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ABSTRACT

Acrylamide (ACR), a well-known toxic substance, is found in heated foods and processed foods at high temperatures.
ACR is a neurotoxic and carcinogenic agent that poses a greater risk to human and animal health. The aim of this study
was to determine the effect of Nigella sativa (NS) oil on some hematological and immunological parameters against
ACR-induced toxicity in rats. Male Wistar albino rats (N=32) with an average weight of 358+8.10 grams were divided
into four equal groups: control (C), Acrylamide (ACR,40 mg/kg, gavage), Nigella Sativa (NS oil 10 ml/kg, gavage), and
Acrylamide + Nigella Sativa (ACR+NS oil).In the blood samples taken from animals, red blood cell (RBC) and white
blood cell (WBC) counts, hemoglobin amount, hematocrit value (Htc), platelet (Plt) count, leukocyte percentages and
mean red blood cell volume (MCV), mean red blood cell hemoglobin (MCH) and mean red blood hemoglobin were
determined together with the concentration of MCHC hemoglobin, alpha-naphthyl acetate esterase (ANAE) positive
peripheral blood lymphocyte ratios. A significant decrease in RBC, PLT, HB and HTC levels and lymphocyte
percentage, and an increase in WBC count and neutrophil percentage were detected in rats in the ACR group. NS oil
applied simultaneously with ACR tended to improve these parameters. These results confirm the effects of ACR on some
hematological and immunological parameters and reveal that NS oil has a protective effect against acrylamide-induced
toxicity in rats.
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INTRODUCTION neurons, basic enzymes, and hemoglobin (Ghorbel ef al.,

2015). Exposure through oral ingestion, inhalation, or

Various industries, including packaging, mining, skin contact results in higher concentrations of ACR in

paper production, paint production, water treatment, the bloodstream compared to other tissues. According to
textiles, and cosmetics, use Acrylamide (ACR), an Ghorbel ez al. (2015), the presence of ACR and
artificial monomer. Researchers widely recognize ACR glycidamide hemoglobin adducts in the blood is a reliable
as a neurotoxic, carcinogenic, and genotoxic compound indicator of ACR-induced toxicity. Reactive oxygen

(Acaroz et al. 2018; Guo et al. 2020). We acknowledge species  (ROS) can  cause pxidative damgge to
that consuming high-carbohydrate foods cooked at high erythrocytes due to the high concentration of

temperatures significantly exposes us to ACR, as these polyunsaturated fatty acids in their membranes and the
foods contain ACR (Mehri ef al. 2014). The Maillard ~ redox-active hemoglobin (Hb) molecules, which serve as
reaction produces ACR when the carbonyl group of a significant source of ROS (Shrivastava et al. 2019).
reduced sugars reacts with the amino group of free Experimental studies have reported that the intake of
asparagine in foods heated for an extended period above ACR leads to oxidative stress, has harmful effects on the
120 °C (Can ef al. 2016; Kavusan and Serdaroglu, 2019). nervous system and genetic material, and can potentially

Animals and humans' hematopoietic systems are cause cancer in both animals and humans (Can et al.
highly susceptible to the harmful effects of environmental 2016; Shrivastava et al: 2019). The bO(_iy readily absorbs
toxins and drugs. After ACR is taken into the organism, it and undergoes metabo}lsm of ACR, which theq enters the
is absorbed through the intestinal tract and directed blood.stream. It can interact Wlth_ hemogloblq, plasma
towards the circulation as well as various target organs. It~ Proteins, and certain enzymes, while also causing DNA
causes various toxic effects by interacting with DNA, damage as it spreads to different organs (Baum et al.
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2008; Abdel-Daim et al. 2020). Researchers have
conducted extensive research on the use of protective
agents, such as natural antioxidants, to counteract the
toxic effects of ACR. Nigella sativa (NS) is extensively
employed globally as a preservative and food additive, as
well as for combating diverse ailments (Karimi et al.
2019). The oil and seed of NS have extensive
applications, particularly in oriental medicine, due to
their various beneficial properties, such as diuretic,

antihypertensive, antidiabetic, anticancer,
immunomodulatory, analgesic, antimicrobial,
anthelmintic, anti-inflammatory, spasmolytic-

bronchodilator, gastroprotective, hepatoprotective, renal
protective, antioxidant protective, and therapeutic effects
(Ahmad et al. 2013). Thymoquinone (TQ) is the primary
chemical molecule in NS that exhibits the highest
pharmacological activity. Neuroprotective substances
lessen the harmful effects of food toxins by controlling
the activity of antioxidant enzymes like glutathione
peroxidase (GPx) and glutathione-S-transferase catalase
and acting as ROS scavengers in different body parts
(Mehri et al. 2014).

