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ABSTRACT
Background: Methimazole (MMZ), has been the drug of choice in treatment of human hyperthyroidism for several decades, 
however its administration may result in unfavorable effects. The spleen can reflect this drug induced immune-toxicity. Nigella 
sativa oil (NSO) has potent immune-protective action.
Aim: The current study aimed to determine the alternation in the structure of the spleen and hematological parameters as a 
result of MMZ administration and if NSO has protective role in such case.
Materials and Methods: The study was conducted on twenty five adult male albino rats, divided into five groups (n=5), 
group I served as control, group II received 0.25ml/kg/day of NSO started two weeks before the experiment and continue 
till its end (for 6 weeks), group III subjected to surgical thyroidectomy, group IV rats treated with MMZ (20 mg/kg/day) and 
group V pretreated with NSO for 2 weeks and then accompanied with MMZ for 4 weeks in the same dose of group II and IV 
respectively. At the end of the experiment, spleen specimens were taken and processed for H&E and immunohistochemical 
stains (CD4and Ki67) in addition to hematological analysis.
Results: Remarkable alternations in the structure of the spleen were noticed in rats treated with MMZ. Moreover, RBCs and 
WBCs counts were reduced in MMZ- treated group. NSO co- administration with MMZ revealed partial improvement in 
histological structure of the spleen and blood picture.
Conclusion: MMZ drug has an obvious immuntoxic effect on the spleen and NSO has relevant protective action. 
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INTRODUCTION                                                                 

Anti- thyroid drugs (ATDs) have been fundamental 
in the management of human hyperthyroidism for several 
years[1]. Several studies stated that the use of ATDs can 
result in cellular damage[2-3].One of the most commonly 
used ATDs was Methimazole (MMZ); drug that is 
chemically a thioamide derivative[4]. Many reports stated 
that thionamide group of the anti-thyroid drugs is greatly 
responsible for the unfavorable effects of such drugs[5].

MMZ action is to stop synthesis of thyroid hormone 
through interfering with thyroid peroxidase-mediated 
thyroglobulin organification[6]. Although MMZ is 
an efficient anti-thyroid drug but its administration 
is associated with many hazardous effects such as 
nephrotoxicity, cholestasis, liver damage, loss of taste and 
smell, skin rash and teratogenicity[7].

There are many theories that can explain MMZ 
toxicity, including reactive metabolites formation, 
immune-mediated, and oxidative stress induction[8]. 

Reactive intermediates of MMZ metabolism include 
N-methylthiourea and glyoxal which have important role in 
induction of cellular dysfunction and oxidative stress[9-10]. 
The oxidative stress state resulted from disruption of 
balance between oxidants and antioxidants reducing the 
anti-oxidative defense capacity of the cells and makes 
the antioxidant system unable to neutralize the oxidants 
resulting in lipid peroxidation and subsequent increase in 
reactive oxygen species (ROS)[11].

The immune system is the result of collaboration between 
different types of cells; which are in continuous state of 
proliferation and differentiation, in addition to various 
organs that functioning together to generate adequate 
immune response[12]. Spleen as a part of the immune 
system is susceptible to adverse drug immunotoxicity 
through different ways such as oxidative stress, immune-
suppression or stimulation and autoimmunity[13].

Immunosuppression doesn't affect spleen only but also 
suppress erythropoiesis process within the bone marrow 
which in turn reflected on the blood picture[14].
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One of the reported toxic effects of MMZ was 
agranulocytosis; which defined as severe and dangerous 
leukopenia (agranulocyte count below 500\L)[15]. Previous 
study stated that anti-granulocyte autoantibodies are 
commonly revealed in patients administrating ATDs, which 
greatly reflect the MMZ immune-mediated toxicity[16].

Nigella sativa is a natural plant belonging to 
Ranunculaceae family and available in many countries 
(such as Middle East and Western Asia).Its seeds have 
been used in traditional medicine for years, also its oil 
extract is known to have precautionary role in a variety of 
diseases[17]. Thyamoquinone is one of the main ingredients 
of nigella sativa oil (NSO) and known with its potent 
immunomodulatory role[18]. 

