (%) =

Sodium benzoate group parameter—Control group parameter

x 100 (5)

Statistical analysis

SPSS Statistics v23.0 (IBM Corp. USA) package program
was used to perform statistical analyses. Data were expressed
as mean + SD (standard deviation) in the tables and mean +
SEM (standard error of means) in the graphs. The statistical
significance between the means was determined by the meth-
od of one-way ANOVA and Duncan’s test, and the P < 0.05
was deemed statistically significant.

Results
Physiological parameters

The physiological effects of sodium benzoate application on
A. cepa L. test material and the protective role of RJ against
these effects are given in Table 2. The highest rooting percent-
age, root length increase, and weight gain were observed in
group I, which was the control group, and in group II and
group III, where RJ doses were applied at 25 mg/L and 50
mg/L, respectively. It was determined that the changes in
physiological parameters in these three groups were not sta-
tistically significant (P > 0.05). Application of 100 mg/L dose
of sodium benzoate alone (group IV) caused dramatic
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decreases in rooting percentage, root length, and weight.
Sodium benzoate application caused a reduction in root length
of A. cepa L test material. After 72 h of treatment, the mean
root length was 14.73 cm in the control group, and 5.13 cm in
group IV. In other words, administration of sodium benzoate
alone at a dose of 100 mg/L reduced root length 65.17%
compared to the control, and this decrease was statistically
significant (P < 0.05). Application of sodium benzoate alone
caused significant decreases in rooting percentage and weight
gain parameters. In the control group (group I), rooting per-
centage was determined as 96% and the average weight gain
was 9.11 g. In group IV, the rooting percentage was deter-
mined as 42% and weight gain was determined as 2.21 g.
These changes were statistically significant (P < 0.05). All
these parameters showed that sodium benzoate administration
inhibits the increase in physiological parameters by showing a
toxic effect on A. cepa L. test material. In addition to the
application of sodium benzoate at a dose of 100 mg/L, in
group V and group VI, in which 25 mg/L and 50 mg/L doses
of RJ were applied respectively, an increase occurred again in
physiological parameters depending on the dose of RJ ap-
plied. Compared to group IV, 25 mg/L RJ dose application
in combination with sodium benzoate in group V increased
the rooting percentage by 56%, the mean root length by
59.26%, and the weight gain by 102.27%. In group VI, 50
mg/L royal jelly application in combination with sodium
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Table 2  Effect of sodium benzoate and RJ on physiological parameters

Groups Rooting percentage (%) Mean root length Relative injury rate Initial weight Final weight Weight gain (g)
Group [ 98 14.73 £2.71°¢ - 10.24 £1.12° 19.35+1.93* 9.11

Group II 100 15.31 +2.98° - 9.81 +1.21° 19.06 +2.62* 9.25

Group IIT 100 15.97 £3.02°% - 9.98 +1.16° 20.12 +2.80% 10.15

Group IV 42 5.13+2.07° 0.56 9.91 + 1.50° 12.12 + 1.89¢ 221

Group V 56 8.17 +2.29° 0.42 9.69 + 1.45° 14.14 + 1.86° 445

Group VI 70 10.82 =+ 3.14¢ 0.28 9.74 +1.19° 16.10 + 1.89° 6.36

Group I: tap water (control), group II: 25 mg/L RJ, group III: 50 mg/L RJ, group IV: 100 mg/L sodium benzoate, group V: 100 mg/L sodium benzoate +
25 mg/L RJ, group VI: 100 mg/L sodium benzoate + 50 mg/L RJ. Data are shown as mean + standard deviation (SD). The averages shown with different

letters in the same column are statistically significant (P < 0.05)

benzoate increased the rooting percentage by 70%, the aver-
age root length by 110.92%, and the weight gain by 189.09%
compared to group I'V. Application of RJ inhibited the toxicity
of sodium benzoate in physiological parameters depending on
the application dose and showed an improvement in all these
parameters. It was determined that the increases caused by RJ
in the physiological parameter values depending on the appli-
cation dose were statistically significant (P < 0.05). However,
none of the findings were able to reach the values in groups I-
III. RJ application caused a dose-related decrease in the rela-
tive injury rate, which is the damage determination parameter.
Although the relative injury rate was 0.56 in group 1V, this
value decreased by 25% in group V to 0.46 and decreased by
50% in group VI to 0.28. This reduction occurred due to the
applied RJ dose.

