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Abstract
This experiment aimed to investigate the effect of dietary Nigella sativa on cell mediated immune
response. A total of eighteen male Wistar rats were divided equally into control and black seeds at 30 and
50 g/kg/diet (Sa30 and Sa50), respectively for 30 days. Weight gain, feed intake, feed conversion ratio
(FCR), cell mediated immune response was monitored after injection of 0.1 mL of 10%
phytohemagglutinin (PHA). Intumesce Index, serum total antioxidant capacity (TAC), Catalase (CAT),
Interleukin-12 (IL-12), gamma interferon (γ-IF) and tumor necrosis factor alpha (TNF-α) were determined.
Histopathological examination and immunohistochemistry of splenic caspase-3 and CD 8 were
done.  Nigella sativa signi�cantly (p<0.05) improved weight gain and FCR in Sa30 and Sa50 groups.
Signi�cant increase for Intumesce Index in Sa50 group was observed. Total TAC, CAT, IL-12, γ-IF and TNF-
αincreased signi�cantly (P<0.05) in Sa30 and Sa50 groups. Histological examination of PHA stimulated
foot pads showed more leukocytes in�ltration and edema in a dose dependent pattern. Splenic caspase-3
and CD 8 showed signi�cant (P<0.05) decrease and increase, respectively in Sa30 and Sa50
groups. Nigella sativa seeds had immunostimulatory ability through their antioxidant potential, cytokines
induction, CD 8 promotion and reducing splenic apoptosis.

Introduction
The immunostimulants enhance cell-mediated immune response by the activation of antigen-speci�c
cytotoxic T-lymphocytes, phagocytes and the discharge of several cytokines toward antigen 1 to achieve
therapeutics 2. Immunostimulant ropes to overwhelm the immunosuppressive effects of infectious
agents and stress that interface and/or harm the immune cells function 3. Diverse substances have been
displayed immunostimulatory effects which are; plants or animal derivatives, microbial products,
hormones, synthetic chemical and vitamins 4. Herb, plant extracts and animal originated products are
widely used because they are not expensive, can be easily obtained and act versus a wide-ranging
spectrum of pathogens 5. Oral administration of plant or herbal extracts as immunostimulants is
considered the most superlative method of immunostimulation 6.

Herbal medicines extracted from plants or plant extracts itself have historically been used to enhance
health. Recently, scientists have been keen on recognizing their key ingredients and comprehending their
mechanisms of action 7-10. One of them is black seed, or Nigella sativa belonging to the family
Ranunculacea that has a rich religious and historical backgrounds 11. It has been grown and used in
various parts of the world as a food additive, spice and remedy for a large variety of diseases, like
headache, bronchial asthma, nasal congestion, toothache, allergies, back pain, hypertension, obesity,
gastrointestinal troubles and numerous types of cancer 12. Also Nigella sativa seeds can minimize
fatigue 13 and depression 14 beside increasing the strength of the body 15. Moreover, Nigella sativa was
found to possess immunostimulatory effects, due to its documented components, in various
in�ammatory and immunologic diseases 16 such as experimental allergic encephalomyelitis, colitis,
arthritis 17, sensitized animals 18, asthma sufferers patients 19 and chemical war victims 20.
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Ahmed and El-Sayed 21 indicated that dietary black seeds supplementation successfully improved body
gain percentage, feed intake, serum biochemical and immunological parameters in rats. Nigella sativa
has been given numerous bene�cial properties including its ability for promoting antioxidants 22. Newly,
clinical and experimental studies have demonstrated that Nigella sativa extracts have many therapeutic
effects including; antidiabetic effect 23-25, immunomodulating properties 12,26-29, analgesic and anti-
in�ammatory activity 30-34, antitumor against various cancer diseases 35 and antiulcerogenic effects 36-

38. Nigella sativa oil showed anti-in�ammatory, anti-arthritic and anti- nociceptive activities in arthritic rats
39. In addition, modern toxicological studies have shown that crude seed extracts and some of their active
ingredients (volatile oil, thymoquinon) may have protective effects against hepatotoxicity and
nephrotoxicity caused by either chemical substances or diseases 40-44. Moreover, Nigella sativaactivates
bone marrow and immune cells 45 and increases the production of interferon 46, defending normal cells
against cell death by viruses killing 47, destroys tumor cells 48 and increases the amount of antibodies
generating B cells 17.

 The current study aimed to explore the effect of dietary Nigella sativa seeds supplementation on growth
performance parameters, FCR, Intumesce Index as an indicator for immune function in Wistar rats. This
was achieved by investigating the parameters of total antioxidant and in�ammatory cytokines, such as
total antioxidant capacity (TAC), catalase activity, interferon gamma (IF- γ), interleukin-12 (IL-12) and
tumor necrosis factor alpha (TNF-α) in rat model. Also, histopathologic changes in the popliteal lymph
node and spleen were also examined; in addition to the immunohistochemical expression of caspase 3
and CD8 in the spleen.

Materials And Methods
Herbal plants

Black seeds (100% organic Nigella sativa seeds) were bought from a local market, kept with a voucher
number 54782: 228/056/572 in Prophetic Medicine Foundation, Ismailia, Egypt. The whole seeds were
daily shriveled in a blender and mingled well with basal diet just before administration to rats.
Quantitative phytochemical constituent’s analysis of Nigella sativa seeds were done using previously
reported protocols as follow: preparation of seeds extract for quantitative phytochemical constituent’s
analysis as previously mentioned by Silahtaroglu, et al. 49.

Phytochemical analysis of Nigella sativa seeds and antioxidant activity

Phytochemical screening of phenolic compounds was done according to Oladeji, et al. 50. Total phenolic
content was estimated in Nigella sativa seeds according to Khattak and Simpson 51. The total �avonoid
content was estimated in Nigella sativa seeds extract based on the method of Nergiz and Ötleş 52. The
antioxidant activity of the seeds was assessed by the method described by Mariod, et al. 53.

Experimental animals 

http://www.scialert.net/asci/result.php?searchin=Keywords&cat=&ascicat=ALL&Submit=Search&keyword=Nigella+sativa
http://www.scialert.net/asci/result.php?searchin=Keywords&cat=&ascicat=ALL&Submit=Search&keyword=Albino+rats
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Eighteen adult male Wistar rats (105-115 g) were got from the Animal House in Suez Canal University,
Faculty of Sciences, Ismailia, Egypt. The rats were acclimated for 2 weeks in clean cages under standard
conditions and got free access to water and feed. The animals’ room was subjected to natural daylight
rhythm and adequate ventilation during the whole experimental period (30 days).

Ethical approval.

This animal experiment was carried out in accordance with EU Directive 2010/63/EU that strictly followed
to minimize suffering of animal experiments, The experimental work was approved by the Institutional
Animal Ethics Committee of Faculty of Veterinary Medicine Animal Ethics Committee, Suez Canal
University with Number: 2020041.

Experimental design and diets

Experimental rats were randomly splitted into 3 groups (6 rats in each group); control and two treatment
groups. Rats of the control untreated rat fed on a basal formulated diet (1% vitamin mixture, 2% choline
chloride, 3.5 % salt mixture, 4.7% corn oil, 5% �bers, 10% sucrose, 20 % protein, and the remainder was
corn starch up to100 %) which encountered the nutritional requirements of rats, according to Nutrient
Requirements of Laboratory Animals 54. Rats of the second (Sa30) and third (Sa50) treatments fed on
the previous basal diet plus 30 g/kg and 50 g/kg black seedpowder, respectively for 30 days. The
selected Nigella sativa seeds doses were according to Bashir et al. and Mohamed et al. 55,56.

Growth performance parameters

The feed intake and weights of each experimental animal/group were recorded at the commencement
and the end of the experimental to monitor the growth output parameters using the following formulae:

Weight gain (g rat–1) = Wf-W0.

Feed conversion Ratio (FCR) = FI/ (Wf-W0).