Few studies addressed the immuotoxicity as a 
consequence of MMZ administration. Thus, the aim of this 
study was to assess the effect of MMZ on the histological 
structure of spleen and on hematologic parameters in rats 
and evaluating the possible precautionary role of NSO as 
anti-immunohematotoxic agent.

MATERIALS AND METHODS                                                                 

Drugs: 

Methimazole (MMZ) CAS No. 60-56-0 purchased from 
(Sigma Chemical Co., UK) and nigella sativa  oil (NSO); 
brown to deep brown free flowing liquid CAS Number: 
90064-32-7was purchased from Kahira Pharmaceuticals & 
Chemical Industries Company, Zagazig, Egypt.

Animals and experimental design:

The study was conducted on twenty five adult male 
albino rats weighting 180-200 gm. Animals were purchased 
from the Zagazig Scientific and Medical Research center 
(ZSMR), Faculty of Medicine, Zagazig University. All rats 
were kept under hygienic conditions. Standard food and 
water were allowed. All rats were handled in accordance 
to the standard guideline for the care and use of laboratory 
animal, Zagazig University. The animals were housed in 
plastic cages with stainless steel wire-bar lid and maintained 
under standard laboratory conditions at 23 ± 1°C, relative 
humidity 55 ± 5% and photoperiod of 12 h-dark and light. 
After one week of adaptation, rats were divided randomly 
into five groups (five rats each):

Group I (control group): served as control group and 
received only standard diet.

Group II (NSO group): animals of this group received 
0.25ml/kg/day of NSO 2 weeks before the experiment and 
continue till its end[17].

Group III (thyroidectomy group): to induce 
hypothyroidism animals subjected to surgical 

thyroidectomy; in which animals were anaesthetized with 
sodium pentobarbital intra-peritoneal (35 mg/kg body 
weight) then the trachea was exposed after the sternothyroid 
muscle had been cut.

Parathyroid glands were isolated from the thyroid 
gland, and implanted into the surrounding muscle. The 
thyroid gland was dissected gently with great care to 
laryngeal nerve then excised after the operation, rats 
received (ketolac 50 mg/kg i.m.) and gentamicin (10 mg/
kg) to relieve pain and protect against infection for five 
days[19].

Group IV (MMZ-treated group): rats were treated with 
methimazole (MMZ) in dose of 20 mg/kg/day dissolved in 
distilled water for 4 weeks[20].

Group V (MMZ+NSO group): rats were pretreated 
with the for-mentioned dose of NSO for two weeks and 
then accompanied with MMZ in the same dose of group IV 
for the following 4 weeks.

Body weight:

At the beginning of the experiment, the initial body 
weights of the animals were recorded, and then the final 
body weights were listed for statistical analysis.

Hormonal assessment:

Serum levels of the thyroid hormones (T3 and T4) 
at the end of the treatment were assessed using solid-
phase radioimmunoassay technique (All reagents needed 
for determination of total T3  and T4 were packaged in 
a commercial kit supplied from Diagnostics Products 
Corporation (DPC), Los Angeles, CA 90045-6900, USA) 
to confirm the hypothyroid state[21].

Hematological parameters:

The blood samples for hematology and biochemical 
analysis were withdrawn at the end of the treatment 
under pentobarbital anesthesia from retro-orbital venous 
plexus. Red (RBC's) and white blood cell (WBC's) counts, 
hemoglobin (HGB), hematocrit (HCT), mean corpuscular 
volume (MCV), mean corpuscular hemoglobin (MCH), 
mean corpuscular hemoglobin concentration (MCHC) and 
platelet (PTL) count, were determined using an automated 
hematology analyzer K-4500, Sysmex Corp., Hyogo, 
Japan). Under light microscopy, blood smears stained with 
Wright Giemsa stain; differential leukocyte counts were 
calculated for 100 leukocytes per rat[22].

Light microscopy technique

At the end of the experiment, all animals were 
anaesthetized, their abdominal cavities were opened 
spleens were dissected and immersed at once in 10% 
formol saline for 48 hours to be Processed and embedded 
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in paraffin. Coronal cuts of 5 µm thicknesses were cut by a 
standard microtome then stained with H&E[23].