Chromosomal abnormalities, micronucleus, and
mitotic index

The cytogenetic effects of sodium benzoate administration
and the protective role of RJ were investigated by the percent-
age of MI, MN formation, and CA frequency. The effects of
sodium benzoate on MN formation (Fig. 1a) and MI and the
protective role of RJ against these effects are given in Table 3.
Only a few MN formation was observed in the control group
(group I), and there was no MN formation detected in group II
and group III, which were administered 25 mg/L and 50 mg/L
doses of RJ, respectively. There was no statistically significant
difference between these three groups in MN formation (P >
0.05). In group IV, where 100 mg/L dose of sodium benzoate
was applied alone, and MN formation was detected at the
frequency of 41.60, the highest value among the groups. In
group V and group VI, where 25 mg/L and 50 mg/L doses of
RJ were applied in combination with sodium benzoate, re-
spectively, the rate of MN formation decreased 17.79% to
an average of 34.20 and decreased 43.27% to an average of
23.60, compared to group IV, respectively.

The effect of sodium benzoate and RJ applications on cell
division was evaluated by determining the mitotic index rates.

The MI frequency was determined as 952.40 in the control
group (group 1), 959.60 in group II (25 mg/L RJ + 100 mg/L
sodium benzoate), and 967.70 in group III (50 mg/L RJ + 100
mg/L sodium benzoate). It was determined that the differences
in MI frequency calculated between these three groups were
not statistically significant (P > 0.05). There was a dramatic
decrease in MI frequency in group IV, where sodium benzoate
was applied alone, and the lowest MI frequency was observed
in this group. In group IV and group VI, where 25 mg/L and
50 mg/L RJ were administered in combination with sodium
benzoate (100 mg/L), the MI frequency was 620.90 and
706.80, respectively. Sodium benzoate application showed
toxic effect by inhibiting cell division; RJ application showed
therapeutic effect by inhibiting this toxicity depending on the
dose.

Chromosomal abnormalities caused by sodium benzoate
application in A. cepa L. root tip cells are given in Table 4
and Fig. 1. There were no chromosomal abnormalities in
group I, except for a few fragment formation, and no chromo-
somal abnormality was found in groups II and III treated with
RJ. The highest frequency of chromosomal abnormalities was
detected as a rate of 200.10 = 19.86 in group IV, which is the
100 mg/L dose of sodium benzoate—alone administration
group, and the chromosomal abnormalities occurring are frag-
ment, sticky chromosome, unequal distribution of chromatin,
bridge, binucleated cell, and vagrant chromosome in order of
frequency. In group V and group VI, where 25 mg/L and 50
mg/L doses of RJ were applied in combination with sodium
benzoate, respectively, a decrease occurred in the frequencies
of all these chromosomal abnormalities and the total frequen-
cy of chromosomal abnormalities was found to be 134.70 +
18.26 and 93.20 + 12.56, respectively. These decreases in
chromosomal abnormalities show that RJ has a dose-
dependent antimutagenic effect and reduces sodium
benzoate—induced mutagenicity. The antimutagenic effect
was also determined by the percentage of mutagenicity inhi-
bition. According to the calculations made according to the
total of chromosomal abnormalities in group IV, mutagenicity
inhibition was determined as 32.77% in group V, where 25
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Fig. 1 Chromosomal abnormalities and MN formations caused by sodium benzoate. a MN. b Fragment. ¢ Sticky chromosome. d Unequal distribution

of chromatin. e Bridge. f Binucleated cell. g Vagrant chromosome

mg/L dose of RJ was applied, and 53.56% in group VI, where
50 mg/L dose of RJ was applied. These findings show that RJ

Table 3  Effects of sodium benzoate and RJ application on MN
formation and mitotic index (MI)

