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Thymoquinone (TQ) has been widely used in tra-
ditional medicine for the treatment of many diseases 
to support the circulatory and immune systems and to 
protect general health (40). The main natural source of 
TQ is Nigella sativa, whose seeds are widely known 
as black cumin (20). In particular, studies have shown 
that TQ has antioxidant, anti-inflammatory, and im-
munomodulatory activities. TQ is known to increase 
the amount of T and B cells in the body and contribute 
to cellular and humoral immunity (39). TQ has a pro-
tective effect on multiple cells, tissues, and organs 
against oxidative damage (15). TQ plays an essential 
role in antioxidant defense by increasing the activ-
ity of superoxide dismutases (20). In studies on the 
immunomodulatory effects of TQ, a dose-dependent 
increase in the proliferation ability of splenocytes has 
been detected. In addition, it is also known that TQ has 
increased cytokine synthesis in Th2 and has a stimulat-
ing effect on natural killer cells (3). The effect of TQ on 
antigen-specific CD8+ lymphocytes occurs by stimu-
lating interferon-gamma (IFN-γ) synthesis. It is known 
that this effect is beneficial in increasing the activity of 
T lymphocytes and adaptive immunity (39). Different 

dosing regimens of TQ delivered by intraperitoneal, 
intravenous, or intragastric routes were examined in 
animal experiments for their efficacy models (20).

Mast cells, which are scattered along both the ex-
ternal and internal surfaces of the body, are among the 
first cells in the defense mechanism against foreign 
substance entry (45). They function as innate immune 
sentinels for foreign matters in connective and muco-
sal tissues (2). Mast cells are divided into subgroups 
considering their histochemical differences as mucosal 
mast cells (MMC) and connective tissue mast cells 
(CTMC) (19). Secretion granules in the cytoplasm 
of mast cells contain cytokines such as interleukin-4  
(IL-4) (34) and interferon-gamma (IFN-γ) (19). Based 
on the types of neutral proteases found in their cyto-
plasm, MCs are divided into two subgroups: tryptase 
positive mast cells (MCT) and chymase positive mast 
cells (MCTC) (18). It was also reported that they can 
function as antigen-presenting cells by processing 
bacteria and antigens (17). Mast cell products are 
also involved in the control of adaptive immune re-
sponses. For example, dendritic cells and effector T 
cells can migrate to the infection site and lymph nodes 
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in response to cytokines and chemokines produced 
by mast cells (46). Studies have shown that TQ may 
cause an increase (28) or decrease in mast cell count 
(8) and block histamine secretion depending on the 
disease and symptoms (1). By regulating the synthesis 
of nuclear factor kappa B and tumor necrosis factor-
alpha, TQ can reduce the pro-inflammatory response 
in lipopolysaccharide-activated mast cells (10). In ad-
dition, in a stomach mucosal damage model, TQ has 
also been found to prevent the increase in mast cell  
count (25).

Chymase is known to stimulate homeostasis by lim-
iting the toxicity of toxic endogenous peptides (33). 
Chymase also stimulates neutrophil and eosinophil 
migration and suppresses some pro-inflammatory 
cytokines (31). IFN-γ, a proinflammatory cytokine, 
is known to regulate hematopoietic cell maturation, 
differentiation, activation and apoptosis (38). It also 
plays an important and effective role in T helper cell 
1 differentiation and response to allergens (41). IL-4 
is a cytokine that is a potent regulator of the immune 
system which is secreted primarily by mast cells, 
eosinophils and basophils (22). IL-4 can regulate 
proliferation and differentiation in distinct cell types 
among hematopoietic and non-hematopoietic origin 
cells (30). IL-4 was shown to be an important player in 
leukocyte survival under physiological and pathologi-
cal conditions (35).

It is known that Nigella sativa has protective and 
healing effects on tissues and systems. Although there 
are studies showing the association between TQ and 
mast cells in the spleen, the number of studies investi-
gating immunohistochemical characteristics and their 
heterogeneity is limited. In addition, there are few 
studies on the effects of TQ on cytokines released by 
mast cells in the spleen. The aim of this study is to 
investigate the effects of the application method and 
dose of TQ on the numerical distribution of mast cells 
in the spleen. In addition, it was also aimed to immuno-
histochemically examine the possible effects of TQ on 
the expression of MCTC and IL-4 and IFN-γ cytokines, 
which are known to be secreted by mast cells.