Despite reports of acrylamide's potential
toxicity, there have been few studies examining changes
in blood composition. This study aimed to investigate the
impact of NS, known for its potent antioxidative and anti-
inflammatory properties, on certain hematological
parameters and the ratios of ANAE-positive lymphocytes
in experimental rats exposed to ACR.

MATERIALS AND METHODS

Animals:  The Selcuk  University  Experimental
Application and Research Center conducted animal
experiments. The Ethics Committee of the Selcuk
University Veterinary Faculty Experimental Animal
Production and Research Center approved the study
protocol with Approval No. 2017/11. The experimental
procedures were conducted in compliance with the
animal welfare regulations of the European Economic
Community, specifically the directives 86/609/CEE and
2010/63/EU. A total of 32 healthy male Wistar Albino
rats, all with similar body weights (358+8.10 gr), were
utilized in the research. The experimental animal unit
specifically housed the rats in plastic rat cages. The room
temperature was maintained at 23+2 °C, with a relative
humidity of 50+10%. The rats were exposed to a 12-hour
night/daylight cycle and had unrestricted access to
standard rat chow. The rats were given a daily supply of
freshwater, approximately 50 ml per day per rat, which
was available to them at all times.

Experimental design: A total of 32 healthy male Wistar
Albino rats were allocated into four equal groups: control
(C), Acrylamide (ACR), Nigella Sativa (NS oil), and
Acrylamide + Nigella Sativa (ACR+NS oil). Hatipoglu et
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al. in 2024 described the administration of 40 mg/kg of
acrylamide (Sigma) via gavage to the ACR and ACR+NS
groups throughout the 15-day trial. The NS and ACR+NS
groups were administered 10 ml/kg of N. sativa oil
(Botalife) via gavage throughout the trial, as reported by
Karimi et al. in 2019. For a period of 15 days, we
administered NS at a dosage equivalent to 1.25 percent of
the daily food ration. ACR was prepared daily before
administration, specifically during the trial period. The
proficient researcher utilized gastric feeding needles of
the ball type to administer ACR and NS to all animals via
gavage, ensuring equal and complete dosages. The
researcher carefully inserted the feeding needles, attached
to syringes, into the lower esophagus through the rats'
mouths. We used these needles to avoid entering the
trachea and to reduce harm to the oral cavity and
esophagus.

Hematological parameters and differential leukocyte
counts: At the end of the study, we collected blood
samples from the subjects in the different groups while
they were under general anesthesia, specifically
thiopental anesthesia at a dosage of 40 mg/kg. The blood
was obtained by puncturing the heart and collecting it in
tubes containing an appropriate anticoagulant (EDTA).
The blood samples were analyzed to determine the levels
of leukocytes (WBC), erythrocytes (RBC), hemoglobin
(HGB), hematocrit (HCT), platelets (PLT), mean
corpuscular volume (MCV), mean corpuscular
hemoglobin (MCH), mean corpuscular hemoglobin
concentration (MCHC), and differential leukocyte counts.
The hematological analysis results were acquired
utilizing an automated blood count device, specifically
the Mindray BC800. Furthermore, the smears made from
the blood samples were used to determine the ratios of
ANAE-positive lymphocytes.