Groups MN formation Mitotic index (MI) Mitotic index rate (%)
GroupI  040+0.70  95240+2335% 952
GroupIl  0.00+0.00°  959.60 +26.09°  9.60
Group Il 0.00+0.00¢  967.70 £ 18.04*  9.68
Group IV 41.60 £9.56* 539.50 +32.88° 540
Group V. 3420+820° 620.90+39.33° 621

Group VI 23.60 £4.93° 706.80 +37.48°  7.07

Group I: tap water (control), group II: 25 mg/L RJ, group III: 50 mg/L RJ,
group IV: 100 mg/L sodium benzoate, group V: 100 mg/L sodium ben-
zoate + 25 mg/L RJ, group VI: 100 mg/L sodium benzoate + 50 mg/L RJ.
Data are shown as mean + standard deviation (SD). The averages shown
with different letters in the same column are statistically significant (P <
0.05)
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shows an antimutagenic effect depending on the dose and
leads to improvement in all these cytogenetic parameters.

Comet assay

DNA damage caused by sodium benzoate in the cell nuclei of
A. cepa L. and the protective role of RJ were evaluated using
single-cell gel electrophoresis with the percentage of tail
DNA, tail moment, and olive tail moment. The effects of
sodium benzoate and RJ applications on DNA in A. cepa L.
root tip cells are given in Fig. 2 and Table 5. There was no
statistically significant difference (P > 0.05) in tail DNA per-
centage, tail moment, and olive tail moment formation be-
tween the control group (group I) and RJ-alone application
groups (groups II and III). In group IV, where sodium benzo-
ate (100 mg/L) was applied alone, the tail DNA percentage
was 49.43, tail moment 45.35, and olive tail moment 29.26,
and these values indicate that the most DNA damage occurred
in this group. In group V (25 mg/L RJ) and group VI (50 mg/L
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Table 4  Frequencies of chromosomal abnormalities caused by sodium benzoate and the genoprotective role of RJ

Group [ Group II Group II Group IV Group V Group VI
FRG 0.50 = 0.85¢ 0.00 = 0.00¢ 0.00 £ 0.00¢ 67.90 + 12.99* 41.90+10.17° 33.10 £ 7.50°
SC 0.00 = 0.00¢ 0.00 = 0.00¢ 0.00 £ 0.00¢ 40.30 + 13.28° 28.20+7.16° 19.90 + 9.31°
UDC 0.00 = 0.00¢ 0.00 = 0.00¢ 0.00 £ 0.00¢ 32.90 +9.39° 22.40 £ 6.90° 14.60 + 4.27°
B 0.00 = 0.00¢ 0.00 + 0.00¢ 0.00 + 0.00¢ 23.60 + 9.94° 16.30 + 6.88° 11.20 + 5.43°
BC 0.00 = 0.00¢ 0.00 = 0.00¢ 0.00 = 0.00¢ 19.60 + 7.49° 14.30 + 4.99° 8.10 + 4.46°
vC 0.00 = 0.00¢ 0.00 = 0.00¢ 0.00 + 0.00¢ 15.80 + 6.16 11.60 + 3.84° 6.30 +2.63°
Total CAs 0.50 = 0.85¢ 0.00 + 0.00¢ 0.00 £ 0.00¢ 200.10 + 19.86° 134.70 + 18.26° 93.20 + 12.56°
CAs (%) 0.05 0 0 20.01 13.47 932
Mutagenicity inhibition (%) - - - - 32.77 53.56

Group [: tap water (control), group II: 25 mg/L RJ, group III: 50 mg/L RJ, group IV: 100 mg/L sodium benzoate, group V: 100 mg/L sodium benzoate +
25 mg/L RJ, group VI: 100 mg/L sodium benzoate + 50 mg/L RJ. Data are shown as mean + standard deviation (SD). The averages shown with different
letters in the same line are statistically significant (P < 0.05). FRG fragment, SC sticky chromosome, UDC unequal distribution of chromatin, B bridge,

BC binucleated cell, VC vagrant chromosome

RIJ), where different doses of RJ were administered in combi-
nation with sodium benzoate, the percentage of tail DNA was
30.29 and 22.18, tail moment was 20.45 and 11.03, and the
olive tail moment was 14.50 and 9.36, respectively.
Depending on the application dose, RJ decreased sodium
benzoate—induced DNA damage and induced a decrease in
the percentage of tail DNA, tail moment, and olive tail mo-
ment. The antimutagenic effect was assessed by the reduction
in the percentage of tail DNA, and the antimutagenic effect of
RJ applications against sodium benzoate genotoxicity was
determined as 41.22% for 25 mg/L (group V) and 57.33%
for 50 mg/L (group VI). The cause of DNA damage may be
due to oxidative stress caused by sodium benzoate, and the
reduction in damage may be due to the interaction of RJ ap-
plication with DNA repair processes.

