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INTRODUCTION

Hypothyroidism from endocrinologically point is low 
plasma levels of T4 and T3 and high plasma levels 

of thyroid stimulating hormone (TSH) which is a condi-
tion that is quite common around the world. Hypothy-
roidism is described in multiple animal species, including 
cat, dog, pig, horse, sheep, goat and chicken (Annemarie 
et al., 2016; Gurda et al., 2017; Rustam et al., 2021; Sten-
lund, 2022).The hypothyroidism either thyroid dysgene-
sis or dyshormogenesis (Broome et al., 2019; Van Poucke 

et al., 2022). Reduction in circulating thyroid hormones 
slows cell metabolism and growth (De Leo et al., 2016); 
memory impairment, and neurological disorder in dogs (de 
Oliveira et al., 2022). Hypothyrodism reduced the health 
related quality of life in addaition to depress and mood 
disturbance (Ellegård et al., 2021; Ramezani et al., 2023). 
In comparison to men, women are five to eight times more 
likely to develop hypothyroidism (Meng et al., 2015). This 
prompted researchers to study the details of the effect of 
the condition on offspring. Recently maternal hypothyro-
dism caused neurological and brain function alteration of 
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rats offspring spring (Madhusudhan et al., 2022; Yan-Jun 
et al., 2023; Sabah Farhat et al., 2023).

In  hypothyroidism, both innate and adaptive immune sys-
tem were affected. Immune system activity is modulated by 
thyroid hormones, particularly cellular immunity. Hypo-
thyroidism’s immune system dysfunction may make infec-
tions more likely. Except for a reduction in the amount of 
natural killers in lower thyroid volumes and the high lev-
els of antithyroid antibodies suggesting the activity of the 
autoimmune process, thyroid volumes in individuals with 
autoimmune thyroiditis are not related with substantial 
changes in cellular immunity  (Al-Mendalawi, 2018; Gon-
charova, 2020) But with appropriate hormone replacement 
therapy, the immune system returns to normal  (Mitrou et 
al., 2011). In severe hypothyroidism, T lymphocyte sub-
types are activated, natural killer cells are decreased, and 
T CD4 lymphocyte responsiveness is decreased (Volpé, 
2001).    
             
For people with hypothyroidism, levothyroxine replace-
ment therapy is the standard of care. However, a sizable 
portion of levothyroxine-treated patients continue to ex-
perience symptoms despite achieving biochemical thera-
py targets, raising the question of whether levothyroxine 
treatment is adequate for all patients or whether alternative 
therapies are necessary (El Deib et al., 2021). In severe hy-
pothyroidism, T lymphocyte subtypes are activated, natural 
killer cells are decreased, and T CD4 lymphocyte respon-
siveness is decreased  (Volpé, 2001; Ahmed et al., 2012).

Selenium (Se) is a trace element that is needed for the 
healthy operation of the thyroid and immune systems. 
The principal way that selenium affects thyroid control is 
through selenoproteins, a broad family of enzymes that 
have a significant impact on the oxidative balance, cell di-
vision and proliferation, and the generation of thyroid hor-
mones (Duntas, 2006). While studies have shown that in-
creased selenium can have some effects on immunological 
processes, (Mohan and Damodar, 2019) there is minimal 
evidence that it can also affect lymphocyte proliferation 
and activity in hypothyroidism conditions 1.The aims of 
the study to elucidate the defects in immune system ac-
tivities and component. In hypothyroidism experimentally 
induced in female rats.

MATERIAL AND METHODs

Preparation of Se-nanoparticles
The biogenic synthesis of Se-NPS was achieved using 
saccharomyces cerevisiae as reducing agent following pro-
cedure of (Hariharan et al, 2012; Wali, 2019; Al-Kurdy, 
2020) with some modifecations. Briefly: 100 gm of dried 
yeast dissolved in 1 L of deionized distilled water at 45C° 

in conical flask, and stirring with 50 gm sugar by 500 rpm 
stirring power for one hour, then, the yeast solution was 
mixed with 0.1 M of sodium hydrogen selenite (NaH-
SeO3) solution in 2:1 ratio v/v. Finally, the flask was stirred 
again on the magnetic stirrer (200rpm) at room tempera-
ture (22-24 C°) a for 24 hours and monitoring the forma-
tion of red brick colour. which is the initial sign of the gen-
eration of selenium nanoparticle (SeNPs). The prepeared 
selenium nanoparticles (Sc-SeNPs) solution was sonicated 
for 10 mins and washed twice with DDW after that dried 
the Sc-SeNPs solution in rotary evaporator. The dose of 
Sc-SeNPs was fixed according to the concentration of Se 
elements in the preapared nanoparticles by atomic absorp-
tion and 0.1 mg of Se /kg body weight (Wali and Alqayim 
2019).   