The spleen immunohistochemictry was performed 
using Anti CD4 antibody (PE Mouse Anti-Rat CD4 
catalog No. 550296, dilution 1:20 ;BD Biosciences, USA) 
which appear as brownish cytoplasmic granules and anti 
Ki67 antibody (rabbit poly-clonal antibody; No. ab15580; 
dilution 1 μg/ml; Abcam, Cambridge, UK) with nuclear 
reaction  for demonstration of T- helper lymphocytes and 
proliferating cells respectively. The paraffn-embedded 
tissue sections (5µm thick) were deparaffnized and 
dehydrated. Hydrogen peroxide 0.05% used for 30 min,  to 
block the endogenous Peroxidase activity, then the slides 
were washed in PBS of pH 7.4 for 5 min. Sections were 
placed in 0.01 mol/l citrate buffer (pH 6)in a microwave 
for 10 min to unmask the antigenic sites . The sections 
were incubated with CD4 and Ki67 (primary antibodies) 
except for the negative control. The slides were incubated 
for 1.5 h at room temperature then rinsed with PBS and 
incubated for 1 h with anti-mouse immunoglobulins) 
secondary antibody) conjugated to peroxidase-labeled 
dextran polymer (Dako, Denmark). The slides were 
incubated in 3, 3-diaminobenzidine for 15 min to detect the 
reaction. Finally the slides were counterstained with H&E, 
dehydrated and cleared[24].

Morphometric study:

The surface areas (µm2) of lymphatic follicles, diameter 
of lymphatic follicles (µm), marginal zone thickness 
(µm) were measured in Haematoxylin and Eosin stained 
sections. Also the mean number of positive cell of CD4 and 
Ki67 in Immunohistochemical stained sections. Detection 
of number of the germinal center per transverse section 
in Haematoxylin and Eosin stained sections. Lymphatic 
follicles surface areas and diameters were measured on 
equally magnified images (x100) while marginal zone 
thickness measured on equally magnified images (x400) 
captured from H&E stained sections. The digital photos 
were captured in the Microscopic Photography Unit 
(Anatomy Department, Faculty of Medicine, Zagazig 
University) using a Canon Power Shot A640 digital camera 
(Japan). Fifty different relevant fields from each animal 
group were selected randomly. The measurements were 
performed using Digimizer PC image analysis software 
(Leica Q 500 MC program,Wetzlar, Germany).

Statistical analysis:

The variables measured were recorded and tabulated, 
the mean and SD were calculated for each animal group. 
Analysis of variance tests (ANOVA) and Tukey's post 
hoc test were used to compare the measurements between 
groups. Calculations were carried out using SPSS, version 
0.9 SPSS Inc., Chicago, Illinois, USA). P value was 
considered significant if P value was less than 0.05.

RESULTS                                                                     

Body weights:

Thyroidectomy and MMZ- treated groups showed 
significant reduction in final body weights when compared 
with control and NSO groups. However, assessment of 
body weights in MMZ+NSO group resulted in recuperation 
of almost normal body weights levels (table 1).

T3&T4 results (thyroid hormones)

In comparison with control and NSO groups, 
thyroidectomy and MMZ- treated groups revealed 
significant reduction in T3&T4 levels. On the other hand, 
MMZ+NSO group showed normal levels of thyroid 
hormones (table 2).

Hematological results:

The hematological examination of MMZ- treated 
group showed significant decline in RBC's counts when 
compared with all tested groups. MMZ+NSO group showed 
improvement in RBC's counts when compared with MMZ- 
treated group. In respect to hemoglobin concentration, 
MMZ- treated group showed highly significant decrease in 
comparison with control groups and NSO administration 
in combination with MMZ resulted in significant elevation 
compared with MMZ- treated group.

Regarding MCH, MMZ- treated group showed 
significant increase when compared with control groups, 
but no significant change was detected between MMZ- 
treated group and MMZ+NSO group. In addition, MCHC 
recorded significant increase in MMZ- treated group in 
comparison with control, NSO and thyroidectomy groups 
and co-administration of NSO restored it nearly to its 
normal levels.

In addition, WBC's count and lymphocytes were 
significantly lower in MMZ- treated group when compared 
with all other tested groups and in MMZ+NSO group they 
recorded almost normal counts.