Lipid peroxidation and antioxidant enzymes

The effects of sodium benzoate and RJ on lipid peroxida-
tion were determined by the determination of the MDA

Fig. 2 Comet assay in A. cepa L.
root tip cell nuclei. a Control. b 25
mg/L RJ. ¢ 50 mg/L RJ. d 100
mg/L sodium benzoate. e 100 mg/
L sodium benzoate + 25 mg/L RJ.
f 100 mg/L sodium benzoate + 50
mg/L RJ

level, and the effects on oxidative stress by the activities
of the GR, SOD, and CAT antioxidant enzymes. The ef-
fects of sodium benzoate and RJ applications on MDA
levels are given in Fig. 3a. Average levels of MDA were
6.75 pmol/g FW in group I, 6.82 umol/g FW in group II,
and 6.84 umol/g FW in group III. It was determined that
there was no statistically significant difference between the
measured MDA values in these groups (P > 0.05). In group
IV, where sodium benzoate was applied alone at a dose of
100 mg/L, the MDA level increased by approximately
343.26% to 29.92 pumol/g FW compared to the control
group (group I). This was the highest level of MDA ob-
served among the groups. In group V and group VI, where
25 mg/L and 50 mg/L doses of RJ were administered in
combination with sodium benzoate, respectively, MDA
levels were determined as 21.58 umol/g FW and 17.41
umol/g FW, respectively, and decreasing by 27.87% and
41.81% compared to group IV. In other words, sodium
benzoate application caused a sharp increase in MDA lev-
el, and royal jelly applied in combination with sodium
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Table 5 Detection of the effects of sodium benzoate and RJ application on DNA by comet test

Groups Head DNA (%) Tail DNA (%) Tail moment Olive tail moment Mutagenicity inhibition (%)
Group I 96.12 +1.95° 3.88 + 1.44¢ 0.81 £0.28¢ 1.62 +0.20¢ -

Group I 97.75 +£2.03° 2.25+2.03¢ 0.64+021¢ 1.55 +0.45¢ -

Group III 98.04 +2.39° 1.96 +2.39¢ 0.59 +0.16¢ 0.94 +0.50¢ -

Group IV 50.57 +9.03¢ 49.43 +9.03° 4535 + 8.06° 29.26 + 6.45° -

Group V 69.71 + 5.85° 30.29 + 5.85° 20.45 +7.25° 14.50 + 6.02° 42.02

Group VI 77.82 + 6.39° 22.18 + 6.39° 11.03 +£3.25° 9.36 +3.05° 59.82

Group [: tap water (control), group II: 25 mg/L RJ, group III: 50 mg/L RJ, group IV: 100 mg/L sodium benzoate, group V: 100 mg/L sodium benzoate +
25 mg/L RJ, group VI: 100 mg/L sodium benzoate + 50 mg/L RJ. Data are shown as mean =+ standard deviation (SD). The averages shown with different

letters in the same column are statistically significant (P < 0.05)

benzoate inhibited this increase and caused improvement
depending on the application dose.