Where, W0 and Wf were the initial and �nal weights of the rats per group, respectively and FI was feed
intake.

Phytohemagglutinin injection and Intumesce Index

The left foot of each experimental rat/ group was injected 0.1 mL of 10% (v/v) phytohemagglutinin (PHA)
(L 9017, Sigma Aldrich, USA) in PBS. The right foot pad of the same rat was kept as control through
inoculation with 0.1 mL of PBS 57,58. The rats were kept for 24 h, then the thickness of the lateral and
dorso-ventral aspects of the left foot pad at the injection point was assessed via manual micrometer. The
same person made the injections and steps to reduce the mistake. The Intumesce Index was determined
as the measured ankle size-primary ankle size/primary ankle size.

http://www.scialert.net/asci/result.php?searchin=Keywords&cat=&ascicat=ALL&Submit=Search&keyword=Albino+rats
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Blood and tissue collection

The rats were anesthetized with tetrahydrofuran inhalation anesthesia after overnight fasting. Blood
samples were drawn, at the end of experiment, from orbital venous plexus under the effect of the latter
anesthesia in plain tubes. Sera were alienated and kept at -70 °C until analysis of antioxidants (catalase
and TAC), IF-γ, IL-12 and TNF-α.

Rats were scari�ed and the spleen was excised, microscopically examined and weighed in relation to
body weight to obtain the relative weight. Also, popliteal lymph node of PHA injected paw and PBS
injected one were excised. Both spleen and popliteal lymph nodes were �xed in a 10% neutral formalin
solution for histopathological examination and immunohistochemical detection.

Catalase activity and TAC

Catalase activity and TAC were measured in the sera by colorimetric method and following kits (K773 and
K274) instruction that were purchased from BioVision Inc., Milpitas, CA, USA.

IF-γ, IL-12 and TNF-α levels

IF-γ, IL-12 and TNF-α levels were assayed via rat enzyme linked immunosorbent assay sandwich ELISA
kit (Thermo Fisher Scienti�c, USA) according to producing company directions. IF-γ (BMS629) with
detection limit 11.0 pg/mL; Serum IL-12 (KRC0121) with detection limit <2.5 pg/mL and TNF-α levels
(BMS621) with detection limit 9.9 pg/mL. They were carefully checked for their sensitivity, specify and
reliability. Spectrophotometer and a microplate reader (Biotech, USA) were used to measure the
absorbance.

Histopathology and immunohistochemistry examination

Formalin �xed spleen and foot paws were progressively dehydrated, cleared, then submerged in para�n
wax. Numerous 5μm sections were obtained and stained with Haematoxylin and Eosin (H&E) according
to Bancroft and Gamble 59 for histopathological examination.

Immunohistochemistry of splenic caspase 3 was done using a primary antibody for caspase 3
(#PAI29157, Thermo Scienti�c Co., USA) and CD8 (Cat. No. 6A242, Santa Cruz, CA, USA) at dilution rates
1:1000 and 1:200, respectively. The procedures were performed secondary polyvalent Biotinylated
antibody according to the methodology of Zhao et al. and Elgawish et al. 60,61, respectively. The
percentages of the IHC-stained area (IHC area %) were acquired via ImageJ software as described by
Elgawish and Abdelrazek 61. Tissues were examined blindly to which group the samples belonged.

Statistical analysis

Data were tested for normality and they found to follow normal distribution. The results were presented
as the mean ± standard error of mean (SEM). The differences between groups were calculated using one-
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way analysis of variance (ANOVA) followed by Duncan post hoc multiple comparison tests (SPSS
software, version 16.0; SPSS Inc., Chicago, IL, USA) with signi�cance at P < 0.05.

Results
Phytochemical constituent analysis of Nigella sativa seeds

The standard laboratory procedures for phytochemical screening demonstrated the presence of phenolic
compounds (p-hydroxybenzoic; Catechin; Chlorogenic; Ferulic; Sinapic; p-coumaric; Kaempferol) Table
(1). The results indicated that the highest amount of phenolics was p-hydroxybenzoic (69.685 μg/g)
while the lowest amount was Kaempferol (1.277 μg/g). As shown in Table (2), the contents of Nigella
sativa seeds from total phenol compound were 2.077 mg equivalents to Gallic acid , total �avonoid
contents is 0.565 mg equivalents to catechin and the 2,2‐diphenyl‐1‐picrylhydrazyl (DPPH) scavenging
activities of black seeds was 1.367 g equivalents to Trolox.

Table (1): Phenolic pro�le (μg/g) of black seeds (Nigella sativa)

Compound Contents (μg/g)

p-hydroxybenzoic 69.685

Cateachin 32.824

Chlorogenic acid 2.554

Ferulic acid 6.628

Sinapic 21.979

p-coumaric 45.147

Kaempferol 1.277

   

 

Table (2): Total phenols content, �avonoid content and DPPH activity in black seeds extract (Nigella
sativa)

  Total Phenols

(mg GAE/g)

Total Flavonoids

(mg CE/g)

DPPH

(mg TE/g)

Black seeds 2.077 0.565 1.367

 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3111691/table/T0004/
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Values of Total Phenols content were manifested as Gallic acid equivalents (GAE). Total �avonoid
contents were expressed as catechin equivalents (CE). The 2,2‐Diphenyl‐1‐picrylhydrazyl (DPPH)
scavenging activities of black seeds were equivalent to Trolox (TE).

Growth performance parameters:

There was no mortality or change in the behavior during the study. Nigella sativa positively affected the
growth performance of rats. Rats given dietary Nigella sativa 30 and 50 mg/kg, respectively,
demonstrated signi�cant (P<0.05) promotion in weight gain than control rats. Analysis of data revealed
that FCR was signi�cantly affected by the Nigella sativa. Rats received Nigella sativa 30 and 50 mg/kg
basal diet showed signi�cant (P<0.05) reduction in FCR than control group (Table 3).

Table (3): Growth performance of rats, relative spleen weight and Intumesce Index of Nigella sativa seeds
fed groups (30 and 50 g/kg) and control

Treatment

Groups

Weight
gain (g)

Average Food
intake per week (g)

Feed conversion
ratio (FCR)

Relative Spleen
weight (%)

Intumesce

Index

Control 23.00±4.3
b

367.50±34.5 17.39±1.9b 0.46±0.02b 0.02±0.01b

Sa30 37.10±3.9
a

390.81±32.4 10.86±1.9a     0.49±0.01b 0.04±0.02ab

Sa50 39.00±2.5
a

460.60±26.0 12.67±1.1a     0.60±0.03a 0.06±0.01a

 

Data are presented as mean ± SE, n=6 per group. Means within the same Colum carrying different
superscript letters are signi�cantly different performed by one-way ANOVA, followed by Duncan post hoc
analysis P < 0.05 (Sa30: Nigella sativa fed group 30 g/kg diet & Sa50: Nigella sativa fed group 30 g/kg
diet).

Relative weight of the spleen

There was no noteworthy �nding in the spleen external appearance. The relative weight of the spleen in
the sa50 rats signi�cantly (P< 0.05) improved than those of the control group. Relative weight of spleen
did not differ in 30 g/ kg black seeds fed group than control rats (Table 3).

Intumesce Index

There was a signi�cant (P < 0.05) increase in Intumesce index of ankle of rats fed 50 g/kg Nigella sativa
for 30 days compared to control groups. However, 30 g/kg black seeds fed group was non-signi�cantly
differed than control and 50 g/kg black seeds fed groups (Table 3).
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Catalase and TAC

Serum catalase activity revealed signi�cant (P <0.05) increase in Sa30 and Sa50 groups than control.
Also, serum TAC was signi�cantly increased (P<0.05) in Sa30 and Sa50 groups than control (Table 4).

IF-γ, IL-12 and TNF-α levels

The serum levels of IF-γ, IL-12 and TNF-α in in Sa30 and Sa50 groups exhibited signi�cant (P<0.05)
promotion than control one (Table 4).