Alpha-naphthyl acetate esterase (ANAE)
demonstration: Two smears were made from the drawn
blood samples specifically for this purpose. Smears that
had been air-dried were fixed for three minutes at -10°C
in a glutaraldehyde-acetone fixing solution (pH = 4.8).
After dissolving 20 mg of the substrate (alpha-naphthyl
acetate, N-8505-Sigma) in 0.8 ml of acetone (Merck), the
mixture was gradually added to 80 ml of pH 5.0 buffered
phosphate solution. At room temperature, the smears
were thereafter allowed to dry. The buffered phosphate
solution containing the substrate was then mixed with 2.4
ml of 4% sodium nitrite (S-3421, Merck) solution and 4.8
ml of the hexazotized pararozaniline mixture, which was
made by preserving 2.4 ml of pararozaniline (P-3750,
Merck) (1 g of pararozaniline, 20 ml of distilled water,
and 5 ml of concentrated HCI) solution for two minutes.
The prepared solution was filtered and maintained under
strict supervision for two hours in the incubation solution
after its pH was adjusted to 5.8 using 1N NaOH solution.
The incubation period was stopped at the emergence of
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reddish-brown granules (Figure 1, arrow), and methyl
green core staining was applied to the preparates after
three distilled water washes. Using an x100 objective
(Leica DM2500, Switzerland), 200 lymphocytes from
each sample were counted to determine the ANAE+
lymphocyte ratios (Figure 1) (Kisadere et al. 2022). At
the conclusion of the study, statistical analysis of the data
and analysis of variance were performed to determine the
significance of differences between groups using the
SPSS 22.0 package program (P<0.05).

RESULTS
At the end of the experiment, some
hematological parameters and differential leukocyte

counts determined in the research groups in the blood
samples taken are given in the tables (Figure 1, Table 1).
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When looking at the hematological
parameters shown in Figure 1, the RBC, HGB, HCT,
PLT, and MCYV values in the rats in the ACR group were
significantly lower than those in the control group
(P<0.05). In addition, there was a notable rise in white
blood cell (WBC) levels in the ACR group (P<0.05).
There were a few more red blood cells (RBC),
hemoglobin (HGB), hematocrit (HCT), and mean
corpuscular volume (MCV) in the ACR+NS group of rats
than in the ACR group. However, this increase was not
considered statistically significant (P > 0.05) when
compared to the control group. Nevertheless, the PLT
value in the ACR+NS group exhibited a statistically
significant rise in comparison to the ACR group (P<0.05)
and maintained comparable levels when compared to the
control group (P>0.05). The white blood cell (WBC)
count in the ACR+NS group of rats showed a tendency to
decrease compared to the ACR group (P<0.05).
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Figure 1. Some hematological parameters in experimental groups, X + SX. a, b; P< 0,05

Table 1. Differential leucocyte counts (%) and ANAE positive lymphocyte counts (%) in experimental groups,

X+SX
Parameters (%) C NS ACR ACR+NS
Lymphocyte 63.91 +4.56* 61.75+1.45° 32.21+£5.72° 41.95+4.16°
Monocyte 2.34+1.06 3.36+0.94 2.77+0.40 3.70 £ 0.63
Neutrophile 27.45 £ 3.69° 31.43 +£3.50° 60.16 + 6.05* 49.71+ 4.15*
Eosinophile 3.81+£0.71 3.83+1.01 2.38+0.46 1.97 £0.41
Basophile 2.45+0.63 1.81 £0.48 2.28+0.84 3.08.£1.24
ANAE 59.33+2.23b¢ 61.67+2.36% 68.17+2.06* 62.50+2.22%
a, b, c; P<0,05
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Table 1 shows the leukocyte percentages. The
ACR group had a significantly lower lymphocyte
percentage compared to the control group (P<0.05). The
neutrophil percentage in the same group exhibited a
statistically significant increase compared to the control
group (P<0.05). In contrast, the ACR+NS group showed
a slight improvement in lymphocyte and neutrophil levels
compared to the ACR group. However, these differences
did not reach statistical significance (P > 0.05). The ACR

Figure 2. ANAE positive and negative lymphocyte. Arrows:

Arrowhead: indicates ANAE negative lymphocytes.
DISCUSSION

It is still not known exactly what kind of damage
ACR, which is taken into the organism in various ways,
may cause the organism. Therefore, especially food-
borne ACR is an important problem (Morales et al. 2014;
Arusoglu 2015). The mechanism of acrylamide toxicity
begins when there is an imbalance in the biological
oxidant-antioxidant ratio and it results in the potential for
oxidative stress to occur. In recent years, it has been
shown that ACR induces oxidative stress (Nowak et al.
2020). ACR is not only neurotoxic, it can also alter
hematological parameters by damaging erythrocyte
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group showed a significant increase in the ratio of
ANAE-positive lymphocytes compared to the control
group (P<0.05). Within the ACR+NS group, there was a
noticeable trend of reduced ANAE-positive lymphocyte
count compared to the ACR group, but an increase
compared to the control group. Nevertheless, neither of
these alterations exhibited statistical significance (P >
0.05).

membranes, producing micronuclear erythrocytes, and
also altering blood viscosity parameters (Arthan et al.
2011).