The effects of sodium benzoate and RJ on GR levels are
given in Fig. 3b. The average GR level in group I (control)
was 6.82 pmol NADPH/min-g FW, and in group II and group
I where RJ was applied alone (25 and 50 mg/L), it was found
to be 6.96 pmol NADPH/min-g FW and 6.78 pumol NADPH/
min-g FW, respectively. It was determined that the difference
between these groups was not statistically significant (P >
0.05). In group IV, where sodium benzoate was applied alone,
the GR level increased dramatically and was found to be
11.56 umol NADPH/min'g FW. In other words, sodium
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benzoate application caused a sharp increase in the GR level.
In group V and group VI, administration of 25 mg/L and 50
mg/L doses of RJ combination with sodium benzoate caused a
dose-dependent decrease in GR level, and GR levels were
found to be 9.25 umol NADPH/min-g FW and 8.44 pumol
NADPH/min-g FW, respectively. Therefore, RJ application
had a reverse effect on the increase in GR level caused by
sodium benzoate, and this effect occurred depending on the
dose. It was determined that the differences in GR level oc-
curring between these groups were statistically significant
both among themselves and according to the first three groups
(P <0.05).

©
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Fig.3 Effects of sodium benzoate and RJ applications on lipid peroxidation and antioxidant enzyme levels. a MDA levels. b GR levels. ¢ SOD levels. d
CAT levels. Data were shown as mean + SE. The averages shown with different letters in each graph are statistically significant (P < 0.05)
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The effects of sodium benzoate and RJ applications on
SOD and CAT levels are given in Fig. 3c and 3d. SOD levels
in group I, group II, and group I1I were determined as 43.78 U/
mg FW, 42.85 U/mg FW, and 41.90 U/mg FW, respectively;
CAT levels were determined as 1.02 OD54¢,/min'g FW, 0.99
ODs40nm/min-g FW, and 0.97 OD,4on,/min-g FW. It was de-
termined that the difference between SOD and CAT levels
determined in group I (control), group II, and group III (royal
jelly—alone application groups) was not statistically significant
(P > 0.05). SOD and CAT levels increased significantly in
group IV, the sodium benzoate—alone application group, and
were determined to be 109.65 U/mg FW and 4.06 OD»40,0/
min-g FW, respectively. In group V and group VI, SOD levels
were determined as 87.47 U/mg FW and 76.65 U/mg FW, and
CAT levels as 3.16 ODyygpm/min'g FW and 2.74 ODy40nm/
min-g FW, respectively. RJ applied in combination with sodi-
um benzoate inhibited the increase in SOD and CAT levels
caused by sodium benzoate and showed a dose-dependent
improvement. It was determined that the differences in SOD
and CAT levels between these groups were statistically sig-
nificant both among themselves and compared to the first
three groups, which were the control and only royal jelly ap-
plication groups (P < 0.05).

Molecular interactions

The interactions between sodium benzoate and antioxidant
enzymes were demonstrated by molecular docking analysis.
The lowest values of the binding affinities and the lowest root
mean square deviation (RMSD) scores were preferred as the
best docking pose. The hydrogen bonding and hydrophobic
interactions between the ligand and proteins with their binding
affinities are given in Table 6 and Fig. 4. It has been under-
stood that many interactions with hydrogen bonds and hydro-
phobic interactions occur between sodium benzoate and anti-
oxidant enzymes. In all molecular docking results, docking
complexes with the lowest RMSD values and the best binding
affinity results were evaluated. The negative value (the lowest
value) in the binding energy of each complex indicates higher
free binding energy and hence the stronger interaction

probability (Purich 2010). In the sodium benzoate-SOD struc-
tural complex, it has been observed that the ASP96 and
THR88 residues of SOD develop hydrogen bonds with sodi-
um benzoate and hydrophobic interactions occurred with
SER469, GLU471, LEU492, and TYR505 residues (Fig.
4a). In the sodium benzoate—CAT complex, the ASN148 res-
idue of catalase was involved in the hydrogen bond interac-
tions of the sodium benzoate (Fig. 4b), and the best binding
affinity for this interaction was —6.0 kcal/mol. Also, in this
complex, PHE197 and ARG202 participated in hydrophobic
interactions. The best binding affinity for this interaction was
—4.0 kcal/mol. Sodium benzoate showed hydrogen bond in-
teractions of GR with ALAS4 and GLY 137 residues and hy-
drophobic interactions with TRP138, HIS298, and ALA54
residues (Fig. 4c). Sodium benzoate showed the highest bind-
ing affinity with GR among antioxidant enzymes and was
determined to be —6.2 kcal/mol. Overall, molecular docking
associations and binding energy have demonstrated that anti-
oxidant enzymes may be susceptible to the presence of sodi-
um benzoate. Molecular docking results showed that sodium
benzoate can interact with antioxidant enzyme residues, af-
fecting enzyme activities and functions.

