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ABSTRACT
Background: High fat diet (HFD) is the cause of obesity prevalence which is a serious health problem. Vitamin D is 
considered a very important modulator in cellular inflammation and immune systems.
Aim of the work: To demonstrate the histological changes in the spleen of the adult male rats fed with HFD and to evaluate 
vitamin D role in counteracting the harmful effects of HFD on the spleen.
Materials and Methods: A total number of 36 male adult albino rats which were classified equally and randomly into three 
groups as follows; Control group where rats were administered the control diet for a period of 10 weeks, HFD fed group 
which was administered HFD for 10 weeks and HFD + vitamin D group which was administered HFD concomitantly with 
vitamin D orally daily for 10 weeks at a dose of 1 ug (40 IU)/kg. Samples from the spleen were prepared for histological and 
immunohistochemical study.
Results: The group received HFD revealed marked histological alterations with lymphatic follicles proliferation. Most 
splenic cells showed degenerative changes. Deposition of hemosidrin pigments, markedly dilated blood sinusoids and blood 
extravasation were observed. CD86 had a strong cytoplasmic expression in dendritic cells. Moreover, cytoplasmic immune 
reaction for iNOS and caspase-3 in the white and red pulps of the spleen was intense. Vitamin D co-adminstration greatly 
preserved the histological and immunohistochemical structure of the spleen.
Conclusion: This study suggests that vitamin D has a role in splenic protection and can attenuate the deleterious effects 
commonly detected in the spleen and immune system in case of obesity induced by HFD.
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INTRODUCTION                                                                        

Obesity is a widely spread serious health problem. HFD 
is responsible for obesity prevalence which has recorded 
epidemic levels in most of the developed countries[1].

Obesity is characterized by severe disorder of 
metabolism and it is multifactorial disease involving 
genetics, behavior and endocrine factors, with direct 
contribution to systemic inflammation[2]. High 
carbohydrate or fat diet, decrease physical activity and fast 
food consumption, are considered environmental factors 
which incorporated in the occurrence of obesity[3]. 

The consumption of a HFD is considered a risk factor 
for induction of obesity not only in humans but also in rats 
and mice as a result of increased energy intake and efficient 
energy storage[4]. So HFD feeding for a long period is 
considered a suitable obesity model in rats for detection 
of the underlying mechanisms of obesity occurrence and 
progression[5].

Obesity is considered the prominent risk factor for 
the development of the syndrome of multiple organ 
dysfunction and obesity consequences including high 
risk of pulmonary dysfunction, diabetes and metabolic 
syndrome[6]. The advance in organ damage was promoted 
by augmented inflammation in adipose and other tissues 
because obesity is a chronic low-grade inflammatory 
disease as most of the obese patients had shown increased 
levels of interleukin-6 (IL-6) and tumor necrosis factor-
alpha (TNF-α), both are proinflammatory cytokines and 
markers of inflammation[7,8]. Some proinflammatory-
related cytokines are produced in the obese state from 
macrophage-infiltrated white adipose tissue (WAT)[9]. 
Increase in the adipose tissue can result in a significant 
reduction in the activity of antioxidant enzymes[10,11].

Some studies reported a link between obesity and some 
functional changes in the immune system[12]. Some cells 
like dendritic cells (DCs) and macrophages are responsible 
for innate immunity as they are responsible for cytokines 
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production. T and B-cells activity can induce adaptive 
immunity. Activation of innate immunity is critical to 
adaptive immunity initiation[13].

The spleen plays a main role in immunity as it is 
considered the largest lymphoid organ[14]. The spleen can 
link between adaptive and innate immunities, as about 15% 
of the fixed macrophages in the body are contained in it, 
in addition to a large number of lymphocytes[15]. Moreover, 
obese rats showed decreased proinflammatory cytokines 
gene expression, such as IL-6 and TNF-α of the spleen[14].

Calcitriol, or 1,25-Dihydroxycholecalciferol, is the 
vitamin D active form, which can regulate gene expression 
which is incorporated in the function of immune system[16]. 
Interestingly, Vitamin D has beneficial effect in reducing 
the inflammatory profile and body fat[17,18], Moreover, it 
has neuroprotective effects against HFD- induced neuronal 
loss[19].

The aim of this work was to evaluate the effects of 
obesity induced by fatty diet on the histological structure 
of the spleen and to detect the possible vitamin D role in 
protection.