In this study, it has been observed that the
erythrocyte count, hemoglobin amount, hematocrit value,
MCV and platelet count decreased significantly in rats
with ACR toxicity compared to the other three groups (C,
NS, and ACR+NS). The decrease in erythrocyte count,
hemoglobin amount, and hematocrit value observed in
the ACR group indicate anemialt is well known that
cytokines released by inflammatory cells induce anemia
and result in reduced iron consumption. Iron deficiency is
the main cause of microcytic hypochromic anemia (Raju
et al. 2015, Mahmood et al 2016,). Microcytic
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hypochromic anemia is an indicator of a decreased
response to erythropoietin. Research on this subject
reveals that this may be an effective mechanism in
chronic renal failure that may occur only as a result of
AA administration (Mahmood et al. 2015). However,
inflammation that develops due to toxicity in the
organism causes a change in the recycling dynamics of
iron. Here, iron does not promote the formation of red
blood cells in the bone marrow; rather, it is stored in the
reticuloendothelial system (Mahmood et al. 2016).
Benziane et al. (2019) state that the number of RBCs in
the treated groups after ACR application was lower than
in the control group, and this observed decrease reveals
anemia.

Previous research has shown that ACR can alter
certain hematological parameters (Rawi et al. 2012;
Ghorbel et al. 2015; Raju et al. 2015; Wu et al. 2021). An
investigation into this topic found that ACR treatment
reduced hemoglobin levels, red blood cell count, and
lymphocyte count in mice (Rawi et al. 2012). Consistent
with previous research, this study's findings show that
ACR has a significant impact on hematological
parameters, resulting in their reduction. Sekeroglu et al.
(2017) found that ACR causes a significant decrease in
all hematological parameters, except the mean
corpuscular hemoglobin concentration. The study found
that applying argan oil to the acrylamide-treated group
significantly  increased the previously reduced
hematological parameter levels caused by ACR.
According to reports, using ACR reduces red blood cell
membranes' ability to resist acid and initiates the process
of lipid peroxidation (Tarskikh 2006). Farouk et al.
(2021) investigated the toxicity of hemograms. They
found a significant decrease in red blood cell (RBC) and
white blood cell (WBC) counts, hemoglobin (Hb)
concentration, hematocrit percentage, and neutrophil and
lymphocyte counts. The study used ACR (Farouk et al.
2021). The findings of Lebda et al. (2015) support the
presence of low levels of red blood cells (RBC),
hemoglobin (Hb), and hematocrit. The researchers
emphasize that the ACR binding to Hb causes changes in
hemogram parameters by depleting a portion of the Hb
molecules. This process produces adducts that reduce the
amount of hemoglobin in the bloodstream, potentially
contributing to anemic conditions. ACR can lower the
amount of Hb in the blood by chemically attaching to
cysteine residues and combining with Hb's sulfhydryl
group to form compounds (Barber et al. 2001).
Furthermore, the reticuloendothelial system may
sequester iron instead of releasing it to stimulate red
blood cell production in the bone marrow. This is due to
ACR-induced inflammation, which alters iron recycling
(Mahmoud et al. 2016).

