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Abstract: This study examined the effect of royal jelly on some hematological values against
sodium arsenite (NaAsO,)-induced toxicity in rats. Royal jelly is a known functional bee product;
therefore, its potential to protect against these effects is of great importance. In this study, the
effects of royal jelly on hematologic changes were investigated. In the study, 35 healthy Wistar
albino male rats weighing 250-300 g and 12—-13 weeks old were used. Rats were administered daily
by gavage for 14 days. WBC, LYM, MID, GRA, RBC, HGB, MCHC, MCH, MCV, HCT, PLT,
MPV, and PDW values were measured in blood samples. When the measured values were
analyzed, the MID, RBC, MCHC, MCH, MCV, and PDV values did not show statistical
significance in all experimental groups (P>0.005). However, significant decreases in %LYM,
%MID, HCT, and PLT values and increases in WBC, GRA, and %GRA counts were observed in
all groups (P < 0.005). This review shows that royal jelly has a potential effect on the
hematological and immune systems against toxicity caused by harmful heavy metals such as
arsenic. In particular, further research is required to identify the most effective dosage of royal
jelly. The results highlight the protective potential of royal jelly against toxicity, which requires
further investigation.

An Siitiiniin Sodyum Arsenit Toksisitesine Kars1 Bazi Hematolojik Parametreler Uzerindeki

Koruyucu Etkisi: Ratlarda Bir inceleme

Anahtar
Kelimeler

Ar siitii,
sodyum arsenit,
hematolojik
parametreler,
agir metal
toksititesi

Oz: Bu calisma, ratlarda sodyum arsenit (NaAsO) kaynakli toksisiteye karsi ar1 siitiiniin bazi
hematolojik degerlere olan etkisini incelemektedir. Ar siitii, bilinen fonksiyonel bir ar1 tiriiniidiir ve
bu nedenle, bu etkilere karsi koruma saglama potansiyeli biiyilk 6nem tagimaktadir. Caligmada,
hematolojik degisiklikler tizerinden ar1 siitiiniin etkileri arastirilmaktadir. Calismada, 250-300 gram
agirhigindaki 12-13 haftalik 35 saglikli Wistar albino erkek sigan kullanildi. Siganlara 14 giin
boyunca gavaj yolu ile giinliik olarak uygulama yapildi. Kan 6rneklerinde WBC, LYM, MID,
GRA, RBC, HGB, MCHC, MCH, MCV, HCT, PLT, MPV ve PDW degerleri 6l¢iildii. Olgiilen
degerler incelendiginde, MID, RBC, MCHC, MCH, MCYV ve PDV degerleri tiim deney gruplarinda
istatistiksel olarak anlamlilik goéstermedi (P>0.005). Ancak, %LYM, %MID, HCT ve PLT
degerlerinde tiim gruplarda onemli diisiisler, WBC, GRA ve % GRA sayilarinda ise artiglar
gozlendi (P < 0.005). Bu inceleme, ar1 siitiiniin arsenik gibi zararli agir metallerin neden oldugu
toksisiteye karsit hemotolojik sistem ve bagisiklik sistemi {izerinde potansiyel bir etkisi oldugunu
gostermektedir. Ozellikle, ar1 siitiiniin en etkili dozajinin belirlenmesi igin daha fazla arastirmaya
ihtiyag vardir. Sonuglar, ar1 siitiiniin toksisiteye karst koruyucu potansiyelini vurgulamakta olup, bu
potansiyelin daha fazla arastirilmasi gerekmektedir.
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1. INTRODUCTION

Royal jelly is an extremely valuable bee product that
provides numerous benefits in terms of nutrition and bee
diversity. Interestingly, although all bees have the same
genetic makeup, queen bees, and worker bees differ
significantly in their physiology and morphology - this
difference can be attributed to the exclusive consumption
of royal jelly by queen bees [1]. Royal jelly is known as
a nutrient considered extremely valuable for health and
is used as a cosmetic and dietary supplement, with the
belief that its effects on bees will have similar effects on
humans. Royal jelly is notable for its unique biochemical
composition, a special secretion produced by bees of the
Apis mellifera species. Its proteins, lipids, vitamins,
minerals, and bioactive peptides support the potential
health benefits of these components on the body. The
health benefits of royal jelly have been studied in various
aspects such as immune system modulation, antioxidant
effects, maintenance of skin health, and alleviation of
aging processes [2]. The pharmacological properties of
royal jelly have been characterized by a range of
biological activities observed in experimental animals.
These activities include growth-promoting, antiseptic,
antitumor, antibacterial, antioxidant, immunomodulatory,
antihypertensive, and anti-inflammatory activities. In
addition, royal jelly is believed to have anti-aging,
healing, hypoglycemic (anti-diabetic) and anti-cancer
properties. Biologically, the special components in royal
jelly form the basis for these various pharmacological
effects. For example, proteins may support the
mechanisms behind growth-promoting effects, while
antioxidants may be effective in reducing cellular
damage. The immunomodulatory effects of royal jelly
can be explained by exerting a regulatory effect on the
immune system [3].