Material and methods
The experimental protocol and all animal procedures 

were approved by the Experimental Ethics Committee 
(Experimental protocol number No: 14.07.2015/48-51). 
35 Sprague Dawley adult female rats were used as the study 
material. The rats were engaged under standard experimen-
tal laboratory conditions (temperature: 24°C; dark/light 
cycle: 12/12 hours; free access to food and water; relative 
humidity: 60%). TQ was obtained from Sigma-Aldrich 
(274666). The rats were randomly assigned to five groups. 
The first group: 1 ml/kg dose of TQ prepared at 1/1 (v/v) 
of ethanol and saline was intraperitoneally (IP) injected 
regularly in the rats daily for 42 days. The second group: 
2 ml/kg dose of TQ prepared at 1/1 (v/v) of ethanol and 
saline was IP injected regularly in the rats daily for 42 days. 

The third group: 10 mg/kg dose of TQ was administered 
orally with the aid of a gavage probe. The fourth group: 
20 mg/kg dose of TQ was administered orally with the aid 
of a gavage probe. The fifth group was the control group in 
which no intervention was made. The rats in all groups were 
sacrificed after 42 days, and their spleen tissues were taken. 
The spleens of the rats were fixed in a 10% formaldehyde 
solution for histological examinations. Following this, they 
were embedded in paraffin blocks after undergoing routine 
tissue processing procedures.

Mast cell histochemistry. 10 series of 5-µm-thick sec-
tions were taken from the blocks at 30-µm intervals. They 
were stained with toluidine blue (0.5% and pH = 0.5) for 
10 minutes. In order to determine the subtypes of mast 
cells, 5-µm-thick sections with 30-µm intervals were taken 
from each block and stained with the Alcian Blue/Safra-
nin O (AB/SO) combined staining method (11).

In the serial sections prepared to determine the numerical 
distribution of mast cells, cell counts were performed with 
a 100-square ocular micrometer (eyepiece graticule). The 
mast cells in the 100 square units of the ocular micrometer 
were counted at a magnification rate of × 40. Cell count was 
performed at 10 different, randomly selected areas of the 
sections taken from the spleens, and the arithmetic mean 
of the results was taken. All data obtained by calculating 
the square of 100-square ocular micrometer for × 40 lens 
magnification with the help of a micrometric slide were 
turned into mast cell numbers within a unit area of 1 mm2 
(45). The SPSS program was used in the comparison of the 
mast cell counts between the groups, and one-way ANOVA 
was conducted (16). The results were assessed with a mini-
mum 5% error margin.

Immunohistochemistry. 5-µm-thick spleen sections 
taken from paraffin blocks were stained immunohisto-
chemically by using the anti-rabbit polyclonal chymase 
(1/200 dilution) (Biorbyt, orb11030), rabbit monoclonal 
IL-4 (1/750 dilution) (Shanghai YL Biotech, YID2904) and 
rabbit monoclonal IFN-γ (1/500 dilution) (Shanghai YL 
Biotech, YID2791) primary antibodies with the Streptavi-
din biotin complex method (43). A Histostain Plus (Zymed 
kit: 85-6743) kit was used as the secondary antibody. After 
deparaffinization, the sections were heated in a microwave 
oven at 700 watts inside a citrate buffer (pH: 6) solution 
for proteolysis. In order to block endogenous peroxidase 
activity, the tissues were incubated in a 3% hydrogen per-
oxide solution. Following washing with a phosphate buffer 
solution (PBS), the serum in the kit was instilled to prevent 
nonspecific protein binding in the sections. The primary 
antibody was applied to the sections, and the sections 
were stored at +4°C overnight. Only the PBS solution was 
instilled on the negative control group tissues. Following 
the washing procedure, the biotinylated secondary anti-
body was instilled into the sections and incubated in the 
streptavidin-HRP complex after washing. As the last stage, 
3,3’-diaminobenzidine (DAP) was used as a chromogen, 
and the preparations were covered with Entellan by coun-
terstaining performed with hematoxylin.