MATERIALS AND METHODS                                                    

Chemicals
•	 Vitamin D (Cholecalciferol) was obtained via 

Sigma-Aldrich Co., USA as a powder. Corn oil 
was used to dissolve vitamin D supplements.

•	 Caspase-3 and inducible nitric oxide synthase 
(iNOS) were obtained from Thermo Fisher 
Scientific, USA. 

•	 CD86 was purchased from Novus Biologicals, 
USA. Other chemicals were of the highest quality 
available.

Animals
Thirty-six adult male albino rats (180-200 gm) were 

used. Animal House in Faculty of Medicine, Assiut 
University was the source of these animals. All animals 
were held in clean cages with proper ventilation for 1 week 
before the beginning of the experiment. Food and water ad 
libitum were given to animals at the temperature of room. 
They were maintained in a controlled light room with 12 
hours dark and 12 hours light photoperiod (12:12light/
dark cycle). The experimental protocols were performed 
on the basis of the guidelines accepted internationally for 
Laboratory Animals Use and Care.

Experimental Diets
In this experiment, two different diets (control and 

HFD) were prepared in the Animal Nutrition Department, 
Faculty of Veterinary Medicine, Assiut University, Assiut. 
Supply of the two diets to the respective groups was without 
any change throughout the experimental period. Diets were 
designed according to National Research Council (NRC) 
recommendations[20] and Burgmair et al.[21] to meet the rats' 

nutritional requirements. The control diet was formulated 
from 0.5% common salt, 0.5% premix, 2% soybean, 4% 
sunflower oil, 22% wheat bran and 71% corn to supply 
each rat with 7.37% fat, 10.58% crude protein and 69.65% 
carbohydrates. This diet has metabolizable energy of about 
3274 kcal/kg. The HFD was formulated from 0.5% wheat 
bran, 0.5% common salt, 0.5% premix, 4% molasses, 4.5% 
soy-bean, 22% mixture of sunflower oil and olive oil and 
68% corn to supply each rat with 8.27% crude protein, 
24.64% fat and 55.95% carbohydrates. The metabolizable 
energy of this diet was 4645.25 kcal/kg.

Experimental design
A total number of 36 male adult albino rats were 

randomly classified into three equal groups (n =12 for each 
group) as follows:- 

1.	 Group I (Control group): rats received the control 
diet for 10 weeks in this group;

2.	 Group II (High-fat diet group): rats received 10 
weeks HFD for the induction of obesity in this 
group[22]; 

3.	 Group III (High-fat diet + vitamin D group): rats 
administered HFD concomitantly with 1 ug (40 
IU)/kg vitamin D[23] orally for 10 weeks daily. 

All rats were sacrificed by cervical decapitation at the 
end of experimental period, then the spleens dis¬sected out 
and processed for histological and immunohistochemical 
study. 

Histological study
Specimens of the spleen were cut into two parts for 

each group. Some pieces of the first part were fixed in 
10% formalin, processed for obtaining paraffin sections 
of 5 um thickness. These sections were HandE and 
immunohistochemically stained for Light microscopic 
study[24].

For electron microscopic study, the second part was 
divided into small pieces (1X1 mm thickness) and fixed 
in 4% glutaraldehyde and then in 1% osmium tetroxide.. 
Semithin sections (0.5-1 um) were obtained and stained 
with toluidine blue. Ultrathin sections (50-80 nm) were 
then cut, contrasted with uranyl acetate and lead citrate[25]. 
Examination and photographing of the sections was done 
by Jeol-JEM-100 CXII; transmission electron microscope 
(Tokyo, Japan) at Assiut University electron microscopic 
unit.

Immunohistochemical study
For caspase-3 (rabbit polyclonal antibody), 

CD86 (mouse monoclonal antibody) and inducible 
nitric oxide synthase (polyclonal rabbit anti-iNOS,) 
immunohistochemistry, paraffin-embedded sections of the 
splenic tissues of different groups and of a positive control 
were sectioned into a 5 μm thickness on slides which are 
positively charged and undergo 24 h incubation in an 
oven at 42°C. Slides were treated with hydrogen peroxide 
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(H2O2) 0.2% in PBS for endogenous peroxidase blockage 
for 30 min. Sections were then overnight incubated at 4°C 
with caspase-3 primary antibody (1:100)[26], other sections 
incubated against CD86 (1:100 dilution) which was 
used for splenic CD86 detection[27], while other sections 
incubated against iNOS (diluted 1:100)[28]. The universal kit 
used was biotinylated secondary antibodies. Visualization 
of the immunoreactivity was done using a chromogen of 
0.05% diaminobenzidine and counterstaining of sections 
with Mayer’s hematoxylin was done. Mounting by DPX 
was performed. For Negative controls, the same protocol 
was followed, but without the primary antibody use. The 
positive controls for the immunohistochemical markers 
used were tonsils for caspase-3 and CD86, and lungs for 
iNOS.