Heavy metals are elements that have a high atomic mass,
metallic properties, a density greater than 5 g/cm3, and
are chemically stable and widely distributed in nature.
Heavy metals are elements that can enter the body
through the mouth, respiratory tract, and skin. These
metals can have toxic effects even at low concentrations,
meaning they can be harmful even in very small
amounts. These dangerous properties arise because
heavy metals are easily absorbed in the body, but cannot
be effectively eliminated from the body. In living
organisms, heavy metals can accumulate and
concentrate. These metals can cause serious health
problems when they exceed a certain threshold dose.
These problems can include poisoning, organ damage,
and even death [4]. Although industrialization has
brought many economic and technological benefits to
humanity, it is also an important factor that has led to an
increase in environmental problems. This process has led
to the emergence of environmental problems such as
heavy metal pollution and these problems have reached
great dimensions over time. With the increase in
industrial activities around the world, the number of
metal elements exposed to the external environment has
also increased. More than 35 of these metals have been
detected in the external environment and 23 of these
elements are heavy metals. Heavy metals are elements

found in nature and can be released into the environment
as a result of human activities such as various industrial
processes, mining activities, energy production, and
vehicular traffic. Many of these metals can enter the
body through the mouth, respiratory tract, and skin and
therefore have the potential to harm human health and
the environment [5].

Arsenic (As) is one of the twenty most common
elements in the earth's crust and is classified as a metal
and nonmetal element in terms of its chemical
properties. Because of this property, arsenic is also
called a metalloid. Arsenic occurs naturally in different
parts of the Earth's crust and is present as part of various
minerals and ores. Industrial and agricultural practices
can lead to the release of arsenic into the environment,
which can cause arsenic contamination in water sources
and soils. Arsenic can pose a significant hazard to human
health. Exposure to high levels of arsenic can cause
serious health problems and have carcinogenic effects. It
is therefore important to monitor and control arsenic
contamination. Arsenic, as an element released into the
environment by both natural processes and human
activities, is of great importance in the fields of
environmental chemistry and health sciences. Its
environmental and human health impacts are the focus of
scientific research and it is important to learn more about
arsenic from an environmental and human health
perspective [6].

Hematology is an intriguing field of research that
focuses on the cellular components of blood, including
erythrocytes (red blood cells), leukocytes (white blood
cells), and platelets (thrombocytes), and studies the
relationship between the physiology and pathology of
these components. By understanding the normal
functioning of these cells, hematologists can identify and
treat a range of blood-related health conditions. Blood
studies provide deep knowledge about the functions and
changes of these cellular components, which contributes
significantly to our understanding of the functioning of
the human body. Hematology sheds light on
understanding and treating blood diseases, immune
system problems, and other health conditions related to
the circulatory system. Blood analysis and the study of
cellular components help diagnose diseases early,
formulate treatment plans, and monitor patients' health

[71.