Table (4): Interferon gamma (IF-γ), interleukin- 12 (IL-12), tumor necrosis factor alpha (TNF-α), , total
antioxidant capacity (TAC) levels and catalase activity of Nigella sativa seeds fed groups (30 g/kg & 50
g/kg) and control

Treatment Cytokines parameters Antioxidant parameter

IF-γ (pg/mL)          IL-12 (pg/mL) TNF-α (pg/mL) TAC (mmol/l) CAT (mmol/l)

Control 461.8±3.9c 12.89±0.1c 6.83±0.03c 0.864±0.003c 3.85±0.01c

Sa30 566.5±6.2b 15.72±0.1b 8.804±0.1b 1.070±0.03b 4.27±0.03b

Sa50 627.5±1.9a 20.89±0.1a 11.17±0.1a 1.31±0.02a 4.87±0.01a

 

Data are presented as mean ± SE, n=6 per group. Means within the same Colum carrying different
superscript letters are signi�cantly different performed by one-way ANOVA, followed by Duncan post hoc
analysis P < 0.05 (Sa30: Nigella sativa fed group 30 g/kg diet & Sa50: Nigella sativa fed group 30 g/kg
diet).

Spleen histopathology and histomorphometry

Microscopical examination of control and Nigella Sativa treated spleens revealed no histopathological
lesions in normal white and red pulps separated by marginal zones. The white pulp consists of follicle
with pale germinal center and peripherally located central arterioles (Fig. 1). Histomorphometric analysis
of 30 and 50 g/kg Nigella Sativa spleens showed that area of the white pulp, periarterial lymphoid sheath
and the germinal center showed signi�cant increase compared to the spleen of control rats (Fig. 1) that
appeared to be dose dependent.

The CD8 protein expression appeared as brownish color in splenocytes. Spleen of control group showed
very weak expression of CD8 expression. In contrast to spleen of Sa30 and Sa50 groups showed more
expression pattern compared to control group (Fig. 2). The percent area of positive Immunohistochemical
expression of splenocytes containing CD8 signi�cantly (P<0.05) increased in Sa30 and Sa50 groups
compared to control groups.
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On the other hand, spleen of control group showed a strong expression of caspase 3 expression that was
represented by brown coloration. In contrast to spleen of Sa30 and Sa50 groups showed more decrease
to the expression pattern of caspase 3 protein compared to control group (Fig. 3). The percent area of
positive Immunohistochemical expression of splenocytes containing caspase 3 protein signi�cantly (P <
0.05) decreased in rats fed (30 and 50) g/kg Nigella sativa seeds daily for 30 days compared to control
groups.

The popliteal lymph node of control group injected with PHA Fig. 4 (A&D) showed a reduction in the width
of the cortex. The lymphoid follicle with a pale staining area (germinal center) was poorly demarcated.
Reactive in�ammatory hyperplasia of the lymph node showed a slight increase in the number of
lymphocytes seen extending to the medulla and dispersed throughout the whole section. Severe
degeneration with mild necrotic area and lymphatic sinus ectasia were also observed. The histological
inspection of the popliteal lymph nodes of Sa30 Fig. 4 (B&E) and Sa50 Fig. 4 (C&F) groups showed
medullary lymphoid hyperplasia with a slight increase in the number of lymphocytes that were seen
extending to the medulla and distributed throughout the whole section. Sa50 lymph nodes showed
parafollicular hyperplasia.

The footpad 24 hours after PHA injection Fig. 5 showed the control footpad with marked cellular diffuse
in�ltration in the connective tissue with edema in the dermis. In the other hand, the footpad of male rats
fed Nigella sativa seeds showed an increased in the in�ammatory response with an increase of
lymphocyte in�ltration and edema in the dermis when matched with control group.

Discussion
Nigella sativa seeds are one of the most frequently used plants in traditional medicine. They play a
signi�cant role as anti-in�ammatory 62, antioxidant 63,64 agents and immunological activator 65. Some
researchers have demonstrated that Nigella sativa has in�uences on the immune system; it could
increase the antibody response 66 and ameliorate in�ammation 67,68 as well as immunological attacks
69. Therefore, the current study investigated the cellular mediated immunomodulatory action of Nigella
sativa seeds on male adult Wister rats with their in�uence on performance. To the best of our knowledge,
current study is the �rst study presuming experimental evidence that dietary Nigella sativa has
immunomodulatory properties against 10% PHA in rats. Additionally, no studies have described the
immune response to the PHA skin test in rat fed Nigella sativa seeds.

Analyses of Nigella sativa seeds showed a strong antioxidant free radical DPPH scavenging action which
may be attributed to the high levels of phenolic and �avonoid constituents. Similarly, Adetuyi and Ibrahim
70, Hameed et al. 71, Hirose et al. 72 and Zhang et al. 73 found the DPPH function associated with
the phenolic and �avanoid components.

Nigella sativa seeds fed groups showed a signi�cant improvement in �nal body weight and FCR relative
to control group. Nigella sativa seeds greatly improved growth performance. This growth performance

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5192325/figure/fig6/
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promotion could be due to the nutritional value of Nigella sativa key components which contain high
fatty acid percentages and essential amino acids 74-76. Moreover, Nigella sativa contributes an enhancing
effect to digestive enzymes 77,78 and gastrointestinal motility 79 thus, improving feed utilization and FCR.
The previous results were in harmony with Dollah et al. 80 and Ahmed and El-Sayed 21.

Spleen represent enlarged lymphatic tissue which responsible for clearance of the damaged old particles
of the body and foreign particles from the blood 81. In the present study, dietary Nigella sativa seeds were
found to increase relative splenic weight at dose 50 g/kg. Moreover, the splenic histomorphometry of
both Sa30 and Sa50 groups was signi�cantly higher than control. These results harmonized with
Ghonime et al. 45 as Nigella sativa was proven to have lympho- regenerating effect in lymphoid organs 82.
This illustrates its role in increasing splenic weight.

According to our results, feeding Nigella sativa seeds had resulted in a signi�cant increase of catalase
activity and TAC rates compared with the control group. These results proposed that feeding of Nigella
sativa seeds participated in cellular protection as a source of antioxidant molecules and indirectly as a
stimulator to the activity of these enzymes 83,84. The active ingredients of Nigella sativa seeds such as p-
hydroxybenzoic acid 85, Chlorogenic acid 86, Catechin 87, sinapic acid 88. ferulic acid 89, p-coumaric acid
90 and kaempferol 91 were established to have antioxidant in�uences beside ROS scavenging potential
thus, promoting higher antioxidant enzymes level. The abolishing of oxidative stress has close
association with promotion of body weight 92. Moreover, the later antioxidant potency of Nigella sativa
seeds ingredients could be attributed to their immunostimulant effect 17,93-96. This was manifested by
increased TNF-α and IF-γ toward PHA stimulation as well as increased splenic lymphoproliferation
denoted by the increased histomorphometric parameters in Nigella sativa treated groups.

Phytohaemagglutinin (PHA) is a mitogen derived plant that provokes leucocytes recruitment in both
innate and adaptive immune responses at the place of inoculation resulting in a quanti�able tissue
swelling that could quantify such immune response 97-99. Current results demonstrated signi�cant
increase in Intumesce index of Sa50 group. These results were parallel to the observed upgrading of
cellular in�ltration, edema and lymphocytes in�ltration at PHA injected paws in Sa30 and Sa50 groups.
The increments of IF-γ, IL-12 and TNF-α in Sa30 and Sa50 groups as cellular immune promoting
cytokines were con�rmative to Nigella sativa immunostimulatory effect.