Experimental Design
Forty four female Wister rats of age ranged between three 
to four months were randomly divided into two groups. 
The first group (8 rats) had daily been fed basal diet and 
given normal water for one month (control group), the sec-
ond, third,  fourth and fifth  groups (36 rats) had daily been 
fed basal diet and given 0.02% Methimazole in drinking 
water for 4 weeks to induce hypothyroidism (Sabea and 
Alqayim 2023) . The hypothyroidism experimental rats of 
2nd group untreated, 3rd, 4th, 5th, groups treated with Sc-
SeNPs (0.1mg selenium /kg/ day)as T1, or Levothyroxine 
(0.9 µg/100g BW/day) as T2, or SC-SeNPs (0.1mg se-
lenium /kg/ day)+ Levothyroxine (0.9 µg/100g BW/day) 
as T3 for 4 weeks. After end the experiment, the animals 
were anaesthetized using a mixture solution composed of 
Ketamine and Xylazine with 90 and 10 mg/kg/B.W, re-
spectively, intra-peritoneal (IP) (Lei et al., 2001). Blood 
sample were collected from anesthetized rats via cardiac 
puncture. Mesenteric lymph node and Spleen , isolated 
and immediately preserved in neutral buffer then in 10% 
formalin solution. 

Cluster Differentiation 
Within 24 hours Paraffin embedded lymphoid tissue sam-
ple were sectioned at 4 µm thickness and placed carefully 
in water bath and mounted on positive charged glass slides  
using a hot plate. The tissue sections were rinsed in dis-
tilled water and immersed in Tris-buffered saline (TBS) 
bath for 5 minutes. Then section put in glass jar filled with 
antigen retrieval solution pre-heated at 60 oC and incu-
bated in a water bath at 97 oC for 25 minutes, the Kit that 
used Dako EnVision detection code K8000 .The primary 
applied antibodies were CD4, CD8 and CD19, and CD68 
in lymphoid tissue as well as the antibody dilutent factor 
(code number K800). The antibodies utilized in the current 
investigation are displayed in Table 2.

The secondary antibody goat, anti  HRP conjucated rabbit 
anti mouse.
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Table 1:  Primary antibody used in the study
Primary antibody Host Dilution factor Marker Cat. No/ Brand, Country

CD4 Rabbit, polyclonal 200x T.helper lymphocyte E-AB-22098 Elabscience, USA
CD8 Rabbit, polyclonal 100x T.cytotoxic lymphocyte E-AB-65844 Elabscience, USA
CD19 Rabbit, polyclonal 100x B cell E-AB-60746 Elabscience, USA
CD68 Rabbit, polyclonal 100x Macrophage	 E-AB-64533 Elabscience, USA

Table 2: Thyroid hormones in hypothyroidism female rats treated with  Sc-SeNPS alone or in combination with thyroxin 
rats for 4weeks
GROUP T3(nm/l) T4(nm/l) TSH(ng/ml)
Control 1.2±0.08A 35.49±2.89A 2.38±0.29C
Hypothyroidism 0.46±0.05B 7.06±0.77C 5.58±0.2A
T1 0.46±0.05B 14.37±2.76B 4.81±0.17B
T2 1.22±0.16A 36.39±2.23A 2.52±0.29C
T3 1.02±0.09A 30.26±2.57A 2.75±0.41C
LSD 0.27 6.99 0.84

Different capital letters denote significant differences between groups. T1:hypothyroidism and treated with Sc-SeNPs 0.1 mg /
kg B.W, T2 hypothyroidism and treated with Thyroxin 0.9 μg/100g BW.day, T3: Hypothyroidism and treated with  thyroxin+ Sc-
SeNPs 0.9 μg /100g BW. day, and 0.1 mg /kg B.W.

RESULT AND DISCUSSION 

Assessment Of Hypothyroidism
The current findings, which are shown in Table 1, showed 
that treatment of hypothyroidism in rats with a combi-
nation of levothyroxin and SC-SeNPs produced the best 
thyroid hormone levels when compared to hypothyroidism 
treated with SC-SeNPs alone and untreated. T4 was found 
to be the biomarker most adversely influenced by the Inte-
grated Biomarkers response (Figure 1) analysis.