Hematological parameters such as red blood cell count,
white blood cell count, and hemoglobin concentration
are widely used as clinical indicators of health and
disease. These parameters are a reflection of the
biochemical components and cellular structure of the
blood and provide important information about the
overall health status of the body. Red blood cell count
correlates with hemoglobin levels, reflecting the body's
capacity to transport oxygen. Hemoglobin is an
important molecule that determines the blood's ability to
carry oxygen. Therefore, red blood cell count and
hemoglobin concentration are critical in diagnosing and
monitoring oxygen transport problems such as anemia.
White blood cell count reflects the activity of the
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immune system and is used to monitor various health
problems, such as infections and inflammatory
conditions. The number and types of white blood cells
help determine the type and severity of infections. These
hematologic parameters play an important role in
establishing medical diagnoses and treatment plans.
They are also regularly monitored to monitor patients'
health status and assess their response to treatment.
Thus, hematologic parameters are an indispensable tool
for disease diagnosis and treatment management in the
medical field [8]. Leukocytes, also known as white blood
cells, are essential in the immune system and are divided
into two main categories: granulocytes and
agranulocytes. Granulocytes, with small particles, are the
first line of defense against diseases, while
agranulocytes, monocytes, and lymphocytes are the
immune system's clean-up crew and direct long-term
immune responses, creating specialized defense
mechanisms like antibodies [9]. Leukocytosis is a
condition where the number of white blood cells in the
body exceeds normal levels, often indicating health
issues and being linked to the immune system. It is
crucial to identify and treat the cause of leukocytosis to
ensure proper health outcomes [10]. White blood cells
(WBCs) are vital in our body's defense system,
constantly active in the bloodstream. They protect
against threats and are activated by pathogens or harmful
substances. This self-defense mechanism increases
leukocyte  numbers, preventing infections and
maintaining health. Leukocytosis, a natural defense
mechanism, can signal health problems like infections.
The WBC value includes neutrophils, eosinophils,
lymphocytes, monocytes, atypical leukocytes, or any
combination thereof [12]. Lymphocytes, agranulocytes,
are white blood cells that play a crucial role in the
immune system. They detect and respond to antigens,
forming an essential part of the body's defense
mechanism against infections. Lymphocytes identify
foreign organisms or pathogens, activating other immune
system components to protect against infections. Their
role is vital in maintaining the health of the immune
system and protecting the body from harmful agents
[13]. Monocytes, agranulocytes, are white blood cells
that play a crucial role in the body's immune system.
They detect, engulf, and eliminate foreign substances
through phagocytosis, acting as the first line of defense
against infectious agents in rats. Monocytes recognize
harmful organisms or foreign substances and neutralize
them, making them a vital component of the immune
response. Their role is vital for the body's health and the
effectiveness of the immune system, making their
function crucial [14]. Platelets, a small, reactive blood
cell, play crucial roles in fibrosis and blood clotting
processes. They undergo changes when stimulated by
inflammatory cytokines and classical activators, altering
cell shape, forming pseudopodia, and releasing
cytoplasmic granules. Platelets accumulate rapidly at
damaged sites and form the first line of defense, making
their multifaceted role critical for maintaining body
health [15].

Previous studies on the effect of arsenic on the
hematopoietic system indicate that exposure to high

doses of arsenic can affect and alter the hematopoietic
system and these hematopoietic parameters [16]. In
blood samples, blood leukocyte parameters, blood
erythrocyte-hemoglobin, hematocrit parameters, platelet-
related parameters WBC, LYM, MID, GRA, RBC,
HGB, MCHC, MCH, MCV, HCT, PLT, MPV, and
PDW values were examined and the potential effect of
royal jelly on the hematological system and immune
system against the toxicity caused by sodium arsenic was
evaluated.

2. MATERIAL AND METHOD

2.1. Animal Selection and Permissions: Thirty-five
male Wistar albino rats weighing 250-300 grams and 12-
13 weeks old were used for the experiment. Animal
experiments were performed at Bingdl University
Animal Experiment Center. The permission for the
experiment was obtained from Bing6l University Animal
Experiments Local Ethics Committee with the decision
number 07/01 dated 09.12.2021.

2.2. Animal Care: Rats were kept in a control room
with a temperature of 24-25°C and a twelve-hour dark
photoperiod (19:00-07:00 dark; 07:00-19:00 light).
Animals were given unlimited access to water and
standard food. Rats were rested and acclimatized for one
week while they were maintained in cages.

2.3. Experimental Groups: Rats were
divided into five different groups:

randomly

a) Control Group (C): Rats were given 0.5 cc saline by
gavage for 14 days.

b) Royal Jelly Group (R): Rats were given 1 g royal
jelly at a dose of 200 mg/kg, dissolved in 10 cc distilled
water, and given 0.5 cc by gavage for 14 days (Solution
was prepared daily).