Monocytes and neutrophils showed also significant 
decrease in MMZ- treated group when compared with all 
tested groups. Administration of NSO in combination with 
MMZ resulted in significant elevation to be almost close to 
control levels (table 3).

Histological results:

Control group (group I)

Examination of Haematoxylin and Eosin stained 
sections from control group (group I) showed typical spleen 
architecture with its characteristic two main components; 
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white pulps (lymphoid tissue) which embedded in red 
pulps) vascular matrix) and A marginal zone (MZ) 
appeared to demarcate the splenic white lymphoid pulps 
from the red non-lymphoid pulp (Fig. 1A). The white pulp 
appeared to consist of lymphoid follicles. Each lymphoid 
follicle had central arteriole and surrounded by peri-
arterial lymphatic sheath (PALS) containing large number 
of the lymphocytes (Fig. 1B). The red pulp was formed of 
splenic blood sinusoids intervening between branching and 
anastomosing splenic cords (Fig. 1C).

Nigella sativa oil group (Group II) and thyroidectomy 
group (group III) showed almost the same histological 
features of group I.

MMZ-treated group (group IV)

Examination of MMZ- treated group (group IV) showed 
marked histological changes when compared to the control 
group.The white pulp showed disturbed arrangement with 
well- developed germinal centers and the marginal zones 
appeared indistinct ill-defined and depleted of lymphocytes 
compared with the control group (Fig. 1D). Numerous areas 
contained debris of ruptured degenerated cells, vacuolated 
cells; in addition to areas containing acidophilic cells with 
fragmented pyknotic nuclei were noticed (Fig. 1E). Also, 
the white pulp showed thickened wall of central arteriole 
.The red pulp contained dilated congested splenic sinuses 
(Fig. 1F). 

MMZ+NSO group (group V)

Examination of MMZ+NSO group (group V) 
demonstrated a significant improvement in the form 
of restoration of splenic architecture, preservation of 
Lymphocytes of the white pulp that appeared closer to the 
normal and the marginal zones were apparent and well 
defined (Fig. 1G, H). The red pulp appearance showed 
almost normal architecture (Fig.1I) however, degenerated 
areas were still detected.

Immunohistochemical results:

Group I, II and III stained sections with CD4 revealed 
large number of CD4 positive cells with positive brownish 
cytoplasmic immuno reaction mainly in lymphocytes of 

the white pulp, particularly in PALS and also in marginal 
zones in addition to splenic cords of the red pulps (Fig. 
2A.). In the Group IV (MMZ- treated group), an apparent 
decrease of the number of CD4 positive cells was observed 
in the specimen. Only a few faintly stained CD4+ cells 
were scattered in the PALS and in marginal zones (Fig. 
2B), while in the Group V (MMZ+NSO) group, immuno-
reaction of CD4 was slightly increased when compared 
with that of MMZ-treated group (Fig. 2C).

Sections stained with Ki67 in control group showed 
few number of Ki67+ve stained cells (Fig. 3A), while in 
MMZ-treated there was apparent increase in the number 
of Ki67+ve stained cells especially within the germinal 
centers was evident (Fig. 3B). Slight decrease in Ki67+ve 
stained cells was noticed with combined NSO and MMZ 
administration (group V) (Fig. 3C).

Morphometric results

MMZ-treated group exhibited significant decrease 
in the lymphatic follicles surface area and diameter 
in comparison with control, NSO and thyroidectomy 
groups. While, in MMZ+NSO the lymphatic follicles 
recorded almost normal values. Regarding the Marginal 
zone thickness, MMZ-treated group showed significant 
reduction in marginal zone thickness, while NSO co- 
administration was able to return it closer to its normal 
values (table4).

There was a significant reduction in the number of of 
CD4 positive cells in MMZ- treated group in comparison 
with groups I, II and III. A significant increase in the 
number of CD4+ cell was exhibited in MMZ+NSO group. 
(table 4).

Marked increase in Ki67 positively stained cells was 
detected in MMZ treated group. Meanwhile, reduction of 
Ki67 positively stained cells was recorded in MMZ+NSO 
(table 4).

Germinal centers couldn't be detected in groups I, II 
and III. Rats treated with MMZ showed development 
of germinal centers whereas, administration of NSO 
significantly reduce it (table 5).