RESULTS                                                                                          

Light microscopic results

Hematoxylin and eosin (HandE) and toluidine blue 
stains

Spleen tissue sections from the control rats                                                                                                                  
(group I) showed normal architecture of the two components 
of the parenchyma of the spleen (splenic pulp) which 
are the white and red pulps. The white pulp is occupied 
by the central arteriole. Lymphatic follicles containing 
lymphocytes were present. The lymphocytes were closely 
packed. The red pulp is demarcated from the white pulp by 
the marginal zone which is delimited from the lymphatic 
follicles by the marginal sinus. Cell cords networks called 
splenic cords constitute the red pulp and were separated by 
vascular sinuses with bulged nuclei. RBCs, plasma cells 
containing eccentric nuclei, small and large lymphocytes 
were noticed (Figures 1, 2, 8 and 9).

In HFD group (group II), marked histological 
alterations were detected. Lymphatic follicles proliferation 
was observed. Most of the white pulp cells had changes of 
degeneration in the form of irregular dense nuclei and pale 
vacuolated cytoplasm. Empty wide spaces in between the 
cells and apoptotic bodies were seen. The central arteriole 
had degenerated areas in its wall. The red pulp of the 
spleen revealed loss of architecture and that the majority of 
lymphocytes had dark irregular nuclei with heterogenous 
or vacuolated cytoplasm. Cytoplasmic deposition of 
hemosidrin pigments in many cells, markedly dilated 
blood sinusoids and blood extravasation were noticed                  
(Figures 3-5 and 10-12).

As regards group treated with vitamin D (group 
III), Splenic sections showed focal affection. Normal 
distribution of the lymphatic follicles was observed. Both 
of the white and red pulps revealed nearly normal cellular 
architecture with increase cellularity and variability 
in size, shape and cell nuclei density. Slight empty 
spaces among the cells were observed. Slightly dilated 
sinusoids and scanty hemosidrin deposition were noticed                                             
(Figures 6, 7 and 13). 

Immunohistochemical results
The positive immunohistochemical reaction for 

caspase-3 appeared as brown cytoplasmic staining (index 
for the degree of apoptosis). Caspase-3 immunostained 
sections showed a weak cytoplasmic immunoreactivity 
in the splenic cells of the white and red pulps in group I 
(Figure 14). In group II, an intense cytoplasmic immune 
reaction for caspase-3 was observed in the white and 
red pulp cells (Figure 15). Group III revealed a slight 
cytoplasmic immune reaction for caspase-3 in the splenic 
cells which is nearly as control (Figure 16). 

Splenic sections immunostained with dendritic cell 
(DC) antibody (CD86) showed positive reaction in DC 
cytoplasm in the white pulp and marginal zone of group I. 
The cytoplasmic reaction appeared in the form of granules 
with dark brown colour (Figure 17). Group II showed a 
strong expression of CD86 (Figure 18). In group III, the 
reaction intensity was reduced and became nearly similar 
to control (Figure 19).

The positive results for the iNOS immune reaction 
(marker for oxidative stress) were indicated by brown 
coloration of the cytoplasm. iNOS immunostained sections 
showed a weak cytoplasmic immune reaction in the splenic 
cells of the white and red pulps in group I (Figure 20). A 
strong positive cytoplasmic immunoreactivity to iNOS was 
detected in the splenic cells in group II (Figure 21). Group 
III showed moderate expression of iNOS immunoreactivity 
which is more or less similar to control (Figure 22). 
TEM (Transmission Electron microscopic) results