¢) NaAsO2 Group (Arc): Rats were given NaAsO:; at a
dose of 10 mg/kg for 14 days, 1.250 g NaAsO; was
dissolved in 250 cc distilled water to form a stock
solution and given 0.5 cc by gavage.

d) NaAsO: + Royal Jelly 100 mg/kg Group (Arc-R-
100): Rats were given NaAsO- at a dose of 10 mg/kg
from the stock solution orally for 14 days. Royal jelly
was administered 30 minutes before NaAsO;
administration at a dose of 100 mg/kg by dissolving
0.250 g royal jelly in 5 cc distilled water and
administering 0.5 cc by gavage (Solution was prepared
daily).

e) NaAsO: + Royal Jelly 200 mg/kg Group (Arc-R-
200): Rats were given NaAsO; at a dose of 10 mg/kg
from the stock solution orally for 14 days. Royal jelly
was administered 30 minutes before NaAsO;
administration at a dose of 200 mg/kg by dissolving 1 g
royal jelly in 10 cc distilled water and administered by
0.5 cc gavage.
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2.4. Sample Collection and Determination of

Hematologic Parameters

One day after the end of the study period, animals were
decapitated under sevoflurane anesthesia, and blood
samples were collected in 3 ml EDTA vacuum tubes.
Blood samples were analyzed for White Blood Cell
Count (WBC), Lymphocyte (LYM), Monocyte (MID),
Granulocyte (GRA), Erythrocyte (RBC), Hemoglobin
(HGB), Mean Corpuscular Hemoglobin Concentration
(MCHC), Mean Corpuscular Hemoglobin (MCH), Mean
Corpuscular Volume (MCV), Hematocrit (HCT),
Platelet Count (PLT), Mean Platelet Volume (MPV),
Platelet Distribution Width (PDW) parameters were
analyzed. Blood samples were read on BeneSphera™
Brand Hematology Analyzer. Analyses were performed
using standard methods [17].

2.5. Statistical Analysis

Differences between the experimental groups were
determined using IBM SPSS Statistical software
(Version 27) (USA). Statistical evaluation of the data
was performed using One-Way ANOVA and Bonferroni
test as post hoc. Values were considered statistically
significant at P < 0.005.

3. RESULTS

WBC, LYM, MID, GRA, RBC, HGB, MCHC of (C),
(R), (Arc), (Arc-R-100), (Arc-R-200) groups, MCH,
MCV, HCT, PLT, MPV, PDW values are given in Table
1. Statistical comparison was made between the (C)
group, (R) group, (Arc) group, (Arc-R-100) group, and
(Arc-R-200) group. Values are the mean values of seven
separate observations with a standard deviation.
Statistically significant values are marked in the table. In
all experimental groups, MID, RBC, MCHC, MCH,
MCV, PDV hematologic values were statistically
insignificant in all groups.

3.1. When the control group and other groups were
compared statistically; the following hematologic
values were found significant (P<0,005) (Table 1).

i.  Between (C) + (R) group; A statistically significant
difference was found in %LYM value. This
indicates that royal jelly may affect the percentage
of lymphocytes.

ii. Between (C) + (Arc) group; Statistically significant
differences were found in WBC, GRA, %LYM,
%MID, %GRA, PLT, HCT values. This indicates
that arsenic exposure may affect these parameters.

iii. Between (C) + (Arc-R-100) group; Significant
differences were found in WBC, GRA, %LYM,
%MID, %GRA values. This indicates that there
were significant differences in the values of white
blood cells (WBC), granulocytes (GRA), the
percentage of lymphocytes (%LYM), the
percentage of medium-sized cells (%MID), and the
percentage of granulocytes (%GRA) between the
group treated with 100 mg/kg royal jelly (Arc-R-
100) and the control group. These results indicate

that royal jelly has a protective effect against
arsenic toxicity.

iv. Between (C) + (Arc-R-200) group; Significant
differences were found in %LYM, %MID, %GRA,
HCT wvalues. This indicates that there were
significant differences in the percentage of
lymphocytes (%LYM), the percentage of medium-
sized cells (%MID), the percentage of granulocytes
(%GRA), and hematocrit (HCT) values between
the group treated with 200 mg/kg royal jelly (Arc-
R-200) and the control group ©. These results may
indicate that royal jelly has a protective effect
against arsenic toxicity.

3.2. When the royal jelly group was compared with
the other groups; the following hematologic values
were found significant (P<0,005) (Table 1).

i. Between (R) + (Arc) group; A significant
difference was found in the PLT value. This
indicates that arsenic exposure may affect the
platelet count.

ii. Between (R) + (Arc-R-100) group; Significant
differences were found in WBC and LYM values.
This indicates that royal jelly may affect these
parameters.

iii. Between (R) + (Arc-R-200) group; A significant
difference in HGB value was found. This indicates
that royal jelly may affect hemoglobin levels.