Table 1: Showing the means ± SD of initial body weight (IBW) and Final body weight (FBW)

Control Nigella sativa oil (NSO) thyroidetomy Methimazole (MMZ) MMZ+NSO
IBW(gm) 184.6±14.4 181.1±13.3 182.5±15.8 180.6±15.1 185.1±13.4
FBW(gm) 318.5±16.5 320.8±17.8 309.5±18.6 243.8±15.6 297.5±12

Table 2: Showing the means ± SD of T3 and T4

Control Nigella sativa oil (NSO) Thyroidectomy Methimazole (MMZ) MMZ+NSO F P
T3 1.41±.01 1.63±.05 76±0.05 87±0.04 1.7±.07 416.822 .000
T4 6.73±.22 7.25±.43 3.69±.44 3.87±.39 7.1±.32 137.920 .000
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Table 3: Showing the means ± SD of red blood cell (RBC); Hemoglobin;  mean corpuscular volume (MCV); mean corpuscular hemoglobin 
(MCH); mean corpuscular hemoglobin concentration (MCHC);  total white blood cell (WBC); Lymphocyte; Neutrophil and  Monocyte in 
the different studied groups.

Control Nigella sativa oil (NSO) thyroidetomy Methimazole (MMZ) MMZ+NSO F P LSD
RBC (103/μL) 643.6 ± 59 645.1 ± 19 640 ±30 567.6  ± 23 621.6±29 5.08 .004 <. 05a

<. 05b

   NSc

H e m o g l o b i n 
(g/dL)

13.3 ± 
0.85

13.2 ± 0.73 13.0±.9 10.7± 0.97c 12.1±.66 10.2 .000 <.001a

< .05b

 < .05c

MCV (fL) 60  ± 1.2 60.3 ± 1.8 60.1 ±  2 57.1 ± 3.1 59.5 ±1.8 2.15 .104 <.05a

  NSb

  NSc

MCH (pg) 21.8 ± 1.4 21.5 ±  1 21.8 ± 1.4 23.3 ± 1.3* 22. ± 1.2 1.71 .179 <.05a

  NSb

  NSc

MCHC (g/dL) 34.9  ± 1.1 34.8   ± .9 34.1 ± 1.1 36.9  ± 1.3 35.5 ± 1 4.95 .004 <.001a

< .05b

  NSc

Platelet (103/
μL)

987±14 995±9.4 990±9.7 909±12.2 971±8.5 60.9 .000 <.001a

< . 
001b

 < .05c

WBC (103/μL) 8.68 ± .93 8.41 ± 1.3 8.21 ±1.3 5.21±.47 7.66±.97 10.8 .000 <.001a

< 001b

  NSc

L y m p h o c y t e 
(103/μL)

7.56 ± .75 7.4 ± .82 7.17± 1 4.48 ± .34 6.93±.83 15.726 .000 <.001a

< 001b                           
NSc

N e u t r o p h i l 
(103/μL)

.58 ± .04 .56 ± .07 .55±.04 .29 ± .05 .39± .05 33.619 .000 <.001a

< .05b

<.001c

Monocyte (103/
μL)

.54 ± .07 .5 ± .02 .52±.03 .29± .04 .38± .04 29.463 .000 <.001a

< .05b

<.001c

aMethimazole- treated group versus control or  thyroidectomy groups. 
bMethimazole- treated  group versus  protective group.
cprotective group versus control or  thyroidectomy groups.

Table 4: showing the means ± SD lymphatic follicles area (LFA) (μm2); lymphatic follicle diameter (LFD) (μm); Marginal zone thickness 
(MZT) (μm); mean number of positive cells of CD4 and Ki67 in the different studied groups.