EM examination of the spleen in group I revealed 
that the white splenic pulp was formed of numerous 
lymphocytes. Small lymphocytes showed condensed 
chromatin pattern in their nuclei and enclosed by a thin 
cytoplasmic rim. Large lymphocytes had euchromatic 
nuclei and a nucleolus could be detected. Their cytoplasm 
contained few cisternae of rough endoplasmic reticulum 
(rough ER) and few small rounded mitochondria                                                                                     
(Figure 23). The splenic marginal zone contained plasma 
cells, lymphocytes and DCs. The plasma cells appeared with 
a large eccentric nucleus containing coarse heterochromatin 
alternating with euchromatin. Their cytoplasm revealed 
well developed numerous cisternae of rough ER and 
mitochondria (Figure 24). DCs revealed many cytoplasmic 
processes in contact with lymphocytes. These cells were 
marked by their electron lucency and eccentric nuclei. 
Their cytoplasm contained rough ER, mitochondria, 
electron dense bodies and abundant ribosomes                                                                                                          
(Figure 25). The red pulp contained macrophages with a 
large oval nucleus and irregular outline. Well developed 
Golgi complex, mitochondria, rough ER, multiple 
phagosomes, and lysosomal bodies were observed in the 
cytoplasm (Figure 26). 

Ultrathin sections in the group fed on diet with high 
fat showed extensive affection of most cells of the spleen. 
Nuclei of lymphocytes revealed peripheral chromatin 
margination and many coarse clumps of heterochromatin. 
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Dilated cisternae around the nucleus were observed. Their 
cytoplasm showed increased density with hardly identified 
organelles (Figure 27). Plasma cell had eccentric nucleus 
with increased heterochromatin and dilated perinuclear 
cisternae. Markedly dilated rough ER, vacuolations and 
mitochondria which was swollen with distorted cristae 
or electron dense mitochondria were noticed in the 
cytoplasm. RBCs were detected (Figure 28). The dendritic 
cell appeared with ill defined plasma membrane, a 
heterochromatic nucleus and vacuolated rarified cytoplasm 
containing vacuolated mitochondria and dilated rough 
ER. The presence of RBCs was noticed beside the cell                                                                                                                        
(Figures 27 and 29). Macrophages revealed a large 
electron dense eccentric nucleus with irregularity of the 
nuclear envelope and dilated perinuclear cisternae. The 
cytoplasm showed multiple phagosomes, lysosomal 
bodies with heterogenous contents, markedly dilated 
rough endoplasmic reticulum, swollen electron dense 
mitochondria and numerous vacuoles (Figure 30).

Ultrathin splenic sections in the group treated with 
vitamin D exhibited minimal affection of its cells. Most 
cells revealed nearly similar ultrastructural appearance 
to control. Lymphocytes showed more or less similarity 
to control. Small lymphocytes appeared with nuclear 
chromatin condensation and a thin cytoplasmic rim 
which surrounded the nucleus. Large lymphocytes had 
a large euchromatic nucleus. Their cytoplasm contained 
small mitochondria and rough ER (Figure 31). Plasma 
cell appeared nearly similar to control group with a large 
eccentric nucleus containing coarse heterochromatin 
alternating with euchromatin. The cytoplasm revealed 
few dilated rough ER cisternae, mitochondria and Golgi 
complex. Vacuolated areas and RBCs can be noticed 
(Figure 32). The dendritic cell had a large eccentric 
nucleus with many cytoplasmic processes in contact with 
lymphocytes. Its cytoplasm revealed mitochondria, slightly 
dilated rough ER, minute vacuoles, abundant ribosomes 
and electron dense bodies. Ill defined cell membrane with 
cytoplasmic processes in contact with lymphocytes was 
noticed (Figure 33). Macrophages showed irregular outline 
and an eccentric large nucleus. Multiple lysosomal bodies 
with heterogenous contents, mitochondria and minute 
vacuolations were noticed in the cytoplasm (Figure 34). 

Fig. 1: A photomicrograph of a control rat splenic section (group I) 
showing normal architecture of the splenic pulps which are the white 
(WP) and the red (RP) pulps. Lymphatic follicles (arrows) and central 
arteriole (CA) are noticed in the white pulp.  H and E, X100

Fig. 1: A photomicrograph of a control rat splenic section (group I) 
showing normal architecture of the splenic pulps which are the white 
(WP) and the red (RP) pulps. Lymphatic follicles (arrows) and central 
arteriole (CA) are noticed in the white pulp. HandE, X100.

Fig. 2: A photomicrograph of a rat splenic section (group I) showing 
the white pulp (WP) which is formed by closely packed lymphocytes 
(crossed arrow) and contains central arteriole (CA). The red pulp (RP), 
marginal zone (MZ) and marginal sinus (MS) are noticed. The red pulp is 
formed of splenic cords which are separated by the blood sinusoids (S). 
It contains lymphocytes (arrow) and RBCs (open arrow).  HandE, X400.
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Fig. 3: A photomicrograph of a splenic section in rat fed with high fat 
diet (group II) showing the white (WP) and the red (RP) pulps. Note 
lymphatic follicles proliferation (arrows) and the central arteriole (CA). 
HandE, X100.