Interleukin 12 (IL-12) is a substantial immunomodulatory cytokine which is manufactured by
macrophages, dendritic cells and antigen presenting cells. The production of this cytokine during
infection adjusts innate immune responses and determines the adaptive immune responses sequence to
be elicited. Also, IL-12 can evoke the assembly of IF-γ from T helper type 1 (Th1), activated CD8 T cells
and natural killer cells that in turn, aggravates macrophages to destroy intracellular organisms 100. IF-γ
prompts the differentiation of CD4+ T cells into Th1 cells that further produces IF-γ again 101. Moreover,
IL-12 provokes TNF-α production that possesses a pivotal role in scenario of immune regulation through
monitoring lymphocyte proliferation, survival and apoptosis via paracrine/autocrine signals 102-104. The
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later function of TNF-α is concerned with maintenance of immune homeostasis and self-tolerance 105,106.
The crosstalk between innate and adaptive immune system that is arbitrated by IL-12 and IF-γ,
contributes a substantial role in infectious agent control. The present study revealed signi�cant
promotion in the levels of IF- γ, IL-12 and TNF-α in Sa30 and Sa50 groups that seemed to be dose
dependent. Present data were in harmony with Gholamnezhad et al. 107, Aljabre et al. 108, Gholamnezhad
et al. 109 and Titiek et al. 110. These results explained the cell mediated immunostimulatory effect of
Nigella sativa where IL-12 enhanced IF-γ that acted in autocrine and paracrine manner to increase CD8
cells activity. Both γ-IF and TNF-α could stimulate macrophages activity to eliminate infectious agent
111,112.

Nigella sativa seeds treated rats showed a signi�cant increase in the CD8 immunoreactivity in
splenocytes. Salem et al. 113 had shown similar results where they found that addition of thymoquinone
stimulated CD8 and markedly increased IF-γ production. Our �ndings indicate that the expression of CD8
may be linked to the activation state of the T cell when injected with PHA. CD8 cells are crucial
constituent of the cellular immune response where their frequency is increased during conditions where
the immune system is activated by infection 114 or autoimmune disease or after transplantation 115.
CD8+ T cells produce cytokines like IF-γ and TNF-α. The latter is a proin�ammatory cytokine that initiates
apoptotic gesturing and inhibits viral replication as well as gene expression 116. Also, CD8+ T cells could
directly attack and induce cytolysis to the infected targets 117,118.

Nigella sativa seeds treated rats showed a signi�cant decrease in the expression of caspase-3 splenic
immunoreactivity in a dose dependent pattern. on the same trend, Salem 12 found that spleen of treated
with Nigella sativa associated with decreasing rates of apoptosis. Numerous lines of evidence had
indicated that Nigella sativa seeds are able to modulate pro-in�ammatory cytokines as multiple cell
signaling molecules 27, apoptotic proteins 119 and antioxidants 12. Reduction of caspase 3 protein
expression in Nigella sativa seeds administered groups indicated their anti-apoptotic potential that could
be attributed to the antioxidant ingredients in them. This was manifested by the elevated TAC and
catalase activities in Nigella sativa treated groups. Moreover, the reduced splenic caspase 3 denoted
active dynamic status in such organ toward PHA injection that was augmented by the increased splenic
CD8 expression as well as serum IF-γ, IL-12 and TNF-α. This scenario was re�ected on the increased
edema and in�ltrations of in�ammatory cells in the PHA stimulated foot pads with increment in
Intumesce Index. Moreover, white pulp, periarterial lymphoid sheath and the germinal center were
signi�cantly increased in Sa30 and Sa50 groups as a re�ection of active splenic performance with lower
apoptosis.

Histological assessment of lymph nodes is crucial to comprehend the immunologic effects of chemicals
120. PHA stimulates a characteristic pattern of reaction in lymph nodes. The control group injected with
PHA has shown lymphoid follicle size reduction with medullary lymphoid hyperplasia, severe
degeneration with mild necrotic area and lymphatic sinus ectasia. The appeared histopathological
alteration of lymph node is due to its in�ammatory response to the PHA injection which trigger an
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immunologic response according to O'Dowd et al. 121.The groups Sa30 and Sa50 lymph nodes showed
medullary lymphoid hyperplasia and lymphoid follicle size reduction with less notable distortion in
architecture seen in the control sections. Hyperplasia occurs in lymph node is an acute immune response
to antigens 122. Therefore, PHA acts as antigen stimulator. Sa50 lymph nodes showed parafollicular
hyperplasia where the follicle pushed to the periphery of the node beneath of the capsule that may be a
response to the reactive hyperplasia of the lymph node 123. Nigella sativa immunologic response is
explicit dose dependent trend where the higher dose showed the least damage and more lymphocyte to
the popliteal lymph nodes tissues of the experimental rats.

With consideration to all the previous data, it seems that Nigella sativa possesses a favorable cell
mediated immune response toward PHA injection through its antioxidant active ingredients that
positively in�uenced weight gain and FCR. The effect of Nigella sativa seeds was represented by
increased IL-12 that promoted CD8 IF-γ production and TNF-α that could effectively face infectious agent.
This active immunomodulatory cell mediated immune response was accompanied with active splenic
state of increased CD8 expression and reduced caspase 3 as apoptotic marker. These were manifested
by increased lymphoid histomorphometry in spleen with increased chemotaxis and in�ammatory
reaction at the site of PHA injection. Also, popliteal lymph node of PHA injected leg showed lymphoid
hyperplasia. 

Conclusion
The existing study established that Nigella sativa seeds are useful to be introduced in foods where the
positive effect of these seeds is to boost the overall growth output parameters, FCR and immunological
response. Later effects are due to their antioxidant constituents that promoted cell mediated cytokines
production, splenic CD8 and reduced splenic caspase-3 expression. From this study Nigella sativa seeds
could be useful as a dietary supplement that has a positive modulatory effect to cell mediated
immunoresponse to disease. Thus, Nigella sativa dietary supplementation could be bene�cial in viral or
bacterial infections where cellular mediated immune response plays a pivotal role.

Declarations
Author Contributions: H.S.M., A.A.A., H.N.G.E., T.S.A., H.M.A.A. and H.E.K. conceptualization; H.N.G.E.,
H.E.K. and H.M.A.A. methodology; H.S.M. and A.A.A. analysis; H.S.M. and H.M.A.A. investigation; A.A.A.,
H.N.G.E. and H.E.K; writing – original draft; H.S.M., A.A.A., H.N.G.E., T.S.A., H.M.A.A. and H.E.K. writing –
review & editing; T.S.A. visualization; H.S.M., H.M.A.A. and T.S.A. Supervision. All authors have read and
agreed to the published version of the manuscript.

Funding: This research was funded by the Deanship of Scienti�c Research at Princess Nourah bint
Abdulrahman University through the fast-track Research Funding Program.

Con�icts of interest: The authors declare no competing interests.



Page 13/28

Acknowledgements: This research was funded by the Deanship of Scienti�c Research at Princess Nourah
bint Abdulrahman University through the fast-track Research Funding Program.

References
1 Correale, P. et al. Cetuximab±chemotherapy enhances dendritic cell‐mediated phagocytosis of colon
cancer cells and ignites a highly e�cient colon cancer antigen‐speci�c cytotoxic T‐cell response in vitro.
International journal of cancer 130, 1577-1589 (2012).

2 Pugin, J. in Novartis Foundation symposium. 21 (Wiley Online Library).

3 Bairwa, M. K., Jakhar, J. K., Satyanarayana, Y. & Reddy, A. D. Animal and plant originated
immunostimulants used in aquaculture. Journal of Natural Product and Plant Resources 2, 397-400
(2012).

4 Saxena, M., Saxena, J., Nema, R., Singh, D. & Gupta, A. Phytochemistry of medicinal plants. Journal of
pharmacognosy and phytochemistry 1 (2013).

5 Dhama, K. et al. Medicinal and therapeutic potential of herbs and plant metabolites/extracts countering
viral pathogens-current knowledge and future prospects. Current drug metabolism 19, 236-263 (2018).

6 Jeney, G., Wet, L. D., Jeney, Z. & Yin, G. Plant extracts. Dietary Nutrients, Additives, and Fish Health. John
Wiley and Sons, Inc. pp, 321-332 (2015).