MCTC, IL-4 and IFN-γ positive cell distribution was eval-
uated semi-quantitatively. Semiquantitative assessment was 
made as: no positive cells in the scanned area (–), 1-2 cells (±),  
3-4 cells (+), 5-6 cells (++), and 7 and more cells (+++).
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Results and discussion
Histochemical findings
Toluidine blue staining. In the light microscopic ex-

amination, it was determined that the mast cells in the 
spleen were stained metachromatically with toluidine 
blue, and their granules could not be selected individu-
ally. The nuclei of the cells were found to be covered by 
granules in most cells. When the locations of the mast 
cells in the spleen were examined, it was noteworthy 
that they were localized in the sinuses of the red pulp, 
where they were found especially around the blood ves-
sels. Moreover, mast cells were observed infrequently 
in the subcapsular area. The lowest numbers of mast 
cells were seen in the white pulp of the spleen. In our 
study, mast cells were rarely seen in the lymph follicles 
in the white pulp. Mast cells, which were located indi-
vidually in the white pulp, were mostly seen separately 
or in groups in the red pulp (Fig. 1).

When the groups were evaluated within themselves, 
the lowest number of mast cells was detected in the 
group administered TQ at a dose of 20 mg/kg by oral 
gavage. It was determined that the numbers of mast 
cells in the control group and the group treated with 
TQ at a dose of 2 ml/kg intraperitoneally were close 
to each other. The change in the number of mast cells 
in the spleens of the rats in the control group, group 1 
and group 2 was not statistically significant (P > 0.05). 
A statistically significant change was observed between 
group 3 and group 4 and the fifth group (P < 0.05) 
(Tab. 1).

Fig. 1. (A) Group 1, (B) group 2, (C) group 3, (D) group 4, toluidine blue staining; arrow: metachro-
matic mast cells, white pulp (wp), arteria centralis (ac), original magnification × 40; range bar, 10 µm

Tab. 1. Mast cell counts after staining with toluidine blue in 
five groups

Groups n x ± Sx

1 ml/kg (IP) 7 17.35 ± 0.13

2 ml/kg (IP) 7 15.43 ± 0.89

10 mg/kg (Orally) 7 12.32 ± 0.01*

20 mg/kg (Orally) 7 11.25 ± 0.74*

Control group 7 16.09 ± 0.62

Explanation: * – statistically significant compared to control 
group; P < 0.05

Tab. 2. MCTC, IL-4, and IFN-γ positive cell semiquantitative 
distribution

1 ml/kg 
(IP)

2 ml/kg 
(IP)

10 mg/kg 
(Orally)

20 mg/kg 
(Orally)

Control 
group

MCTC + + + ± +

IL-4 +++ +++ ++ ++ +++

IFN-γ +++ ++ + + +++

Explanations: no positive cell (–), 1-2 cells (±), 3-4 cells (+), 5-6 
cells (++), 7 and more cells (+++)

AB/SO combined staining. In Alcian blue/safra-
nin O combined staining conducted to determine the 
subtypes of mast cells, blue AB (+), red SO (+) and 
red-blue AB/SO (+) (mixed) mast cells were observed 
in all groups in the red pulp of the spleen tissue. It was 
significant that SO (+) mast cells were found more fre-
quently in the subcapsular area of the spleen (Fig. 2).

Immunohistochemical findings
Chymase-pos- 

itive mast cells. 
The distribution 
of MCTCs obtained 
from immunohis-
tochemical chy-
mase staining in 
the spleen tissues 
is given in Table 2. 
In all groups, it 
was observed that 
MCTCs were local-
ized in the red pulp 
of the spleen. Very 
rarely, MCTCs were 
found to be located 
on the edge of the 
lymph follicles in 
the areas of the 
white pulp in the 
spleen (Fig. 3). As 
a result of chymase 
staining, in the 
comparison be-
tween the TQ and 
control groups, 
no change was 
observed in the 



Med. Weter. 2021, 77 (10), 484-490 487

numbers of MCTCs 
in the 1, 2, 3 and 
control groups. 
Numerically, the 
least MCTCs were 
seen in the group 
given TQ at a dose 
of 20 mg/kg by 
oral gavage.