Control NSO thyroidetomy MMZ MMZ+NSO F P
LFA (μm2) 164760.35±32590 159981.77± 

29806
158699.41± 
34397

73757.04± 
7849

133710.79± 
48871

7.754 .000 <.001a

<. 05b

NSc

LFD (μm) 410.3138±86.94171 4 1 4 . 4 7 1 8 ± 
79.01010

4 1 7 . 6 7 6 0 ± 
86.90375

248.0593± 
29.63755

3 8 5 . 1 4 9 2 ± 
62.68171

5.975 .002 <.001a

< .05b

NSc

MZT (μm) 55.50 ±12.59333 5 6 . 1 6 6 7 ± 
12.41

54.33 ± 12.19 24.31 ± 
10.20

43.97 ± 
10.79

8.070 .000 <.001a

<. 05b

NSc

CD number 27.33±5.3 27.16±5.4 27±4.6 11.8 ±1.4 22.83±3.2 14.216 .000 <.001a

<. .001b

NSc

Ki number 5.33±1.08 5.78±1.27 5.38±1.30 38.16±1.72 11.05±1.41 637.8 .000 <.001a

<. .001b

<.001c

aMethimazole- treated group versus control or  thyroidectomy groups. 
bMethimazole- treated  group versus  protective group.
cprotective group versus control or  thyroidectomy groups.
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Table 5: Showing the number of animals that developed germinal centers in each group.

Grade - + + + + + +
Control 5 0 0 0
NSO 4 1 0 0
Thyroidetomy 4 1 0 0
MMZ 0 0 0 5
MMZ+NSO 0 3 2 0

Fig. 1: Photomicrographs of the spleen sections stained with H&E from all studied groups. 1A). control group shows its two main components 
white pulp (WP) and red pulp (RP) with distinct marginal zone (Mz) in between. The white pulp contains central arteriole (A) that is 
surrounded by peri-arterial lymphatic sheath (PALS). 1B). White pulp (WP) is formed of lymphocytes with dark stained nuclei (curved 
arrow). 1C). the red pulp (RP) which contains blood sinusoids (S) and splenic cords (SC).1D) MMZ-treated group showing the white pulp 
with disturbed lymphatic architecture (bifid tailed arrow) with appearance of germinal center (asterisk), The red pulp (RP) contains dilated 
congested blood sinusoids (arrow). Note ill-defined marginal zone (Mz). 1E). Showing white pulp (WP)contain area of degeneration in 
the form of debris of ruptured cells  with fragmented nuclei (zigzag arrow), germinal center (asterisk ), acidophilic  cells with several 
fragmented pyknotic nuclei (angled arrow) and  vacuolated cells with fragmented pyknotic nuclei (curved arrow). 1F). Dilated congested 
blood vessels (BV), hemosiderin laden cells (arrowhead) are also seen.  1G,H). In MMZ+NSO group the normal splenic architecture can be 
seen with preservation of Lymphocytes (curved arrow) of the white pulp (WP), however degenerated areas (asterisk ) and vacuolated cells 
with pyknotic nuclei (zigzag arrow) are still detected 1I). The red pulp (RP) appearance is almost normal that containing blood sinusoids (S) 
and splenic cords (SC). Note presence of splenic trabecula (T)                                                              [H&E, A,D,G X100; B,C,E,F,H,I x400].
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Fig. 2: Photomicrographs of spleen sections stained anti-CD4 in different experimental groups. 2A). control groups showing white pulp central 
arteriole (A) surrounded by cells with large number of CD4 positive cells; with brownish cytoplasmic granules; especially in periarterial 
lymphatic sheath (arrow) and in marginal zones (curved arrow). 2B). MMZ-treated group shows marked reduction in the number of CD4+ 
cells in both periarterial lymphatic sheath (arrow) and marginal zones  (curved arrow). 2C). MMZ+NSO group shows  slight increase in 
CD4+ cells in periarterial lymphatic sheath (arrow) and marginal zones  (curved arrow).                                   [immunostaining CD4, × 400].

Figure 3: Photomicrographs of spleen sections stained anti-Ki67 in different experimental groups. 3A) control groups showing few number of 
Ki67+ve stained cells (arrow) in white pulp (WP).3B). MMZ-treated group shows apparent increase in the number of Ki67+ve stained cells 
especially within the germinal center (arrow).3c). MMZ+NSO group reveals slight reduction in the number of Ki67+ve stained cells (arrow). 
                                                                                                                                                                                     [immunostaining Ki67, X400].

DISCUSSION                                                                      

Methimazole (MMZ) is a very popular and effective 
anti-thyroid drug, but its administration is associated with 
many adverse effects[25]. The current study was performed 
to evaluate the immuotoxic effect of MMZ in rat's spleens 
after 4 weeks of oral administration.