7 Elsayed, D. H., El-Shamy, A. A., Abdelrazek, H. M. A. & El-Badry, D. A. Effect of genistein on semen quality,
antioxidant capacity, caspase-3 expression and DNA integrity in cryopreserved ram spermatozoa. Small
Ruminant Research 177, 50-55, doi:https://doi.org/10.1016/j.smallrumres.2019.06.009 (2019).

8 Atanasov, A. G. et al. Discovery and resupply of pharmacologically active plant-derived natural
products: A review. Biotechnology advances 33, 1582-1614 (2015).

9 El-Hak, H. N. G. & Mobarak, Y. M. Copper oxychloride–induced testicular damage of adult albino rats
and the possible role of curcumin in healing the damage. Environmental Science and Pollution Research,
1-14 (2020).

10 Gad El-Hak, H. N. & Mobarak, Y. M. The ameliorative impacts of curcumin on copper oxychloride-
induced hepatotoxicity in rats. The Journal of Basic and Applied Zoology 79, 44, doi:10.1186/s41936-
018-0059-x (2018).

11 Tembhurne, S., Feroz, S., More, B. & Sakarkar, D. A review on therapeutic potential of Nigella sativa
(kalonji) seeds. J Med Plants Res 8, 167-177 (2014).

12 Salem, M. L. Immunomodulatory and therapeutic properties of the Nigella sativa L. seed. International
immunopharmacology 5, 1749-1770 (2005).



Page 14/28

13 Shariatifar, A., Riazi, M., Ebnolelm, M. & Jahromy, M. H. Effects of Nigella sativa L. seed extract on
fatigue, blood biochemical parameters and thyroid function in male mice. Chinese Medicine 2014 (2014).

14 Hosseini, M. et al. The effects of Nigella sativa hydro-alcoholic extract and thymoquinone on
lipopolysaccharide-induced depression like behavior in rats. Journal of pharmacy & bioallied sciences 4,
219 (2012).

15 Namazi, N., Larijani, B., Ayati, M. H. & Abdollahi, M. The effects of Nigella sativa L. on obesity: A
systematic review and meta-analysis. Journal of ethnopharmacology 219, 173-181 (2018).

16 Boseila, A. & Messalam, A. Immunostimulant effect of different fractions of Nigella sativa L. seeds
against Rabies vaccine. Nat. Sci 9, 7 (2011).

17 Gholamnezhad, Z., Keyhanmanesh, R. & Boskabady, M. H. Anti-in�ammatory, antioxidant, and
immunomodulatory aspects of Nigella sativa for its preventive and bronchodilatory effects on obstructive
respiratory diseases: A review of basic and clinical evidence. Journal of Functional Foods 17, 910-927
(2015).

18 Keyhanmanesh, R., Boskabady, M. H., Eslamizadeh, M. J., Khamneh, S. & Ebrahimi, M. A. The effect of
thymoquinone, the main constituent of Nigella sativa on tracheal responsiveness and white blood cell
count in lung lavage of sensitized guinea pigs. Planta medica 76, 218-222 (2010).

19 Boskabady, M., Mohsenpoor, N. & Takaloo, L. Antiasthmatic effect of Nigella sativa in airways of
asthmatic patients. Phytomedicine 17, 707-713 (2010).

20 Boskabady, M. H. & Farhadi, J. The possible prophylactic effect of Nigella sativa seed aqueous extract
on respiratory symptoms and pulmonary function tests on chemical war victims: a randomized, double-
blind, placebo-controlled trial. The Journal of Alternative and Complementary Medicine 14, 1137-1144
(2008).

21 Ahmed, S. Y. & El-Sayed, S. A. Dietary Supplementation by some Phytogenic Substances in Albino
Rats: Their Effects on Growth Performance and Serum Interlukin-6. Pharmacology 13, 274-279 (2017).

22 Ashraf, S. S. et al. Nigella sativa Extract as a Potent Antioxidant for Petrochemical-Induced Oxidative
Stress. Journal of Chromatographic Science 49, 321-326, doi:10.1093/chrsci/49.4.321 (2011).

23 Dong, J. et al. Effects of Nigella sativa seed polysaccharides on type 2 diabetic mice and gut
microbiota. International Journal of Biological Macromolecules (2020).

24 Akhtar, M. T. et al. Antidiabetic potential of Nigella sativa L seed oil in alloxaninduced diabetic rabbits.
Tropical Journal of Pharmaceutical Research 19, 283-289 (2020).

25 Abdelrazek, H., Kilany, O. E., Muhammad, M. A., Tag, H. M. & Abdelazim, A. M. Black seed
thymoquinone improved insulin secretion, hepatic glycogen storage, and oxidative stress in



Page 15/28

streptozotocin-induced diabetic male wistar rats. Oxidative medicine and cellular longevity 2018 (2018).

26 Haq, A., Lobo, P. I., Al-Tufail, M., Rama, N. R. & Al-Sedairy, S. T. Immunomodulatory effect of Nigella
sativa proteins fractionated by ion exchange chromatography. International journal of
immunopharmacology 21, 283-295 (1999).

27 Majdalawieh, A. F. & Fayyad, M. W. Immunomodulatory and anti-in�ammatory action of Nigella sativa
and thymoquinone: A comprehensive review. International immunopharmacology 28, 295-304 (2015).

28 Boskabady, M.-H., Keyhanmanesh, R., Khameneh, S., Doostdar, Y. & Khakzad, M.-R. Potential
immunomodulation effect of the extract of Nigella sativa on ovalbumin sensitized guinea pigs. Journal
of Zhejiang University Science B 12, 201-209 (2011).

29 Gholamnezhad, Z., Rafatpanah, H., Sadeghnia, H. R. & Boskabady, M. H. Immunomodulatory and
cytotoxic effects of Nigella sativa and thymoquinone on rat splenocytes. Food and Chemical Toxicology
86, 72-80 (2015).

30 Al-Ghamdi, M. The anti-in�ammatory, analgesic and antipyretic activity of Nigella sativa. Journal of
ethnopharmacology 76, 45-48 (2001).

31 Ghannadi, A., Hajhashemi, V. & Jafarabadi, H. An investigation of the analgesic and anti-in�ammatory
effects of Nigella sativa seed polyphenols. Journal of medicinal food 8, 488-493 (2005).

32 Mutabagani, A. & El-Mahdy, S. Study of the anti-in�ammatory activity of Nigella sativa L and
thymoquinone in rats, Saudi Pharm. J 5, 110-113 (1997).

33 Alemi, M., Sabouni, F., Sanjarian, F., Haghbeen, K. & Ansari, S. Anti-in�ammatory effect of seeds and
callus of Nigella sativa L. extracts on mix glial cells with regard to their thymoquinone content. AAPS
PharmSciTech 14, 160-167 (2013).

34 Amin, B. & Hosseinzadeh, H. Black cumin (Nigella sativa) and its active constituent, thymoquinone: an
overview on the analgesic and anti-in�ammatory effects. Planta medica 82, 8-16 (2016).

35 Khan, M. A., Chen, H.-c., Tania, M. & Zhang, D.-z. Anticancer activities of Nigella sativa (black cumin).
Afr J Tradit Complement Altern Med 8, 226-232, doi:10.4314/ajtcam.v8i5S.10 (2011).

36 Mahmood, A., Fouad, A., Noor, S., Wasman, S. & Saba, F. Anti-ulcerogenic effects of Nagilla sativa in
ethanol-induced gastric injuries in rats. J Med Plant Res 5, 5577-5583 (2011).

37 Rifat-uz-Zaman, M. S. A. & Khan, M. S. Gastroprotective and anti-secretory effect of Nigella sativa seed
and its extracts in indomethacin-treated rats. Pak J Biol Sci 7, 995-1000 (2004).

38 El-Obeid, A., ELTahir, K. E. H., Elhag, H. & Haseeb, A. M. ANTI-ULCEROGENIC EFFECTS OF NIGELLA
SATIVA L. MELANIN. (2015).