It has also been reported that after ACR
application, changes accompanied by a decrease in the
physicochemical properties of biological membranes are
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observed (Tarskikh 2006). Rivadeneyra-Dominguez et al.
(2018) showed that erythrocyte, hemoglobin, hematocrit,
MCYV, and leukocyte levels decrease, supporting previous
reports (Ghorbel et al. 2015; Benziane et al. 2019)
showing similar microcytic anemia in rats treated with 25
and 50 mg/kg acrylamide. They report that platelets were
reduced only in rats treated with 50 mg/kg. In their study,
Mahmood et al. (2016) reported that most of the
hematological parameters in the groups treated with ACR
did not show a significant change compared to the control
group, but they reported that the levels of MCH, MCV,
platelet, and HCT were significantly higher than the
control group. Imai and Kitahashi (2014) observed a
decrease in RBC and HCT, which caused experimental
acrylamide toxicity. In a previous study, it has been
argued that the hematological changes (reduction in RBC
and Hb and increased MCV) reported in rats and mice are
associated with bone marrow toxicity of acrylamide
(Paulsson et al. 2005).

White blood cells (WBC), also called
leukocytes, are the most important elements of the
immune system. In the study of Mahmood et al. (2016),
in which they investigated ACR toxication, they
determined that the number of leukocytes in the
intoxicated group was significantly higher than in the
untreated rats (p <0.05). Mahmood ef al. (2016) found in
their study that the total number of WBCs was
significantly higher in the ACR group than in the control
group and showed the activation of the immune system,
which can also be considered as the incidence of
inflammation. Similarly, Ghorbel et al. (2015) also
reported statistically insignificant increases in the number
of WBCs. According to results from another trial, the
group receiving ACR showed higher WBC counts and
lower RBC, HB, and blood platelet (PLT) counts in
comparison to the control group (Raju et al. 2015)The
increase in the number of WBCs we determined in this
study is consistent with the above data. Researchers
interpret this as indicating that the immune system is
activated by the ACR and indicates the presence of
inflammation. On the other hand, there are also studies
that reported that the decrease determined in total WBC
may be due to the rapid destruction and decreased
production of  leukocytes related  to the
immunosuppressive effect of ACR (Lebda ef al. 2015). It
has been reported that WBC, lymphocytes, and
monocytes decreased in female BALB/c mice
administered 36 mg/kg ACR for 30 days (Fang ef al.
2014). Bousalham et al. (2015) reported that although
there is an increase in the number of eosinophils, there is
no significant change in other hematological parameters
(WBC, monocytes, basophils, and platelets).

In this study, it was determined that NS oil
applied to animals exposed to ACR experimentally
reduced the decrease in some hematological parameters
(erythrocyte count, hemoglobin amount, hematocrit
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value, MCV and platelet count) compared to the
experimental group (ACR), which administered
toxication. The positive effect of NS on the parameters of
the animals treated with ACR should be due to its
effective antioxidant properties. This is because NS is
considered a powerful systemic radical scavenger. The
beneficial effect of NS on hematological parameters may
be because it blocks oxidative damages in DNA and
reduces glycation of membrane proteins reduces lipid
peroxidation and prevents free radical formation related
to inhibition of some enzymes (Karimi et al. 2019).

ACR at a level similar to LD50 may play
important roles in controlling immunological responses
and encouraging the maturation of naive T cells into Th2
lymphocytes during the early immune response,
according to Descamps-Latscha and Witko-Sarsat (1999).
In their study, Benzianea et al. (2019) observed an
increase in the population of monocytes and macrophages
following the application of ACR at a concentration of 10
mg/L or LD50. These immune cells regulated their
immune responses by releasing substantial quantities of
cytokines (Benziane et al. 2019). Zaidi et al. (1994)
conducted a study using a rat model to investigate the
immunotoxic effects of ACR. They found that ACR
causes a reduction in the number of lymphocytes in the
bloodstream. This decrease in lymphocytes may be
attributed to the suppression of both humoral and cell-
mediated immunity by ACR. Benzianea et al. (2019)
observed notable elevations in leukocyte and lymphocyte
levels, which were found to be dose-dependent in relation
to ACR toxicity. In their study, Benzianea et al. (2019)
observed a rise in Kupffer cells and an augmentation in
pigment accumulation. Kupffer cells are a type of
macrophage, and the liver serves as the primary reservoir
for macrophages in the body. According to their findings,
the count of eosinophilic polynuclear cells, which are
cells that promote inflammation, decreased. In the initial
immune response (which is boosted by the administration
of ACR at a concentration of 10 mg/L or LD50), these
cells are thought to be essential for regulating immune
responses and supporting the maturation of naive T cells
into Th2 lymphocytes, as well as into B lymphocytes in
subsequent immune responses. Monocytes and
macrophages, which experience an increase following the
implementation of ACR, secrete substantial quantities of
cytokines, thus playing a crucial role in the regulation of
immune responses (Benziane ef al. 2019).