Dose-dependent curative effects of RJ

The curative effects of RJ on physiological, genetic, and bio-
chemical parameters against sodium benzoate—induced toxicity
are shown in Fig. 5. The dose-response recovery curves in the
graph show that RJ exhibits an enhancement effect in physiolog-
ical, genetic, and biochemical parameters depending on the ap-
plication dose. At the 50 mg/L dose of RJ where the best thera-
peutic effect was detected, it caused an improvement between
48.28 and 60.14% in physiological parameters, an improvement
between 41.09 and 53.56% in genetic parameters, an improve-
ment of 53.99% in lipid peroxidation, and an improvement in
antioxidant enzyme levels between 43.42 and 50.10%. The
graph showed that the therapeutic effects occurring with the ad-
ministration of RJ are dose-dependent and in close range, which
is another indication that the genetic and biochemical parameters
in the study are directly or indirectly related.

Table 6 Binding affinities of sodium benzoate to antioxidant enzymes and interactions with amino acid residues

Antioxidant enzyme RMSD lower bound RMSD upper bound Binding affinity (kcal/mol) Hydrogen bond interactions Hydrophobic interactions

SOD 0 0 —4
CAT 0 0 —6
GR 0 0 —6.2

ASP96 VALS7
THR88 VAL97
ILE99
ASN148 PHE197
ARG202
GLY137 TRP138
ALA154 HIS298
ALA54
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Fig. 4 Molecular interactions of
sodium benzoate with antioxidant
enzymes. a Sodium benzoate—

SOD complex. b Sodium
benzoate—CAT complex. ¢
Sodium benzoate—GR complex
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Discussion
In this study, the physiological, genetic, and biochemical ef-

fects of sodium benzoate and the protective role of RJ against
these effects have been investigated. Also, the interactions of
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sodium benzoate with antioxidant enzyme residues were in-
vestigated by molecular docking analysis. Sodium benzoate
had an inhibitory effect on physiological parameters, and there
were statistically significant reductions in rooting percentage,
root length, and weight gain parameters compared to the
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Fig. 5 Dose-response recovery curves of RJ against sodium benzoate toxicity

control group (P < 0.05). RJ applied in combination with
sodium benzoate tolerated this decrease and caused an incre-
ment in physiological parameters depending on the dose of RJ
applied. Other studies investigating the effect of sodium ben-
zoate on physiological parameters support our findings. In a
study conducted by Onyemaobi et al. (2012), different doses
of sodium benzoate were applied to A. cepa L. bulbs and it
was stated that the application inhibits root length and plant
growth depending on the dose. In a study conducted by Rekha
and Dharman (2011), it was stated that sodium benzoate ap-
plication reduced germination in A. cepa L. In a study con-
ducted by Moschetto et al. (2019), it was reported that sodium
benzoate application inhibits plant growth and biomass in-
crease in rice, and increasing application doses cause cell
membrane structure disruption and photosynthetic pigment
disorders. In a study conducted by Cavusoglu et al. (2017),
it was reported that the germination percentage, weight gain,
and radicle length decreased due to salinity in A. cepa L.,
showed improvement, and increased again with RJ
application.

Genetic effects of benzoic acid and RJ were investigated
with MI frequency, MN formation, CA frequency, and tail
DNA formation. One of the two major endpoints of
genotoxicity is the chromosomal abnormality test. The results
of this test, which can be performed with many cells, have
been successfully confirmed (Makoto 2007). The comet test
is another important test that can detect genotoxic damage at
the single-cell level. DNA chain breaks occur rapidly after
genotoxic exposure, and the comet assay is sensitive in
assessing this damage (Masood et al. 2012). The genetic effect
of sodium benzoate application was realized as the decrease in
MI rate, the formation of CAs and MN, increase in DNA tail
percentage, and RJ application showed protective effects in all
these parameters depending on the dose. Fragment and sticky
chromosomes, which are the two most common and intensive
chromosomal damage in research groups, can also illuminate
the cause of other chromosomal damage occurrences.