Figure 1:  Photomicrograph of mesenteric (paracortex 
area) lymph node. Positive expression of T-lymphocyte 
helper receptor (CD4) (arrow) is shown in (A) control 
group, (B) hypothyroidism group, (C) SC-SeNPs, (D) 
levothyroxine group, and (E) SC-SeNPs+levothyroxine 
group. Hematoxylin & DAB. 100x. Note that the lymphoid 
follicle (arrowhead) in (D and E) did not show CD4 
expression.

The definition of hypothyroidism is mostly biochemical 
because to the wide variance in clinical presentation and 
general lack of symptom specificity. TSH levels that are 
above the guideline range and free thyroxin levels that are 
below the reference range are referred to as overt or clinical 
primary hypothyroidism. TSH concentrations above the 
reference range and free thyroxin concentrations within 
the normal range are the criteria for mild or subclinical hy-
pothyroidism, which is sometimes viewed as a symptom of 
early thyroid failure. Normal thyroid hormone levels along 
with higher amounts of thyroid stimulating hormone are 
indicative of subclinical hypothyroidism..Thyroid hor-
mones, L-thyroxine (T4) and 3,3′,5-triiodo-L-thyronine 
(T3), appear to be immune response modulators, accord-
ing to growing research. Under hypo- and hyperthyroid 
circumstances, immunological functions such as chem-
otaxis, phagocytosis, reactive oxygen species (ROS) for-
mation, and cytokine synthesis and release are altered in 
monocytes, macrophages, leukocytes, natural killer cells, 
and lymphocyte (De Vito, 2012; Ghazi and Al-Qaiym, 
2023). Immunosuppression is well known to be caused by 
hypothyroidism (Al-zyadi,2015; Paulazo, 2019; Fakri et al 
2023).

The result of Figures (1-2),(3-4) showed Mesenteric lymph 
node for CD4 and CD8 in hypothyroidism and SC-
SeNPs groups rats.Positive expression of T-lymphocyte 
helper receptor (CD4) that covered less than 50% of Par-
acortex area of lymph node. Figures (5-6) showed CD19 
expression in mesenteric lymph node, Weak and moderate 
in hypothyroidism and SC-SeNPs group rats, expression 
of B-lymphocyte antigen (CD19) in cortex area, where the 
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expression was observed in follicle center. Figures (7-8) 
showed weak and moderate expression of anti-CD68 pri-
mary antibody for hypothyroidism and SC-SeNPs group 
rats in red pulp area indicating the low phagocytic activity 
of macrophage compared with expression of anti-CD68 
primary antibody in control group. Figures (9) showed the 
scoring for CD4, CD8, CD19 and CD68 

Figure 2:  Photomicrograph of mesenteric (paracortex area) 
lymph node. Positive expression of T-lymphocyte helper 
receptor (CD4) (arrow) is shown in (A) control group, (B) 
hypothyroidism group, (C) SC-SeNPs, (D) levothyroxine 
group, and (E) SC-SeNPs+levothyroxine group.

Figure 3:  Photomicrograph of mesenteric (paracortex 
area) lymph node. Positive expression of T-lymphocyte 
helper co-receptor (CD8) (arrow) is shown in (A) control 
group, (B) hypothyroidism group, (C) SC-SeNPs, (D) 
levothyroxine group, and (E) SC-SeNPs+levothyroxine 
group. Hematoxylin & DAB. 100x.

The present study aimed to shed light on the effects of hy-
pothyroidism on the immune activity of some white blood 
cells through the detection of the antigen present on their 
surface by immunohistochemistry. The relationship be-
tween thyroid gland and immune system can be likened to 
to-sided coin. One side that thyroid hormone and thyroid 
stimulating hormone receptors are located on the surface 
of the B and T lymphocytes, monocytes and dendritic cells 

the Antigen presenting cells (Berczi et al., 2005; Adamcze-
wski et al., 2020). 

Figure 4:  Photomicrograph of mesenteric (paracortex 
area) lymph node. Positive expression of T-lymphocyte 
helper co-receptor (CD8) (arrow) is shown in (A) control 
grou , (B) hypothyroidism group, (C) SC-SeNPs, (D) 
levothyroxine group, and (E) SC-SeNPs+levothyroxine 
group. Hematoxylin & DAB. 400x.