Page 16/28

39 Nasuti, C. et al. Anti-In�ammatory, anti-arthritic and anti-nociceptive activities of Nigella sativa oil in a
rat model of arthritis. Antioxidants 8, 342 (2019).

40 Ali, B. The effect of Nigella sativa oil on gentamicin nephrotoxicity in rats. The American journal of
Chinese medicine 32, 49-55 (2004).

41 Uz, E. et al. Nigella sativa oil for prevention of chronic cyclosporine nephrotoxicity: an experimental
model. American journal of nephrology 28, 517-522 (2008).

42 Canayakin, D. et al. Paracetamol-induced nephrotoxicity and oxidative stress in rats: the protective role
of Nigella sativa. Pharmaceutical biology 54, 2082-2091 (2016).

43 Vahdati-Mashhadian, N., Rakhshandeh, H. & Omidi, A. An investigation on LD50 and subacute hepatic
toxicity of Nigella sativa seed extracts in mice. Die Pharmazie-An International Journal of Pharmaceutical
Sciences 60, 544-547 (2005).

44 Khan, T. A., Khan, M. N., Hasan, R., Fatima, H. & Kousar, E. Effects of Nigella sativa (Black Seed) on
serum levels of urea and uric acid in acetaminophen induced hepatotoxicity of commercial layer
chickens. Journal of World’s Poultry Research 3, 89-92 (2013).

45 Ghonime, M., Eldomany, R., Abdelaziz, A. & Soliman, H. Evaluation of immunomodulatory effect of
three herbal plants growing in Egypt. Immunopharmacology and immunotoxicology 33, 141-145 (2011).

46 Balaha, M. F., Tanaka, H., Yamashita, H., Rahman, M. N. A. & Inagaki, N. Oral Nigella sativa oil
ameliorates ovalbumin-induced bronchial asthma in mice. International immunopharmacology 14, 224-
231 (2012).

47 Salem, M. L. & Hossain, M. S. Protective effect of black seed oil from Nigella sativa against murine
cytomegalovirus infection. International journal of immunopharmacology 22, 729-740 (2000).

48 Shoieb, A. M., Elgayyar, M., Dudrick, P. S., Bell, J. L. & Tithof, P. K. In vitro inhibition of growth and
induction of apoptosis in cancer cell lines by thymoquinone. International journal of oncology 22, 107-
113 (2003).

49 Silahtaroglu, S., Güngör, S. S. U., Ilçim, A. & Kökdil, G. Fatty acid, tocopherol, mineral composition, total
phenolic, �avonoid and thymoquinone content, and antioxidant potential of Nigella stellaris. European
Journal of Chemistry 5, 263-266 (2014).

50 Oladeji, S. O., Adelowo, F. E. & Odelade, K. A. Mass spectroscopic and phytochemical screening of
phenolic compounds in the leaf extract of Senna alata (L.) Roxb.(Fabales: Fabaceae). Brazilian Journal
of Biological Sciences 3, 209-219 (2016).

51 Khattak, K. F. & Simpson, T. J. Effect of gamma irradiation on the extraction yield, total phenolic
content and free radical-scavenging activity of Nigella staiva seed. Food Chemistry 110, 967-972 (2008).



Page 17/28

52 Nergiz, C. & Ötleş, S. Chemical composition of Nigella sativa L. seeds. Food chemistry 48, 259-261
(1993).

53 Mariod, A. A., Ibrahim, R. M., Ismail, M. & Ismail, N. Antioxidant activity and phenolic content of
phenolic rich fractions obtained from black cumin (Nigella sativa) seedcake. Food Chemistry 116, 306-
312 (2009).

54 NRC. Nutrient requirements of laboratory animals: 1995. (National Academies Press, 1995).

55 Mohamed, H., El-Sayed, I. & Moawad, M. Protective effect of Nigella sativa seeds against
dimethylaminoazobenzene (DAB) induced liver carcinogenesis. Nat Sci 8, 80-87 (2010).

56 Bashir, M. U., Qureshi, H. J. & Saleem, T. Comparison of anti-in�ammatory activity of Nigella sativa
and diclofenac sodium in albino rats. Journal of Ayub Medical College Abbottabad 27, 523-526 (2015).

57 Ebaid, H. M., Elgawish, R. A. R., Abdelrazek, H. M. A., Gaffer, G. & Tag, H. M. Prenatal Exposure to Soy
Iso�avones Altered the Immunological Parameters in Female Rats. International Journal of Toxicology
35, 274-283, doi:10.1177/1091581815625595 (2016).

58 Gaffer, G. G., Elgawish, R. A., Abdelrazek, H. M., Ebaid, H. M. & Tag, H. M. Dietary soy iso�avones
during pregnancy suppressed the immune function in male offspring albino rats. Toxicology reports 5,
296-301 (2018).

59 Bancroft, J. D. & Gamble, M. Theory and practice of histological techniques. (Elsevier health sciences,
2008).

60 Zhao, X. et al. Saikosaponin A Inhibits Breast Cancer by Regulating Th1/Th2 Balance. Front
Pharmacol 10, 624-624, doi:10.3389/fphar.2019.00624 (2019).

61 Elgawish, R. A. R. & Abdelrazek, H. M. Effects of lead acetate on testicular function and caspase-3
expression with respect to the protective effect of cinnamon in albino rats. Toxicology Reports 1, 795-801
(2014).

62 Rahmani, A. H. & Aly, S. M. Nigella sativa and its active constituents thymoquinone shows pivotal role
in the diseases prevention and treatment. Asian J Pharm Clin Res 8, 48-53 (2015).

63 Kazemi, M. Chemical composition and antioxidant properties of the essential oil of Nigella sativa L.
Bangladesh Journal of Botany 44, 111-116 (2015).

64 İlhan, N. & Seçkin, D. Protective effect of Nigella sativa seeds on CCl4-induced hepatotoxicity. FÜ
Sağlık Bil Dergisi 19, 175-179 (2005).

65 Al-Suhaimi, E. A. Hepatoprotective and immunological functions of Nigella sativa seed oil against
hypervitaminosis A in adult male rats. Int J Vitam Nutr Res 82, 288-297 (2012).



Page 18/28

66 Ghasemi, H. A., Kasani, N. & Taherpour, K. Effects of black cumin seed (Nigella sativa L.), a probiotic, a
prebiotic and a synbiotic on growth performance, immune response and blood characteristics of male
broilers. Livestock Science 164, 128-134 (2014).

67 El-Dakhakhny, M., Madi, N., Lembert, N. & Ammon, H. Nigella sativa oil, nigellone and derived
thymoquinone inhibit synthesis of 5-lipoxygenase products in polymorphonuclear leukocytes from rats.
Journal of ethnopharmacology 81, 161-164 (2002).

68 Chehl, N., Chipitsyna, G., Gong, Q., Yeo, C. J. & Arafat, H. A. Anti-in�ammatory effects of the Nigella
sativa seed extract, thymoquinone, in pancreatic cancer cells. HPB 11, 373-381 (2009).

69 Mohamed, A. M., Metwally, N. M. & Mahmoud, S. S. Sativa seeds against Schistosoma mansoni
different stages. Memórias do Instituto Oswaldo Cruz 100, 205-211 (2005).

70 Adetuyi, F. & Ibrahim, T. Effect of fermentation time on the phenolic, �avonoid and vitamin C contents
and antioxidant activities of okra (Abelmoschus esculentus) seeds. Nigerian Food Journal 32, 128-137
(2014).

71 Hameed, S. et al. Characterization of extracted phenolics from black cumin (Nigella sativa linn),
coriander seed (Coriandrum sativum L.), and fenugreek seed (Trigonella foenum-graecum). International
Journal of Food Properties 22, 714-726 (2019).

72 Hirose, Y., Fujita, T., Ishii, T. & Ueno, N. Antioxidative properties and �avonoid composition of
Chenopodium quinoa seeds cultivated in Japan. Food Chemistry 119, 1300-1306 (2010).