3.3. When the arsenic group and other groups were
compared statistically; the following hematologic
values were found significant (P<0,005) (Table 1).

i.  Between (Arc) + (Arc-R-100) group, PLT
ii. Between (Arc) + (Arc-R-100) group; PLT, MPV

Significant differences were found in PLT and MPV
values. This indicates that royal jelly may modify the
effect of arsenic exposure on these parameters.

3.4. When NaAsO: + royal jelly 100 mg/kg group
and NaAsO: + royal jelly 200 mg/kg group were
compared statistically; the following hematologic
values were found significant (P<0,005) (Table 1).

Between (Arc-R-100) + (Arc-R-200); the HGB value
(P<0,005) was found significant, while other
hematological values (P>0,005) were found statistically
insignificant. This indicates that different doses of royal
jelly may have different effects on hemoglobin levels.
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Figure 1. Blood Leukocyte Parameters in Control and Experimental
Groups a- The difference compared to the control group is statistically
significant (P<0.005) b- The difference according to the royal jelly
group is statistically significant (P<0.005)
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Figure 2. Percent Blood Leukocyte Parameters in Control and
Experimental Groups a- The difference compared to the control group
is statistically significant (P<0.005)

When the blood leukocyte parameters in the control and
experimental groups were examined, the effects of
different treatments (Control Group, Royal Jelly Group,
NaAsO, Group, and different concentrations of Royal
Jelly & NaAsO,) on blood leukocyte parameters were
revealed. Compared to the control group, significant
changes were observed in the blood leukocyte
parameters of the royal jelly group and NaAsO, Group.
In particular, WBC (1079/L) values were significantly
higher in the Royal Jelly Group compared to the control
group (P<0.005). Furthermore, a significant decrease
was observed in LYM (%) and GRA (%) values in the
NaAsO; group compared to the control group (P<0.005)
(Figure 1-2).
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Figure 3. Blood Erythrocyte-Hemolobin Parameters in Control and
Experimental Groups d- There is a significant difference between the
100 mg/kg group of royal jelly and the 200 mg/kg group of royal jelly
(P<0.005)

When the blood erythrocyte-hemoglobin parameters in
the control and experimental groups were examined, the
effects of different treatment groups (control, royal jelly,
NaAsO;, and royal jelly + NaAsO, combinations ) on
RBC, HGB, MCHC, MCH, and MCV values were
shown. A significant difference was found between the
100 mg/kg royal jelly group and the 200 mg/kg royal
jelly group in the HGB parameter (P<0.005). The
findings indicate that royal jelly dosage has a significant
effect on blood erythrocyte-hemoglobin parameters. In
particular, a significant difference was found between
100 mg/kg and 200 mg/kg royal jelly doses, indicating
that royal jelly has a dose-dependent effect on these
parameters (Figure 3).
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Figure 4. Hematocrit Parameter in Control and Experimental Groups
a- The difference compared to the control group is statistically
significant (P<0.005)

The control group and Royal Jelly Group had higher
hematocrit levels than the NaAsO, -exposed groups,
while the hematocrit levels decreased in the NaAsO; -
exposed groups. However, when royal jelly was given
before NaAsO., exposure, there was a partial
improvement in hematocrit levels. This suggests a
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potential protective effect of royal jelly against NaAsO,
toxicity. These findings are statistically significant
(P<0.005)
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Figure 5. Platelet-Related Parameters in Control and Experimental
Groups a- The difference compared to the control group is statistically

significant (P<0.005) b- The difference according to the royal jelly
group is statistically significant (P<0.005) c- The difference compared
to the arsenic group is statistically significant (P<0.005)

There was no statistically significant difference in PDW
values between any groups. The decrease in the MPV
value indicates a decrease in the size of platelets. The
decrease in MPV values compared to the arsenic group
may indicate that royal jelly may have a protective effect
against arsenic toxicity. Arsenic can impair the
formation and function of blood cells. This can lead to
changes in the size and number of platelets. However, a
reduction in MPV values was observed in the royal jelly
group, suggesting that royal jelly may mitigate these
negative effects. Compared to the control group and the
royal jelly group, a significant decrease in PLT levels
was observed in the NaAsO. group. However, in the
royal jelly-treated groups Arc-R-1 and Arc-R-2, PLT
levels were higher than in the NaAsO group. This
suggests that royal jelly has a protective effect against
NaAsO; -induced toxicity (Figure 5).