Fragments can also cause secondary abnormalities by causing
MN formation or inversion in the cells. Chromosome sticki-
ness is associated with the toxic effects exhibited by chemicals
and reflects the toxic effects of the generally irreversible type,
most likely leading to cell death (Tiirkoglu 2007; Fenech et al.
2016). The formation of the sticky chromosome is associated
with the toxic effects of chemicals and can lead to cell death
(Liu et al. 1992). The resulting sticky chromosome formation
explains the reduction in MI. Sodium benzoate administration
may have caused cell death and impairment in the mitotic
cycle, leading to a decrease in mitotic activity. Chromosome
breaks that occur in the form of fragments indicate the
clastogenic potential of the chemical substance exposed
(Saxena et al. 2005). MN formation occurring with sodium
benzoate application can also be explained by clastogenic po-
tential. Besides, the reason for the frequency of MN caused by
sodium benzoate is thought to be the most common chromo-
some abnormality in the study, the adhesive chromosome. RJ
application, on the other hand, showed a therapeutic effect
depending on the dose, causing an increase in MI and a de-
crease in the percentage of MN, CAs, and DNA tail. RJ ap-
plication reactivated the cell division cycle disrupted by sodi-
um benzoate and caused an increase in cell division depending
on the dose of administration. In the literature, there are stud-
ies conducted on the genetic effects of sodium benzoate and
other food additives and support our findings. In the study
conducted by Ali et al. (2020), the genotoxicity of sunset
yellow and sodium benzoate food additives was investigated
in cells, and as a result, it was reported that they cause chro-
mosomal abnormalities in the form of chromatid breakage,
fragmentation, ring chromosome and central fusion of chro-
mosomes, and an increase in the frequency of nucleus tail
formation and its frequency. In another study conducted by
Aledwany et al. (2018), the genotoxicity of sodium benzoate
and potassium nitrate, which are preservative food additives,
was investigated with the Drosophila test model, and as a
result, it was stated that both chemicals increased the
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percentage of tail DNA and these chemicals were genotoxic.
In a study conducted by Sahin et al. (2015), the mutagenicity
of sodium benzoate was investigated on Drosophila and it was
reported that sodium benzoate caused an increase in the DNA
tail and tail moment depending on the application dose. Other
studies have also reported that sodium benzoate causes MN
formation and reduces M1, and this effect occurs depending on
the application dose (Zengin et al. 2011; Pongsavee 2015;
Kumar and Pandey 2015; Saatci et al. 2016; Lestari et al.
2017). Studies have also stated that RJ has a suppressing effect
on genotoxicity. It has been reported that RJ reduces chromo-
somal abnormalities induced by valproic acid (Galaly et al.
2014); shows a dose-dependent preventive effect against chro-
mosomal abnormalities, MN formation, and oxidative stress
induced by cadmium (Cavugoglu et al. 2009); and reduces
genotoxicity induced by doxorubicin (Jenkhetkan et al. 2018).

Lipid peroxidation and antioxidant enzyme activities in-
creased due to sodium benzoate application in root tip tissues
of A. cepa L. bulbs. This was determined by the increase in
MDA, GR, SOD, and CAT levels. RJ application in combi-
nation with sodium benzoate caused significant decreases in
MDA level and antioxidant enzyme levels depending on the
application dose. That is, it showed dose-dependent therapeu-
tic effects in both lipid peroxidation and antioxidant enzyme
activity levels. In addition, hydrogen bonds and hydrophobic
interactions between sodium benzoate and residues of GR,
SOD, and CAT antioxidant enzymes were determined by mo-
lecular docking analysis. This has shown that sodium benzo-
ate can affect the enzyme activities and functions by
interacting with antioxidant enzyme residues, and explains
the dramatic increases in GR, SOD, and CAT levels. Lipid
peroxidation products such as MDA show their effects by
changing basic molecules such as proteins and DNA bases
(Madkour 2020), and it is known that free radicals can cause
DNA damage in chromosomes (Aitken and Koppers 2011).
There are defense mechanisms to protect cells against the
harmful effects of free oxygen radicals. SOD, CAT, and GR
are some of the enzymes of the antioxidant defense mecha-
nism. Changes in these enzyme levels are markers of oxida-
tive stress (Channarayappa and Biradar 2018). Sodium ben-
zoate application caused lipid peroxidation and an increase in
antioxidant enzyme levels. RJ applied in combination with
sodium benzoate caused a dose-dependent improvement in
all these parameters and reduced oxidative stress. Other stud-
ies have also reported that sodium benzoate administration
caused oxidative stress. Sodium benzoate administration re-
sulted in decreased glutathione level in the mouse brain tissue
and increased MDA levels (Khoshnoud et al. 2018), caused
oxidative stress in zebrafish (Gaur et al. 2018), and increased
MDA level, and decreased SOD and CAT activities in human
erythrocytes (Yetuk et al. 2014) have been stated.