According to Gul ef al. (2007), studying and
assessing lymphocyte enzymes can offer valuable
insights into the operational condition and development
of the immune system. This information can be beneficial
for diagnosing immune system disorders. ANAE, an
enzyme found in lysosomes, is believed to be accountable
for the cytotoxic effects of T-lymphocytes and the
phagocytic activity of monocytes (Donmez et al. 2019).
This enzyme has been observed in fully developed,
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immune-competent T-lymphocytes of various species
(Basso et al. 1980; Donmez Hasan Hiiseyin et al. 2007,
Donmez H. H. and Sur 2008; Donmez N et al. 2016;
Kisadere et al. 2022). Prior research has collected data
regarding the immediate harmful effects on the immune
system caused by large amounts of acrylamide. Several
studies have reported notable decreases in the weight of
lymphoid organs, particularly the mesenteric lymph
nodes, spleen, and thymus (Zaidi ef al. 1994; Yener et al.
2013; Fang et al. 2014; Zamani Ehsan et al. 2017,
Zamani E. et al. 2017). A study utilizing ACR revealed a
significant dose-dependent decrease in the number of
alpha-naphthyl acetate esterase (ANAE) positive
lymphocytes in both ileal Peyer's plaques and peripheral
blood of all animals treated with acrylamide (Yener et al.
2013). In their study, Fang et al. (2014) found that
administering acrylamide at doses of 4, 12, and 36
mg/kg/day for 30 days resulted in a significant decrease
in the weight of the spleen and thymus in mice. They
were investigating the toxic effects of acrylamide and
observed a reduction in hematopoietic stem cells in mice
given the highest dose of acrylamide (36 mg).
Additionally, they noted significant changes such as the
narrowing of germinal centers in the lymph nodes and the
disappearance of germinal centers in the spleen (Fang et
al. 2014). According to the same study, the researchers
contend that the use of ACR resulted in an increase in the
number of T-lymphocytes (CD3+, CD19-), while causing
a decrease in the numbers of NK cells (CD3-, CD49-)
and B lymphocytes (CD3-, CD19+). Academics contend
that acrylamide exerts a harmful impact on both the
cellular and humoral immune response. The data
collected in this study indicate a significant increase
(P<0.05) in ANAE positive lymphocytes following the
application of ACR. Although the total number of
lymphocytes decreased in rats treated with ACR, there
was an increase in T lymphocytes relative to B
lymphocytes. This indicates that the organism responds to
ACR by enhancing its cytotoxic activity in peripheral
blood, rather than boosting its humoral immunity. The
decrease in B lymphocyte ratio may indicate the
migration of these cells from the peripheral blood to the
secondary lymphoid organs, where they increase their
activities. According to Fang et al (2014), the
administration of high doses of ACR resulted in an
increase in the level of serum immunoglobulin, despite a
decrease in B lymphocytes in the peripheral blood.

The alteration in the leukogram can be ascribed
to the immunotoxic impact of ACR, resulting in a
reduction in immune blood cells (Zamani E. et al. 2017).
Our study found that the group treated with ACR
experienced a decline in all hematological parameters,
while N. Sativa approached the values seen in the control
group. These findings align with previous studies
conducted by Eze ef al. in 2019.The enhancement in both
hemogram and leukogram can be ascribed to an
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augmentation in the erythropoiesis process, along with
the robust antioxidant and anti-inflammatory properties
of N.Sativa, which could potentially induce a favorable
immune response (Karimi et al. 2019).

Conclusion: This research validates the impact of ACR
on certain hematological and immunological markers.
However, more research is required to determine the
specific component of the immune system that is most
impacted and to investigate the activity of genes
responsible for the observed variances in immunological
response. Furthermore, the findings of this research
demonstrate that N. Sativa oil has a safeguarding effect
against the harmful effects generated by acrylamide in
rats.

Availability of data: The authors verify that the data
substantiating the conclusions of this research may be
found in the journal itself and its additional resources.
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