Table 1. Some Hematological Parameters in Control and Experimental Groups a- The difference compared to the control group is statistically
significant (P<0.005) b- The difference according to the royal jelly group is statistically significant (P<0.005) c- The difference compared to the
arsenic group is statistically significant (P<0.005) d- There is a significant difference between the 100 mg/kg group of royal jelly and the 200 mg/kg

group of royal jelly (P<0.005)

Hemogram Control
Group +SD +SD

Royal Jelly Group

NaASO: Group | 100 mg/kg 200 mg/kg
+SD Royal Jelly + Royal Jelly+
NaASO:z Group | NaASO:Group

+SD +SD
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4. DISCUSSION

Royal jelly is a natural product produced by the
hypopharyngeal and mandibular glands of worker bees
and has been widely used in alternative medicine for
centuries. Rich in ingredients, royal jelly is abundant in
proteins, lipids, amino acids, minerals, and vitamins. It
also contains bioactive compounds such as peptides,
flavonoids, fatty acids, and phenolic acids [18]. Heavy
metal pollution is a serious concern for the environment
and human health. However, some supplements may
play a potential role in reducing the harmful effects
caused by heavy metals in the body. These supplements
may help prevent the accumulation of heavy metals in
the body or reduce their toxicity [19]. Thanks to its
antioxidant properties, royal jelly can reduce cellular
oxidative stress, regulate the immune system, suppress
inflammation, and reduce the effects of aging. It can also
fight germs with antibacterial and disinfectant properties,
have anti-cancer potential, lower blood pressure by
dilating blood vessels, improve cholesterol levels,
protect liver health, and inhibit tumor development.
Royal jelly is, therefore, a valuable natural supplement
that offers many important health benefits [20]. Arsenic
is one of the heavy metals found in nature, and humans
can be exposed to it through inhaled air, consumption of
food and water, and skin contact. Once in the body, it
can affect many organ systems, including the skin,
respiratory, cardiovascular, immune, reproductive and
urinary systems, digestive, and nervous systems [21].
Hematology and biochemical indicators are reliable
parameters for assessing the health status of humans and
animals suffering from arsenic poisoning. These
indicators are important for monitoring the effects of
arsenic exposure and determining the degree of toxicity.
Hematological parameters provide information on blood
composition and circulatory system health, while
biochemical indicators assess body functions and organ
systems. These parameters play a critical role in
detecting arsenic poisoning and guiding treatment
processes [22]. This research was conducted to predict
the extent to which the harmful effects caused by arsenic
exposure can be reduced by royal jelly. This evaluation
included hematological parameters, as these parameters
can help determine the degree of harmful effects on the
blood components of animals. The monitoring of
hematological parameters was used as an important tool
to evaluate the protective effect of royal jelly against
arsenic and arsenic-induced toxicity and to provide
important information in this regard. Some values from
studies on sodium arsenite exposure in rats are as
follows. Kumari et al. [23] observed a significant
decrease in WBC, RBC, Hb, Hct, MCV, and MCH in
rats exposed to sodium arsenite. However, MCHC
remained the same. Sharma and Rani [24] reported a
decrease in RBC, Hb, HCT, and PLT and an increase in
WBC values. Ola-Davies et al. [11] found significant
decreases in PCV, Hb, and RBC, increases in WBC,
platelets, lymphocytes, and eosinophils, and decreases in
neutrophils and monocytes. The reasons for the
differences in the data obtained from different studies
may be various environmental factors such as
application method, dose, and application time.

Granulocytes are white blood cells that play an important
role in the immune system's response to conditions such
as infection, allergies, and asthma. Granulocytes are the
most common type of white blood cells and are usually
divided into three main categories: neutrophils,
eosinophils, and basophils. These cells play important
roles in various immune responses [25]. Kumari et al.
found that granulocyte values were significantly higher
in rats exposed to sodium arsenite compared to the
control group. In our study, a significant increase in
granulocytes was observed in rats exposed to sodium
arsenite compared to the control group (P<0.005). This
increase was not significant in the royal jelly group
(P>0.005). The results suggest that royal jelly, instead of
lowering granulocyte levels, may stimulate more
granulocyte production by making the immune system
more active.