73 Zhang, S., Zhang, L., Wang, L. & Zhao, Y. Total phenols, �avonoids, and procyanidins levels and total
antioxidant activity of different Korean pine (Pinus koraiensis) varieties. Journal of Forestry Research 30,
1743-1754 (2019).

74 Al-Jassir, M. S. Chemical composition and micro�ora of black cumin (Nigella sativa L.) seeds growing
in Saudi Arabia. Food Chemistry 45, 239-242 (1992).

75 Atta, M. B. Some characteristics of nigella (Nigella sativa L.) seed cultivated in Egypt and its lipid
pro�le. Food chemistry 83, 63-68 (2003).

76 Koç, A. et al. Therapeutic Trials of Nigella sativa. Journal of Pharmacy and Pharmacology 7, 564-577
(2019).

77 Platel, K. & Srinivasan, K. In�uence of dietary spices or their active principles on digestive enzymes of
small intestinal mucosa in rats. International journal of food sciences and nutrition 47, 55-59 (1996).

78 Platel, K. & Srinivasan, K. In�uence of dietary spices and their active principles on pancreatic digestive
enzymes in albino rats. Food/Nahrung 44, 42-46 (2000).



Page 19/28

79 Hannan, J. M. A. & Ansari, P. Nigella sativa stimulates insulin secretion from isolated rat islets and
inhibits the digestion and absorption of (CH(2)O)(n) in the gut. 39, doi:10.1042/bsr20190723 (2019).

80 Dollah, M. A., Parhizkar, S. & Izwan, M. Effect of Nigella sativa on the kidney function in rats. Avicenna
journal of phytomedicine 3, 152 (2013).

81 Papenfuss, T. L. & Cesta, M. F. in Immunopathology in Toxicology and Drug Development: Volume 2,
Organ Systems (ed George A. Parker) 37-57 (Springer International Publishing, 2017).

82 Assayed, M. E. Radioprotective effects of black seed (Nigella sativa) oil against hemopoietic damage
and immunosuppression in gamma-irradiated rats. Immunopharmacology and Immunotoxicology 32,
284-296, doi:10.3109/08923970903307552 (2010).

83 Al-Othman, A. M., Ahmad, F., Al-Orf, S., Al-Murshed, K. S. & Arif, Z. Effect of dietary supplementation of
Ellataria cardamomum and Nigella sativa on the toxicity of rancid corn oil in Rats. Int J Pharmacol 2, 60-
65 (2006).

84 Sultan, M. T. et al. Nigella sativa �xed and essential oil modulates glutathione redox enzymes in
potassium bromate induced oxidative stress. BMC Complement Altern Med 15, 330-330,
doi:10.1186/s12906-015-0853-7 (2015).

85 Farhoosh, R., Johnny, S., Asnaashari, M., Molaahmadibahraseman, N. & Sharif, A. Structure–
antioxidant activity relationships of o-hydroxyl, o-methoxy, and alkyl ester derivatives of p-hydroxybenzoic
acid. Food Chemistry 194, 128-134, doi:https://doi.org/10.1016/j.foodchem.2015.08.003 (2016).

86 Cho, A.-S. et al. Chlorogenic acid exhibits anti-obesity property and improves lipid metabolism in high-
fat diet-induced-obese mice. Food and Chemical Toxicology 48, 937-943,
doi:https://doi.org/10.1016/j.fct.2010.01.003 (2010).

87 Abolfathi, A. A., Mohajeri, D., Rezaie, A. & Nazeri, M. Protective Effects of Green Tea Extract against
Hepatic Tissue Injury in Streptozotocin-Induced Diabetic Rats. Evidence-Based Complementary and
Alternative Medicine 2012, 740671, doi:10.1155/2012/740671 (2012).

88 Shin, D.-S., Kim, K. W., Chung, H. Y., Yoon, S. & Moon, J.-O. Effect of sinapic acid against carbon
tetrachloride-induced acute hepatic injury in rats. Archives of Pharmacal Research 36, 626-633,
doi:10.1007/s12272-013-0050-5 (2013).

89 Sanjeev, S., Bidanchi, R. M., Murthy, M. K., Gurusubramanian, G. & Roy, V. K. In�uence of ferulic acid
consumption in ameliorating the cadmium-induced liver and renal oxidative damage in rats.
Environmental Science and Pollution Research 26, 20631-20653, doi:10.1007/s11356-019-05420-7
(2019).

90 parvizi, f., yaghmaei, p., haeri rohani, s. a. & Mard, S. A. Hepatoprotective properties of p-coumaric acid
in a rat model of ischemia-reperfusion. Avicenna Journal of Phytomedicine,



Page 20/28

doi:10.22038/ajp.2020.16007 (2020).

91 Zang, Y., Zhang, D., Yu, C., Jin, C. & Igarashi, K. Antioxidant and hepatoprotective activity of kaempferol
3-O-β-d- (2,6-di-O-α-l-rhamnopyranosyl)galactopyronoside against carbon tetrachloride-induced liver injury
in mice. Food Science and Biotechnology 26, 1071-1076, doi:10.1007/s10068-017-0170-7 (2017).

92 Elgawish, R. A., El-Beltagy, M. A., El-Sayed, R. M., Gaber, A. A. & Abdelrazek, H. M. Protective role of
lycopene against metabolic disorders induced by chronic bisphenol A exposure in rats. Environmental
Science and Pollution Research, 1-10 (2020).

93 Charles, D. J. in Antioxidant Properties of Spices, Herbs and Other Sources 265-271 (Springer New
York, 2013).

94 Pravansha, S., Thippeswamy, B. S. & Veerapur, V. P. Immunomodulatory and antioxidant effect of
Leptadenia reticulata leaf extract in rodents: possible modulation of cell and humoral immune response.
Immunopharmacology and Immunotoxicology 34, 1010-1019, doi:10.3109/08923973.2012.689767
(2012).

95 Thippeswamy, N. B. & Naidu, K. A. Antioxidant potency of cumin varieties—cumin, black cumin and
bitter cumin—on antioxidant systems. European Food Research and Technology 220, 472-476,
doi:10.1007/s00217-004-1087-y (2005).

96 Ahmad, A. et al. A review on therapeutic potential of Nigella sativa: A miracle herb. Asian Paci�c
Journal of Tropical Biomedicine 3, 337-352, doi:https://doi.org/10.1016/S2221-1691(13)60075-1 (2013).

97 Martin, L. B. et al. Phytohemagglutinin-induced skin swelling in birds: histological support for a classic
immunoecological technique. Functional Ecology 20, 290-299, doi:10.1111/j.1365-2435.2006.01094.x
(2006).

98 Vinkler, M., Bainová, H. & Albrecht, T. Functional analysis of the skin-swelling response to
phytohaemagglutinin. Functional Ecology 24, 1081-1086, doi:10.1111/j.1365-2435.2010.01711.x (2010).

99 Anna M. Forsman, Scott K. Sakaluk, Charles F. Thompson & Laura A. Vogel. Cutaneous Immune
Activity, but Not Innate Immune Responsiveness, Covaries with Mass and Environment in Nestling House
Wrens (Troglodytes aedon). Physiological and Biochemical Zoology 83, 512-518, doi:10.1086/649894
(2010).

100 Cooper, A. M., Solache, A. & Khader, S. A. Interleukin-12 and tuberculosis: an old story revisited.
Current Opinion in Immunology 19, 441-447, doi:https://doi.org/10.1016/j.coi.2007.07.004 (2007).

101 Hamza, T., Barnett, J. B. & Li, B. Interleukin 12 a Key Immunoregulatory Cytokine in Infection
Applications. Int J Mol Sci 11, 789-806 (2010).



Page 21/28

102 Segel, M. J. et al. Role of interferon-γ in the evolution of murine bleomycin lung �brosis. American
Journal of Physiology-Lung Cellular and Molecular Physiology 285, L1255-L1262,
doi:10.1152/ajplung.00303.2002 (2003).