In the present work, rats treated with MMZ recorded 
significant decrease in the final body weights which is 
consistent with [20], who added that this decrease is due to 
failure of this group to gain body weights throughout the 
experiment. Such weight gain reduction in MMZ-group 
could be explained by the fact that thyroid hormones are 
essential for growth stimulation and their diminished levels 
may be associated with retarded weight gain in addition to 
diminished food intake[26].

Regarding the thyroid hormones assessment, 
thyroidectomy and MMZ-treated groups showed 
significant decrease in serum concentrations of T3 and T4 
in comparison with other tested groups, these results were 
consistent with[21].

The current study revealed normal splenic architecture 
in control group I, II and III (thyroidectomy group). These 
results were in parallel with the studies of[24]. It was stated 
that hypothyroidism itself may create protective role against 
oxidative stress and tissue damage[3]. It was added that 
hypothyroidism can increase synthesis of polyunsaturated 
fatty acids within the plasma membrane; this lipid change 
is able to stop lipid peroxidation and diminish cellular 
damage[27].

In contrast MMZ- treated group illustrated the 
alternation in rat's spleen structure following administration 
of MMZ, which revealed vacuolated cells with fragmented 
apoptotic nuclei within the white pulp. According to 
the study of Kannak and Jain[28] such apoptotic changes 
could be attributed to the oxidative stress status which 
accompanying MMZ toxicity and resulted in apoptosis and 
alternation in gene expression.

Moreover, MMZ group revealed numerous areas which 
contained debris of ruptured degenerated cells within the 
white pulp. It was reported that  such cellular damage 
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attributed not only to the chemical structure of MMZ 
but also to excess the production of ROS with disruption 
of the redox environment of the cell that altered the cell 
physiological state, leading finally to cellular damage[29].

The results of this study showed an apparent decrease 
of the immuno-reaction for CD4 in MMZ- treated group. 
Similarly it was assigned that MMZ induced oxidative 
stress status and increased lipid peroxidation may be 
responsible for such reduction in T lymphocytes and 
macrophage [30]. Also, it was stated that immunosuppressive 
effects of ATDs may play role in reducing the number of 
CD4-positive helper T cells, CD19-positive B cells and 
natural killer cells[6].

Ki67 is a popular nuclear antigen excessively used as 
a marker of proliferating cells and expressed in G1, G2 
and S phases of the cell cycle but not in G0[31]. Our results 
showed remarkable increase in Ki67 immuno-reaction 
in MMZ-treated group especially in germinal centers. 
However, NSO co administration showed reduced  Ki67 
immuno-reaction in comparison with MMZ-treated group.

Germinal centers are the sites where memory B 
cells and plasma cells secreting antibodies are normally 
generated[32], and its development is considered a mirror 
of enhanced antibody responses to certain antigens which 
are most likely self-proteins and not pathogens but these 
antigenic proteins still unclear[3]. Wolford et al.,[33] claimed 
that reactive metabolites from thiourea derivatives of MMZ 
may act as modified self-antigens in the ATDs-treated rats 
as well as in human.

The hematological analysis of MMZ- treated group 
showed evident reduction in RBC'S count (erythropenia) 
and WBC's count (leukopenia) which reflected the 
immunosuppressive activity of MMZ.

These results are parallel with those of Fukui et al.,[20] 
who stated that MMZ affects hematopoiesis process with 
subsequent reduction in blood cells formation and lower 
total leukocytes and lymphocytes compared to the normal 
one.

It was referred that the reduction in neutrophils 
production is due to failure of hematopoietic tissue to supply 
the peripheral blood with mature granulocytes[34]. One of 
the possible explanations of ATD-induced agranulocytosis 
is proposed to be an immune-mediated mechanism as 
antibody formation against mature blood cells[16].

The morphometric results revealed reduction marginal 
zone thickness. Such results were in accordance with[24].

Thymoquinone the active ingredient of NSO has potent 
antioxidant, anti-infective and antihistamine effects, In 

addition to immune modulatory effect[35]. So administration 
of NSO in the present work restored the normal hormones 
levels. In the same line were the results of[36].