Figure 5:  Photomicrograph of mesenteric (cortex area) 
lymph node. The expression of B-lymphocyte antigen 
(CD19) (black arrow) has shown (A) positive expression 
in control group, (B) weak expression in follicle area 
of hypothyrodism group, (C) moderate expression in 
the SC-SeNPs group, (D) positive expression in the 
levothyroxine group, and (E) positive expression in the 
SC-SeNPs+levothyroxine group.

The other side deal with effect of immunity on thyroid 
disease as autoimmune disease (Mansourian et al., 2010; 
Felicetti et al., 2017), stimulation of immunity by probi-
otics enhance thyroid (Alqayim,2015). The cluster differ-
entiation (CD) are antigens located on the surface of cells, 
in physiological term it may excert activity as receptors, 
lignds that acti vate receptors(coreceptor) mediate cell 
signals and other functions (Guidebook. 2004). Cells that 
express CD4 are T-helper and regulator cells, mediate cel-
lular immunity and delayed inflammation through their 
capability to produce humoral inflammatory cytokines.
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Figure 6: Photomicrograph of lymphatic follicle of 
white pulp in spleen. The expression of B-lymphocyte 
antigen (CD19) (black arrow) has shown (A) positive 
expression with intensive quantity (yellow arrow) at the 
center in control group, (B) weak expression in follicle 
area with intensive quantity (yellow arrow) at the center 
of hypothyrodism group, (C) positive expression in the 
SC-SeNPs group, (D) low-intensity expression in the 
levothyroxine group, and (E) positive expression in the 
SC-SeNPs+levothyroxine group. Hematoxylin & DAB. 
100x.

Figure 7:  Photomicrograph of lymphatic follicle of red 
pulp in spleen. The expression of anti-CD68 primary 
antibody (arrow) has shown (A) positive expression in 
control group, (B) weak expression in hypothyrodism 
group, (C) moderate expression in the SC-SeNPs group, 
(D) strong expression in the levothyroxine group, and (E) 
strong expression in the SC-SeNPs+levothyroxine group. 
Hematoxylin & DAB. 100x.

In the present study  CD4, found to decreased significantly 
with increase of TSH, in on other word CD4 are decreased 
with thyroid dysfunction (Mathur et al., 2020). The rela-
tionship between thyroid dysfunction as reduced T3 and 
T4 and CD4 was well studied in pathological conditions, 
such as HIV infected persons (Indikar & Shoukat, 2019). 
In spite of the big volume of researchs that correlate the 
hypothyroidism with reduced CD4 (Dev et al., 2015; Jany-
ga et al., 2021), but little are concerned with cellular mech-

anism for this reduction. the present study results of CD4 
immunohistochemistry detection in lymph node revealed 
that decrease in CD4 resulted from a decrease in thyroid 
hormones. Because The expression of CD4 on variable 
cells this means that it’s decrease  with several effects, and 
it may not involve in the pathogenesis of AIT (Mekova et 
al., 2020) but on the contrary it resulted from T3 and

Figure 8: Photomicrograph of lymphatic follicle of red 
pulp in spleen. The expression of anti-CD68 primary 
antibody (arrow) has shown (A) positive expression in 
control group, (B) weak expression in hypothyrodism 
group, (C) moderate expression in the SC-SeNPs group, 
(D) strong expression in the levothyroxine group, and (E) 
strong expression in the SC-SeNPs+levothyroxine group. 
Hematoxylin & DAB. 400x