Interleukin-4 
expression. To 
evaluate the dis-
tribution of IL-4 
cytokine expres-
sions, the spleen 
t i s s u e s  w e r e 
stained with the 
anti-IL-4 antibody. 
The details of the 
i m m u n o h i s t o -
chemical reactions 
and comparison 
of the groups are 
shown in Table 2. 
Few immunohis-
tochemical reac-
tions of IL-4 in 
the white pulp 
were found in all 
groups. Immune-
reacting cells were 
observed, espe-
cially as a group. 
Intracytoplasmic 
stained IL-4 ex-
pression was seen 
between the lymph 
follicles and the 
lymphatic cord in 
the red pulp ar-
eas of the spleen 
(Fig. 4). It was 
determined that 
the IL-4 positive 
stained cell den-
sity in the 3rd and 
4 th experiment 
groups with TQ 
applied decreased 
in comparison to 
the other groups.

I n t e r f e r o n -
gamma expres-
sion. The spleen 
samples  were 
analyzed for im-
munohistochemi-
cal localization of 

Fig. 3. Chymase immunostaining (A) group 1, (B) group 2, (C) group 4, (D) group 5, arrow: chyma-
se-positive mast cells, white pulp (wp), red pulp (rp), arteria centralis (ac), original magnification × 
40; range bar, 10 µm

Fig. 2. (A) Group 1, (B) group 2, (C) group 3, (D) group 4, alcian blue/safranin O combined staining 
method; arrow: mast cells, original magnification × 40; range bar, 10 µm
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IFN-γ. The details 
of the immuno-
histochemical re-
actions of IFN-γ 
expression in the 
spleen are shown 
in Table 2. In the 
rat spleens in the 
groups with dif-
ferent doses of TQ 
application and 
the control group, 
rare immune re-
actions of IFN-γ 
were observed in 
the lymph fol-
licles and the lym-
phatic cord that 
formed the white 
pulp. Cells stained 
with IFN-γ were 
detected in the 
groups in the red 
pulp of the spleen 
(Fig. 5). Our im-
munohistochemi-
cal analysis indi-
cated that IFN-γ 
expressions were 
weak in groups 
3 and 4. No sig-
nificant changes 
were observed in 
the IFN-γ immune 
reaction in the 1st, 
2nd and control 
groups.

In this study, 
the effects of TQ 
dose and/or meth-
od of administra-
tion on mast cell 
density and chy-
mase, IL-4, IFN-γ 
expressions were 
investigated in rat 
spleens. The re-
sults of this study 
showed that TQ 
may be effective 
on IL-4 and IFN-γ 
cytokine expres-
sion, especially 
when given orally. 
Another impor-
tant finding of this 
study was that 
mast cell numbers 

Fig. 4. Interleukin-4 immunostaining (A) group 1, (B) group 2, (C) group 4, (D) group 5, arrow: IL-2 
positive cells, white pulp (wp), red pulp (rp), arteria centralis (ac) original magnification × 40; range 
bar, 10 µm

Fig. 5. Interferon gamma immunostaining (A) group 1, (B) group 2, (C) group 3, (D) group 5, arrow: 
IFN-γ positive cells, white pulp (wp), red pulp (rp), arteria centralis (ac) original magnification × 40; 
range bar, 10 µm
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may change with TQ administration. We also observed 
that there may be a relationship between mast cells 
and cytokines.

In studies conducted in the mice, mast cells were 
observed to be located in the white pulp (11) and 
the marginal region (37) of the spleen. Moreover, in 
human research, it was reported that mast cells are 
concentrated especially in the red pulp (9). In our 
study, the locations of mast cells, which we found as 
the subcapsular area, red pulp and white pulp, were in 
parallel with the findings of previous studies. In stud-
ies investigating the effectiveness of Nigella sativa on 
mast cells, it has been found that, in the brain of rats, 
TQ did not cause a significant increase in the number 
of mast cells in the dura mater (26) and in the cranial 
meningeal areas (27). In Kocatürk et al.’s study (28) 
on rat conjunctiva, mast cell counts were reported to 
be higher in the TQ group than those in the control 
group. Mast cells which increase in allergic diarrhea 
(8), gastric mucosa damage (25) and carbon tetrachlo-
ride poisoning (47) have been found to decrease when 
given TQ used in treatment. It may be thought that this 
decrease may have been due to the therapeutic effect of 
TQ. Although the findings we obtained were similar to 
those reported in previous studies, it was observed in 
our study that TQ caused a decrease in the number of 
mast cells in the spleen. However, it was determined 
that this decrease may vary depending on the applica-
tion method and the dose of the extract.