The hisopathological changes recorded in MMZ- treated 
group showed notable improvement in the histology of the 
spleen with co-administration of NSO. Such improvement 
may be explained by the antioxidant properties of NSO in 
addition to its role in enhancing the functional capabilities 
of immune system[37]. Ali and Blunden[38] investigated that 
NSO volatile oil has the ability to scavenge free radicals 
generated during MMZ administration.

El-Mahmoudy et al.[39] reported that NSO has 
accelerative effect on cellular respiratory mechanism and 
thus may enhance mitosis in mitochondria and enables 
the mitochondrial enzymes which share in biosynthesis of 
heame; the most remarkable component in erythropoiesis 
process. This could explain the improvement of blood 
picture among the group received NSO in combination with 
MMZ. Furthermore, NSO has potent anti-inflammatory 
action which in turn decreases neutrophil migration from 
peripheral blood resulting in increase in neutrophils in 
group IV.

CONCLUSION                                                                      

It was concluded that MMZ administration strongly 
disturb the histological structure of the spleen with lowering 
of hematopoiesis and NSO can help in ameliorating such 
effects.
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الملخص العربى

الدور التحوطي لزيت حبة البركة في السمية المرتبطة بالميثمازول على بنية الطحال في 
ذكورالجرذان البالغة: دراسة نسيجية ، دموية ومورفومترية .

 مروة محمود أحمد1, منال محمد مرسي1 ,ريهام محمد مرسي2
قسم التشريح و الأجنه1، بكلية الطب – جامعة الزقازيق , التطبيقات البيولوجية2، مركز البحوث 

النووية ، الهيئة المصرية للطاقة الذرية

خلفية البحث: ميثيمازول (MMZ) ، كان الدواء المفضل في علاج فرط نشاط الغدة الدرقية البشري لعدة عقود ، ولكن تناوله  
قد یؤدي إلى آثار غير مواتية. الطحال؛ یمكن أن یعكس هذه السمية المناعية التي یسببها هذا الدواء. زیت الحبة السوداء له تأثير 

مناعى وقائى فعال.
الهدف من البحث: تهدف الدراسة الحالية إلى تحدید التغيرات في بنية الطحال و معاملات الدم نتيجة تناول عقار ميثيمازول وما 

إذا كان لزیت الحبة السوداء دور وقائى فى هذه الحالة.
خمس  إلى  مقسمة  البالغة  البيضاء  الجرذان  ذكور  من  وعشرون   خمسة  على  الدراسة  أجریت  المستخدمة:  والطرق  المواد 
مجموعات (5 فئران لكل منها) ، المجموعة الأولى التي استخدمت كمجموعة ظابطة ، تلقت المجموعة الثانية 0.25 ملغم / كغم 
/ یوم من زیت الحبة السوداء بدات اسبوعان قبل بدء التجربة و استمرت طوال فترة التجربة ، المجموعة الثالثة حيث تعرض 
الحيوانات لاستئصال جراحي للغدة الدرقية ، جرذان المجموعة الرابعة عولجت بالميثمازول  بجرعة 20 مغ / كغ / یوم لمدة 
اربعة اسابيع والمجموعة الخامسة تم معالجتها بزیت الحبة السوداء لمدة أسبوعين قبل بدایة التجربة ثم ترافق مع عقار ميثمازول 
في نفس جرعة المجموعة الثانية والرابعة على التوالي. في نهایة التجربة ، تم أخذ عينات الطحال ومعالجتها من أجل H&E و 

الصباغة الهستوکيميائية المناعية (CD4 و Ki67) بالإضافة إلى تقييم هرمونات الغدة الدرقية وتحليل الدم.
النتائج: : قد لوحظت تغيرات لافتة للنظر في بنية الطحال في الجرذان التي عولجت بالميثمازول ، انخفض اجمالى عدد کرات 
الدم الحمراء و الخلایا البيضاء في المجموعة التي عولجت بـ الميثمازول.بينما کشفت الجرذان التى تلقت زیت الحبة السوداء 

بالتزامن مع بالميثمازول تحسن جزئي في التركيب النسيجي للطحال وصورة الدم.
الاسنتاج: عقار الميثمازول له تأثير واضح على له تأثير سمى مناعى واضح على الطحال و زیت الحبة السوداء له تأثير وقائى 

وثيق الصلة.