Fig. 4: A photomicrograph of a rat splenic section (group II) showing 
that most of the white pulp (WP) cells have degenerative changes in the 
form of dense irregular nuclei and dense cytoplasm (tailed arrow) or pale 
vacuolated cytoplasm (short arrows). Note empty wide spaces in between 
the cells (asterisk). The red pulp (RP) reveals lymphocytes with dark 
irregular nuclei (wavy arrow) and vacuolated cytoplasm. Cytoplasmic 
deposition of hemosidrin pigments in many cells (arrow heads) and blood 
extravasation (thick arrow) are observed. Note dilated blood sinusoids 
(S). Inset: showing densely stained cells with vacuolated cytoplasm 
(wavy arrow) and deposition of hemosidrin pigments (arrow head). Note 
empty spaces (asterisk). HandE, X400.

Fig. 5: A photomicrograph of a rat splenic section (group II) showing 
markedly dilated blood sinusoids (S) and fibrinoid material (curved 
arrows). Considerable hemosidrin pigments deposition was noticed 
(arrow heads). Wide spaces (asterisks) and cells with densely stained 
nuclei (wavy arrow) are observed. HandE, X400. 

Fig. 6: A photomicrograph of a splenic section in rat treated with vitamin 
D (group III) showing the white pulp (WP) with its central arteriole 
(CA) and the red pulp (RP). Note the distribution of lymphatic follicles 
(arrows). HandE, X100.

Fig. 7: A photomicrograph of a rat splenic section (group III) 
showing the white pulp and the central arteriole (CA). Note the 
marginal zone (MZ) and the red pulps (RP). Slightly dilated sinusoids 
(S) and scanty hemosidrin deposition (arrow head) are noticed.                                                                                                         
HandE, X400.

Fig. 8: A photomicrograph of a rat splenic semithin section (group I) 
showing the white pulp (WP) and the central arteriole (CA). Small 
lymphocytes (thin arrow) with dense nuclei are observed. Note large 
lymphocytes (thick arrow) which appear lightly stained with vesicular 
nuclei. Toluidine blue, X1000. 
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Fig. 9: A photomicrograph of a rat splenic semithin section (group 
I) showing the splenic (RP) and vascular sinuses (S). Note small 
lymphocytes (thin arrow), large lymphocytes (thick arrow) and plasma 
cells with eccentric nuclei (arrow head). Toluidine blue, X1000.

Fig. 10: A photomicrograph of a rat splenic semithin section (group 
II) showing the white pulp (WP) with numerous wide empty spaces 
(asterisks). Degenerated cells with irregular dense nuclei and cytoplasmic 
vacuolation (arrow) or deeply stained nuclei (open arrow) are noticed. 
Note degenerated areas (short arrow) in the wall of the central arteriole 
(CA). Inset: shows empty spaces between the cells (asterisks) and 
apoptotic body (double arrow) within the white pulp. Toluidine blue, 
X1000.

Fig. 11: A photomicrograph of a rat splenic semithin section (group 
II) showing the red pulp (RP) which reveals markedly dilated blood  
sinusoids (S) with extravasation of blood in the interstitial tissue (tailed 
arrows). Note some degenerated cells with deeply stained irregular nuclei 
(wavy arrows). Large irregular cells with dense heterogenous cytoplasm 
and dense nuclei are noticed (arrow). Toluidine blue, X1000.

Fig. 12: A photomicrograph of a rat splenic semithin section (group 
II) showing the red pulp (RP) with marked cytoplasmic vacuolations 
(crossed arrows) and many cells with irregular nuclei (wavy arrows). 
Note markedly dilated blood sinusoids (S) with extravasation of blood 
(tailed arrow). Empty wide spaces (asterisks) were present. Toluidine 
blue, X1000.

Fig. 13: A photomicrograph of a rat splenic semithin section (group III) 
showing the white (WP) and red pulps (RP). Small lymphocytes with 
dense nuclei (thin arrow) are noticed. Large lymphocytes with large 
vesicular nucleus (thick arrow) are observed. Note the presence of slight 
empty spaces (asterisk) and the central arteriole (CA). The red pulp shows 
few cells with dense nuclei (wavy arrows) and slightly dilated blood 
sinusoids (S). Toluidine blue, X1000.