Two subtypes of mast cells were defined based on 
their physiological characteristics, staining charac-
teristics, functional variety and morphology. It was 
stated that CTMC was stained as SO (+) (12), while 
MMC was stained with AB (+) in the AB/SO combined 
staining method (14). The researchers reported that 
three kinds of mast cells were found to be Alcian blue-
positive, pink-red color safranin-positive, and red-blue 
color AB/SO (+) when the AB/SO staining method was 
used (45). In embryonic and newborn mouse spleen 
tissue, it has been demonstrated by studies that the 
number of AB (+) mast cells increases with the devel-
opmental process (4). Studies have reported that mast 
cell heterogeneity changes depending on hormonal 
effects (13), exposure to formaldehyde (14), and the 
administration of active ingredients such as capsaicin 
(44) and resveratrol (45). In our study, we found three 
subtypes of mast cells with SO (+), AB (+) and AB/
SO (+) staining in all experiment and control groups. 
When the groups were compared to each other, we did 
not find any difference in terms of mast cell heteroge-
neity. Based on the findings we obtained in this study, 
we postulated that TQ does not have much of an effect 
on mast cell heterogeneity.

It is known that chymase secreted from mast cells 
may also play an important role in the development of 
immune response (5). In a study on cats, MCTCs were 
detected in the spleen (36). It was reported that MCTCs, 
which are very dense in the red pulp in the spleen tissue 

of immune-deficient mice, are not found in the white 
pulp (24). Capsaicin was shown to cause a decrease in 
the number of MCTCs in rat ovarian tissue (44). In an 
experimental hyperlipidemia study, it was mentioned 
that chymase expression increased in the experiment 
group in comparison to the control group (7). It has also 
been shown that trauma, which stimulates the immune 
system, causes an increase in the number of MCTCs 
(45). It has been shown in studies that MCTCs may differ 
in their numerical density depending on different active 
ingredients and physiological conditions. Although 
our findings in the spleen tissues revealed that TQ did 
not have much effect on MCTCs numerically, a slight 
decrease was observed in the group given the 20 mg/
kg oral dose. We concluded that TQ might not have 
a direct effect on chymase expression.

Mast cell count and IFN-γ and IL-4 cytokines were 
shown to be higher in rats with hypertension (29). It 
was reported that TQ, whose anti-inflammatory effects 
were investigated in rats with allergic rhinitis, inhibits 
IL-4 expression and does not cause an increase in IFN-γ 
levels (21). It was stated that, in seasonal pollen aller-
gies in the lower respiratory tract, there is no parallel 
increase in IFN-γ and IL-4 immune positive cells or 
mast cells in the bronchial mucosa (6). In Matsuo et 
al.’s study (32), there was an increase in the number of 
mast cells and IL-4 positive cells in gastritis associated 
with Helicobacter pylori in humans. In acute toxoplas-
mosis, an increase in IFN-γ expression and mast cell 
count was reported in comparison to normal spleen 
tissue (23). Studies have shown that IFN-γ causes an 
increase in the number of mast cells in the spleen in al-
lergic diarrhea (42). In our study, it was determined that 
the lowest numbers of mast cells were in the 4th group, 
and the numbers of mast cells in the control group and 
the 1st group were close to each other. We found that the 
IFN-γ and IL-4 positive stained cell density decreased 
in the 3rd and 4th experiment groups, where TQ was 
applied, in comparison to the other groups. Our find-
ings and other studies showed that mast cell number, 
IFN-γ, and IL-4 cytokine expression might be closely 
related to an allergen, active substance, and disease 
status. We think that this decrease could be attributed 
to TQ’s immune-supportive properties. Based on the 
findings we obtained in this study, we postulated that 
mast cell numbers and IL-4 and IFN-γ cytokines in the 
spleen might have an interaction.

Taken together, these findings suggest that the ap-
plication form and dosage of TQ may be partially ef-
fective in the spleen tissue mast cell behavior. It was 
also observed that TQ might affect the expression of 
IL-4 and IFN-γ cytokines, which are also known to be 
secreted from mast cells. In conclusion, we suggest that 
TQ may indirectly contribute to the immune system 
by affecting mast cells and cytokines. We believe that 
our results will shed light on the relationship between 
cytokines and mast cells in the spleen in response to 
TQ ingredients.
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