103 Novelli, F. & Casanova, J.-L. The role of IL-12, IL-23 and IFN-γ in immunity to viruses. Cytokine &
Growth Factor Reviews 15, 367-377, doi:https://doi.org/10.1016/j.cytogfr.2004.03.009 (2004).

104 Wallach, D. et al. TUMOR NECROSIS FACTOR RECEPTOR AND Fas SIGNALING MECHANISMS.
Annual Review of Immunology 17, 331-367, doi:10.1146/annurev.immunol.17.1.331 (1999).

105 Ferlazzo, G. et al. Distinct roles of IL-12 and IL-15 in human natural killer cell activation by dendritic
cells from secondary lymphoid organs. Proceedings of the National Academy of Sciences of the United
States of America 101, 16606-16611, doi:10.1073/pnas.0407522101 (2004).

106 Cancro, M. P. & Smith, S. H. Peripheral B cell selection and homeostasis. Immunologic Research 27,
141-148, doi:10.1385/IR:27:2-3:141 (2003).

107 Gholamnezhad, Z., Boskabady, M. H. & Hosseini, M. Effect of Nigella sativa on immune response in
treadmill exercised rat. BMC Complement Altern Med 14, 437, doi:10.1186/1472-6882-14-437 (2014).

108 Aljabre, S. H. M., Alakloby, O. M. & Randhawa, M. A. Dermatological effects of Nigella sativa. Journal
of Dermatology & Dermatologic Surgery 19, 92-98, doi:https://doi.org/10.1016/j.jdds.2015.04.002 (2015).

109 Gholamnezhad, Z., Havakhah, S. & Boskabady, M. H. Preclinical and clinical effects of Nigella sativa
and its constituent, thymoquinone: A review. Journal of Ethnopharmacology 190, 372-386,
doi:https://doi.org/10.1016/j.jep.2016.06.061 (2016).

110 Titiek, H., Akrom, A., Indrayanti, I. & Sagiran, S. Black Cumin Seed Oil Increase Leucocyte and
CD4Thelper Number in Sprague-dawley Rats Induced with Dimethylbenzanthracene. International Journal
of Public Health Science 8, 238-245, doi:10.11591/ijphs.v8i2.17930 (2019).

111 Mohan, V. P. et al. Effects of Tumor Necrosis Factor Alpha on Host Immune Response in Chronic
Persistent Tuberculosis: Possible Role for Limiting Pathology. Infection and Immunity 69, 1847-1855,
doi:10.1128/iai.69.3.1847-1855.2001 (2001).

112 Bhat, P., Leggatt, G., Waterhouse, N. & Frazer, I. H. Interferon-γ derived from cytotoxic lymphocytes
directly enhances their motility and cytotoxicity. Cell Death & Disease 8, e2836-e2836,
doi:10.1038/cddis.2017.67 (2017).

113 Salem, M., Alenzi, F. & Attia, W. Thymoquinone, the active ingredient of Nigella sativa seeds,
enhances survival and activity of antigen-speci�c CD8-positive T cells in vitro. British journal of
biomedical science 68, 131-137 (2011).



Page 22/28

114 Wherry, E. J. & Ahmed, R. Memory CD8 T-cell differentiation during viral infection. Journal of virology
78, 5535-5545 (2004).

115 Kenny, E., Mason, D., Pombo, A. & Ramírez, F. Phenotypic analysis of peripheral CD4+ CD8+ T cells in
the rat. Immunology 101, 178-184, doi:10.1046/j.1365-2567.2000.00071.x (2000).

116 Earnshaw, W. C., Martins, L. M. & Kaufmann, S. H. Mammalian Caspases: Structure, Activation,
Substrates, and Functions During Apoptosis. Annual Review of Biochemistry 68, 383-424,
doi:10.1146/annurev.biochem.68.1.383 (1999).

117 Brown, D. M. Cytolytic CD4 cells: Direct mediators in infectious disease and malignancy. Cellular
Immunology 262, 89-95, doi:https://doi.org/10.1016/j.cellimm.2010.02.008 (2010).

118 Tau, G. Z., Cowan, S. N., Weisburg, J., Braunstein, N. S. & Rothman, P. B. Regulation of IFN-γ Signaling
Is Essential for the Cytotoxic Activity of CD8<sup>+</sup> T Cells. The Journal of Immunology 167,
5574-5582, doi:10.4049/jimmunol.167.10.5574 (2001).

119 Shanmugam, M. K. et al. Modulation of diverse oncogenic transcription factors by thymoquinone, an
essential oil compound isolated from the seeds of Nigella sativa Linn. Pharmacological research 129,
357-364 (2018).

120 Elmore, S. A. Histopathology of the lymph nodes. Toxicologic pathology 34, 425-454 (2006).

121 O'Dowd, G., Bell, S. & Wright, S. Wheater's Pathology: A Text, Atlas and Review of Histopathology E-
Book. (Elsevier Health Sciences, 2019).

122 Choo-Kang, B. S. et al. TNF-blocking therapies: an alternative mode of action? Trends in immunology
26, 518-522 (2005).

123 Good, D. J. & Gascoyne, R. D. Atypical Lymphoid Hyperplasia Mimicking Lymphoma.
Hematology/Oncology Clinics of North America 23, 729-745,
doi:https://doi.org/10.1016/j.hoc.2009.04.005 (2009).

Figures



Page 23/28

Figure 1

Photomicrograph of (A) Control rat Spleen, (B) Sa30 treated rat spleen, (C) Sa50 treated rat spleen
showed remarkable histopathological changes of the spleen architecture with distinct red pulp (RP), white
pulp (WP) with central arteriole (A) and germinal center (GC) surrounded with marginal zone (M). (Hx&E
stain) X 200. (D) Histomorphometry analysis of the spleen of rats of Nigella sativa seeds fed groups (30
g/kg & 50 g/kg) and control. (n=6, data were represented as mean ± SE). Different superscript letters are
signi�cantly different performed by one-way ANOVA, followed by Duncan post hoc analysis P < 0.05
(Sa30: Nigella sativa fed group 30 g/kg diet & Sa50: Nigella sativa fed group 50 g/kg diet).
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Figure 2

Immunohistochemistry stained sections in the control and treated spleen of rat showing, the area percent
of positive splenocytes containing CD8 expression (×200) and a histogram showing a mean percentage
of positive CD8 reactivity. Different superscript letters are signi�cantly different performed by one-way
ANOVA, followed by Duncan post hoc analysis P < 0.05.
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Figure 3

Immunohistochemistry stained sections of control and Nigella sativa seeds fed groups (30 g/kg & 50
g/kg) treated rats’ spleen showed, the area percent of positive splenocytes containing Caspase-3 protein
expression (×200) and a histogram showing a mean percentage of positive Caspase 3 reactivity.
Different superscript letters are signi�cantly different performed by one-way ANOVA, followed by Duncan
post hoc analysis P < 0.05.
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Figure 4

Photomicrograph of (A&B) of control rat popliteal lymph node showed severe degeneration with mild
necrotic area (N) and a slight increase in the number of lymphocytes (arrow). (C &D) Sa30 treated rat
popliteal lymph node showed lymphoid follicle (F) with its germinal center and a slight increase in the
number of lymphocytes (arrow). E&F Sa50 treated rat popliteal lymph node showing a parafollicular
hyperplasia (F) and a slight increase in the number of lymphocytes (arrow) (Hx&E stain, X5 & X 10).



Page 27/28

Figure 5

Representative photographs from foot-pad biopsies of PHA model animals showing the effect of Nigella
sativa seeds against PHA-induced in�ammation in rats. Controls (A&B), Rats fed 30 mg Nigella sativa
seeds in the diet for 30 days (B&C), Rats fed 50 mg N. sativa seeds in the diet for 30 days (C&D). →:
lymphocytic in�ltration and edema in the dermis (Hx&E stain X100, &X 200).
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