In this study, in which the effects of RJ on all physiological,
genetic, and biochemical parameters were evaluated
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separately, it was seen that RJ exerted dose-dependent thera-
peutic effects on all parameters. It has been suggested that RJ
shows protective effects by regulating the antioxidant system
and reducing reactive oxygen species and that RJ is an activa-
tor of antioxidant enzymes (Cihan et al. 2013). Dose-
dependent improvements in all parameters indicate that RJ is
a potent and safe antioxidant affects oxidative stress—related
toxicities (Najafi et al. 2014). Other studies have also con-
firmed that RJ exhibits antioxidant activity (Park et al. 2019;
Gu et al. 2018). Different researches have also reported that RJ
exerts a protective effect against toxicity induced by various
chemical agents. It has been stated that RJ shows protective
effects against physiological inhibition decrease, MI rate and
chromosomal abnormalities in salinity stress (Cavusoglu et al.
2017), against oxidative stress induced by ofloxacin in rats
(Manas and Najafi 2017), lipid peroxidation, and DNA dam-
age induced by oxymetholone (Zahmatkesh et al. 2014).

It has been understood that the triggers of all these toxic
effects caused by sodium benzoate are oxidative stress, the
resulting oxidative stress does not disappear due to interac-
tions of sodium benzoate with antioxidant enzyme residues,
and this causes genetic damage. The decrease in MI can be
explained by the fact that the cell cannot continue to divide
and can exit the mitotic cycle due to genetic damage. The
decrease in MI shows itself macroscopically with the decrease
in rooting percentage root length and weight gain parameters.
RJ application, on the other hand, reduces oxidative stress by
acting as an antioxidant and accordingly shows dose-
dependent healing effects on all parameters.

Conclusion

The goal of this research is to assess sodium benzoate toxicity
and the possible therapeutic effects of royal jelly together for
the first time. Sodium benzoate application had negative ef-
fects on all parameters, and the application of RJ triggered a
partial inhibition of toxicity by showing dose-related thera-
peutic effects. Data from the study showed that sodium ben-
zoate administration caused inhibition of physiological
growth parameters, cytotoxic and genotoxic effects, and oxi-
dative stress in A. cepa L. test material. It has also been found
to interact with antioxidant enzymes. RJ administration
showed dose-dependent therapeutic effects resulting in a par-
tial improvement in all this toxicity.

The study showed that sodium benzoate impacts the divi-
sion and growth of cells and affects DNA by inducing oxida-
tive stress that negatively affects physiological development,
and interacts with antioxidant enzymes aimed at reducing ox-
idative damage. RJ application reduced oxidative stress and
DNA damage depending on the dose, and this showed itself
with an improvement in physiological parameters. As a result,
it has been revealed that oxidative stress, genetic damage, and
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its interaction with the enzymes, caused by sodium benzoate,
may cause toxic effects on those who use this food additive,
and it is necessary to clarify the metabolic and cellular pro-
cesses of sodium benzoate in humans. It was concluded that
abandoning the use of this food additive if possible would be
beneficial for the ecosystem and human health, and the use of
RJ in daily nutrition would be effective in reducing the impact
of'toxic components exposed. Besides, it was concluded that it
would be useful to determine the bioactive ingredients in RJ
content and to investigate their usability in the pharmaceutical
industry.
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