White blood cells or leukocytes play a vital role in
phagocytosis, immunity, and defense against infection
[26]. Increased white blood cell counts are known to be a
normal reaction to foreign bodies [27]. Ewere et al. [28]
found that WBC values in rats exposed to sodium
arsenite increased significantly compared to the control
group. In our study, an increase in WBC levels was
observed. Especially in Arc and Arc-R-100 groups, this
increase in WBC levels was found to be statistically
significant. In addition, it was observed that this increase
became insignificant compared to the control group
when the amount of royal jelly in the Arc-R-100 group
was increased to 200 mg/kg in the Arc-R-200 group and
the values approached the control values. This shows
that the amount of royal jelly can affect WBC levels and
can be considered an indicator of recovery. These results
indicate that royal jelly has a protective effect against
sodium arsenite exposure and has a positive effect on the
immune system.

Lymphocytes are an important part of the immune
system and initiate immune responses by sensing
pathogens entering the body. A low lymphocyte count
can cause the body to become vulnerable to germs and
diseases. This can reduce the body's ability to maintain
an effective defense mechanism against harmful
microorganisms. Individuals with a low lymphocyte
count may therefore have an increased risk of infection
and may need to take extra precautions [29]. Ola-Davies
et al. found that LYM values increased in rats exposed to
sodium arsenite compared to the control group. Our
research findings show a significant increase in LYM
levels between the R group and the combination groups
Arc-R-100 and Arc-R-200. This suggests that royal jelly
may have a positive effect on the immune system by
increasing the number of lymphocytes. Furthermore, the
lymphocyte percentage values were statistically
significantly increased in the arsenic-exposed groups
unlike the other groups (P<0.005). This supports the
hypothesis that royal jelly has the potential to increase
the HCT count of other shaped elements in the
bloodstream and suggests that royal jelly may have
positive effects on the immune system and provide a
protective effect against toxicity.
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Monocytes play a critical role in the immune system,
having the ability to transform into macrophages and
dendritic cells when needed to fight against infections.
When they move into infected tissues, they help to
activate the adaptive immune system by initiating an
inflammatory response. The versatility of monocytes is
considered a vital component of the immune system's
defense against harmful pathogens [9]. Ola-Davies et al.
observed that % LYM values decreased in rats exposed
to sodium arsenite compared to the control group.
According to our study, a significant decrease in the
number of monocytes was observed in rats exposed to
sodium arsenite. This decrease was valid for all groups
except for the royal jelly group. These results are in line
with the study conducted by him and his team. In
addition, while the MID value in the Arc-R-100 group
showed the lowest value in percentage terms, it was
observed that these values gradually approached the
control group with the increase in the amount of royal
jelly in the Arc-R-200 group. This finding again refers to
the potential of royal jelly to support the immune system.

Arsenic can negatively affect heme metabolism by
binding to hemoglobin. This effect results in a decrease
in hemoglobin levels inside red blood cells. Hemoglobin
is a critical component that ensures the ability of red
blood cells to transport oxygen. Due to its effect on
hemoglobin, arsenic can impair the function of red blood
cells and negatively affect oxygen transportation
throughout the body. Therefore, it is important to
monitor hematological parameters to understand and
prevent arsenic-related health problems [30]. Arsenic
exposure has been reported to contribute to anemia in
humans and rodents by suppressing bone marrow
function [31]. There appears to be a possible correlation
between arsenic exposure and RBC and HGB levels.
This relationship may be attributed to the reduced
capacity of the bone marrow to produce red blood cells,
leading to anemia in these groups [32]. Basher et al. [33]
reported that HGB and RBC values decreased in rats
exposed to sodium arsenite compared to the control
group. In our study, HGB and RBC values decreased
compared to the control group. There was a significant
decrease in HGB level (P<0.005) between the R group
and Arc-R-2 and between Arc-R-1 and Arc-R-2 groups.
Although these decreases were not significant in the
RBC parameter, they were parallel in terms of
significance. Although the group given royal jelly alone
(R) had the highest HGB and RBC counts, the
combination of sodium arsenite and royal jelly and the
increased dose of royal jelly caused a greater decrease in
HGB and RBC counts. This may be because individuals
administered sodium arsenic may have experienced
anemia due to persistent high levels of this substance in
their bloodstream, which may have triggered erythrocyte
hemolysis and subsequent decrease in hemoglobin
levels.