Figure 9: Scoring for CD4, CD8, CD19 and CD68

T4 deficiency. However this subject is contraversal because 
recently found that genetically TRH overexpression mice 
showed no different picture for CD4 (Valli et al., 2023), 
however . Measurment of CD4 immune cells is of  diag-
nostic value to evalute the immune deficiency (Shete et al., 
2010). The present reduction in CD4 expression moniter 
the immune deficiency in methimazole induced hypothy-
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roidism. The differentiation of lymphocytes to be CD4 
types is mediated by antigen presenting cells expressed 
major histocomtability class II,  Activated rat T cells have 
been reported to express MHC class II molecules (Benoist 
et al., 1990; Mangalam et al., 2006), the instance of CD4 
differntiation from Tcells is highly dependent of affinity 
of Tcell to MHC class II (Lagattuta et al., 2022). This 
un well defined CD4 differentiation in lymphoid tissue 
of the present hypothyrodism rats could be attributed to 
the alteration in the MHC-II caused by reduced thyroid 
hormones.  Recently founded that aging thyrocytes that  
showing functional deterioration associated with the ex-
pression of metallothionein (MT) and major histocom-
patibility complex class II genes (Hong et al., 2023), may 
be due to  decrease in thyrotropic cells in production for 
thyroid hormones (Lewiński et al., 2006; Gauthier et al., 
2020).The CD8+ T cells are cytotoxic T cells that are pri-
marily responsible for immune defense against intracel-
lular pathogens and tumor monitoring, and participate in 
aoutoimmune disease (Abbas et al., 1996; Suzuki, et al., 
2008). The non-significant reduction in CD8 expresion in 
lymphoid tissue of hypothyrodism rats could be attributed 
to the low sensitivity of Tcells to the antigen presented by 
antigen presenting cells with MHC class I (Shihab et al., 
2021; Daniels et al., 2001). The CD8 cytotoxic cells are 
important effector in cell mediated immunity specifically 
against intracellular pathogen like viruses.The immunohis-
tochemistry evaluation of CD19 in lymphoid tissue was 
performed to explore the effects of hypothyroidism model 
by trimethmazole as non-autoimmune. The CD19 one of 
the B cells is an important part of the adaptive immune 
system, largely because of their ability to mature into plas-
ma cells and produce antibodies. They also present antigens 
and secrete cytokines (Maecker et al., 2012). The expression 
of these plasma subset cells are higher with higher thyroid 
hormones (Liu etal., 2018). The CD19 overexpressed by 
high level of thyroid hormones (Wang et al., 2021; Cao et 
al., 2022). The down regulation of CD19 expression in the 
present model of hypothyroidism indicated the non immu-
nopathy condations in our experiment, because CD19 are 
up regulated in tumor disease (Poe et al., 2012). Whereas 
the down regulation of these cells is target in treatment 
of immunopathy disease, represented by disturbance in 
cell proliferation and apoptosis (Wu et al., 2018). Thyroid 
hormones approved for their immunomodulation activity, 
this modulation via over the and the over expression of 
B- cell activating factor with high thyroid hormones . The 
detection of CD68 expresion cells in lymph node was per-
formed in attempt to evaluate macrophage phagocytosis 
activity. Triggering receptor expressed on myeloid cells-2 
(TREM2) and CD68 cell surface protein are expressed is 
the mechanism by which start cellular signal pathways for 
anti-inflammatory phagocytic activity. Thyroid hormone 
positively regulate the expression of the TREM2 (Ferrara 

et al., 2022).The present results of immunohistochemistry 
detection of immune cells depending on their cell surface 
molecules expression clearly demonstrated the influence of 
thyroid hormone deficiency on immunity.  In the present 
model of methimazole induced hypothyroidism were no 
pathogenic infection, the Tand B cell proliferation and dif-
ferentiation are expected, but we don’t agnore the possible 
role of thyroid hormones deficiency in the immune-relat-
ed adverse events (Montesinos et al., 2009; Shintaro et al., 
2022). However the limitation of the present works that 
this immune deficiency in hypothyroidism rats has not 
been studied in pathological and infectious condition. The 
addition of Se- nanoparticles with no thyroid hormones 
replacement did not show any effects on the CD4 expres-
sion.  This is self-evident, as selenium does not compen-
sate for the deficiency of thyroid hormones, but rather it is 
limited to antioxidant activity in the present study. On the 
contrary in groups with levothyroxine treatment, replace-
ment of thyroid hormones worked to compensate for the 
deficiency of these hormones and thus reverse the possible 
changes in MHC-II and the return of CD4 differentia-
tion to normal conditions.  Best solution for this immune 
disorder in hypothyroidism is to compensate for the thy-
roid hormone deficiency with replacement. An increase to 
confirm this fact was the immunohistochemistry results of 
CD8 expresion in groups treated with levothyroxine and 
Sc-SeNPs.  

CONCLUSION And 
Recommendations

The present study demonstrated that thyroid hormones 
had regulatory role for innate and adaptive, and  in order 
to reach the best result of treating hypothyroidism and im-
proving the activity of the immune cells, selenium must be 
given with the Levothyroxine.

It’s crucial to conduct more research to determine how can 
immune system response to infections in hypothyroidism 
condition, and here the role of selenium can be clear.
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NOVELTY STATEMENT 

This work has highlighted the role of selenium synergize 
levothyroxine in restoring leukocytes cluster differentia-
tion expression in Methimazole induced hypothyroidism 
in rats.
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