Hematocrit, also known as packed cell volume, is used
to determine the percentage of red blood cells in whole
blood. Automated methods calculate this value by
multiplying the number of RBCs and the average cell
volume, while manual methods involve measuring the

hematocrit after centrifugation of a microcapillary tube
filled with whole blood [7]. Hematocrit refers to the
percentage of packed blood cells relative to the total
blood volume. The formula HCT = (RBC x MCV)/10 is
used to calculate hematocrit. Following research, it has
been found that chronic exposure to low levels of arsenic
can negatively affect the body's red blood cells,
hematocrit, and hemoglobin levels [16]. There appears to
be a discernible association between arsenic exposure
and decreased RBC and HCT/PCV measurements [30].
Sharma and Rani observed that arsenic exposure
significantly decreased HCT levels in albino rats. In this
study, the lowest HCT level was observed only in the
group given sodium arsenite. Recent research suggests
that low HCT levels may indicate different health
conditions. Low HCT values may be a result of
conditions such as anemia, excessive fluid intake, renal
failure, or chronic inflammatory diseases [34]. The
highest HCT level was detected only in the royal jelly
group, suggesting that royal jelly may increase
hematocrit levels. In conclusion, in the study, hematocrit
levels increased in royal jelly-treated groups but
decreased in sodium arsenite-treated groups. This
suggests that royal jelly may increase hematocrit levels
and arsenic exposure may decrease hematocrit levels.

One of the important values in hematologic analysis is
the Mean Platelet Volume and Platelet count. MPV
shows the average size of platelets and often reflects
platelet activity. These parameters are vital for
understanding the functioning of the blood coagulation
system and for diagnosing various hematological
disorders [35]. Mean Platelet Volume determines the
overall size of blood cells by measuring the size of
platelets. These parameters are used in routine blood
morphology tests and play an important role in assessing
blood clotting ability [36]. In the study, it was found that
the highest MPV rate was in the Arc group and the
lowest MPV rate was in the Arc-R-200 group. Kalia et
al. reported that arsenic exposure caused a decrease in
platelet levels in their study [37]. The highest mean PLT
value was observed in the Arc-R-100 and Arc-R-200
groups. The reason for this is that MPV is inversely
proportional to platelet count under normal physiologic
conditions. That is, the higher the platelet count, the
lower the mean volume of platelets, and this is
associated with maintaining blood clotting ability and
maintaining a constant mass of platelets. [38]. This
suggests a decrease in the average volume of platelets
accompanying their increased production. In different
pathological conditions, this normal physiological ratio
can be disrupted. In particular, increased or abnormal
platelet production, increased destruction of platelets, or
the effect of activation factors on platelets can lead to
changes in the ratios between MPV and PLT. These
changes can be observed during hematologic analyses
and can provide healthcare professionals with important
information about the condition of blood cells.

5. CONCLUSION

Sodium arsenite exposure can cause hematologic
changes in rats. These changes include an increase in
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white blood cells and decreased levels of red blood cells,
hemoglobin, and hematocrit. An increase in
granulocytes, a marked increase in lymphocytes, and a
decrease in monocytes have also been observed. Arsenic
exposure can also cause a decrease in hemoglobin and
erythrocyte levels and a decrease in hematocrit levels.
These findings emphasize that arsenic exposure can have
serious effects on hematological parameters. It is
suggested that royal jelly administration may influence
these changes and in some cases may be protective
against arsenic exposure. In particular, royal jelly may
have the potential to protect the body against toxicity by
increasing white blood cell count and lymphocyte count.
Changes in mean platelet volume and platelet count were
also observed and it is thought that royal jelly may affect
these changes. Royal jelly may have protective effects
against sodium arsenite toxicity and has been shown to
have positive effects on the immune system. However,
decreases in red blood cells, hemoglobin, and hematocrit
levels have been noted and further research is needed.
Further studies are also needed to identify the
components of royal jelly that contribute to these
positive effects.

The study did not show significant differences in
hematologic parameters such as MID, RBC, MCHC,
MCH, MCV, and PDW. However, decreases in %LYM,
%MID, HCT, and PLT values and increases in WBC,
GRA, and %GRA values were observed in all
experimental groups. These results indicate that royal
jelly may strengthen the immune system against the
effects of harmful substances such as arsenic. The study
also emphasizes the possible protective role of royal jelly
against toxic effects. This suggests that royal jelly may
provide positive effects on health and may be a valuable
complementary food for those aiming to improve health.
However, further research is needed to determine the
appropriate royal jelly dosage and to understand the
mechanisms in more depth. This information highlights
the potential protective effects of royal jelly and its
positive effects on the immune system.
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