Fig. 14:  A photomicrograph of a rat splenic section (group I) 
immunostained with caspase-3 showing a weak positive immunoreactivity 
(arrows) in the cytoplasm of the white (WP) and red (RP) pulp cells which 
appears as a brown coloration.  Caspase 3, X400.
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Fig. 15: A photomicrograph of a rat splenic section (group II) showing an 
intense cytoplasmic immune reaction (arrows) for caspase-3 in the cells 
of the splenic white (WP) and red (RP) pulps. Caspase 3, X400.

Fig. 16: A photomicrograph of a rat splenic section (group III) showing a 
slight cytoplasmic immunoreactivity (arrows) for caspase-3 in the cells of 
the white (WP) and red pulps (RP). Caspase 3, X400.

Fig. 17: A photomicrograph of a a rat splenic section (group I) 
immunostained with dendritic cell (DC) antibody (CD86) showing 
positive reaction as dark brown granules (arrows) in DC cytoplasm in the 
white pulp (WP) and the marginal zone (MZ). CD86, X400.

Fig. 18: A photomicrograph of a rat splenic section (group II) showing 
strong CD86 expression in DC (arrows) in the marginal zone (MZ) and 
white pulp (WP). CD86, X400.

Fig. 19: A photomicrograph of a rat splenic section (group III) showing 
low intensity of the expression of CD86 in DC (arrows) in the white pulp 
(WP) and the marginal zone (MZ). CD86, X400. 

Fig. 20: A photomicrograph of a rat splenic section (group I) showing 
a weak brownish cytoplasmic immune reaction (arrows) to iNOS in the 
white (WP) and red (RP) pulp cells. iNOS, X400.
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Fig. 21: A photomicrograph of a rat splenic section (group II) showing 
a strong positive cytoplasmic immunoreactivity to iNOS (arrows) in the 
white (WP) and red (RP) pulp cells. iNOS, X400.

Fig. 22: A photomicrograph of a rat splenic section (group III) showing 
a moderate immunohistochemical reaction to iNOS (arrows) in the white 
(WP) and red (RP) pulp cells. iNOS, X400.

Fig. 23: TEM of lymphocytes (group I) showing some small lymphocytes 
(Ly) with nuclei (n) revealing condensed pattern of chromatin and a 
thin cytoplasmic rim surrounding it. Note large lymphocytes having 
euchromatic nucleus (N). The cytoplasm contains small rounded 
mitochondria (m) and rough ER (rER).  TEM, X5800.

Fig. 24: TEM of plasma cell (Pl) (group I) showing a large eccentric 
nucleus containing coarse heterochromatin (h) alternating with 
euchromatin (Eu). Its cytoplasm reveals numerous rough ER cisternae 
(rER) and mitochondria (m).  TEM, X5800.
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Fig. 25: TEM of DCs (group I) showing many cytoplasmic processes 
(arrow heads) in contact with lymphocytes (Ly). These cells show 
electron lucency and eccentric nuclei (N). The cytoplasm reveals 
abundant ribosomes (r), rough ER (rER), mitochondria (m) and dense 
bodies (db). TEM, X7200.

Fig. 26: TEM of macrophage (group I) with irregularity of the outline 
and an oval large nucleus (N). Multiple lysosomal bodies (Lb), rough ER 
(rER), well developed Golgi apparatus (G) and mitochondria (m) are seen 
in the cytoplasm. TEM, X7200. 

Fig. 27: TEM of lymphocytes (Ly) (group II) with dark nuclei (N) which 
reveal peripheral chromatin margination and many coarse heterochromatin 
clumps (short arrows). Dilated perinuclear cisternae (arrows) are 
observed. Their cytoplasm shows increased density with hardly identified 
organelles. Note a DC with some cytoplasmic processes (arrow heads) 
and ill defined cell boundaries. The cell contains a heterochromatic 
nucleus (n) with cytoplasmic vacuolations (V) and dilated rough ER 
(rER). RBCs are observed. TEM, X 5800.

Fig. 28: TEM of plasma cell (Pl) (group II) showing eccentric nucleus (N) 
with increase heterochromatin and dilated cisternae around the nucleus 
(arrow). The cytoplasm shows electron dense mitochondria (m) and 
markedly dilated rough ER (rER). Note RBCs. Inset: Apart of plasma cell 
showing markedly dilated rough ER (rER), vacuolations (V) and swollen 
mitochondria with distorted cristae (m).  TEM, X5800.
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Fig. 29: TEM of a DC (group II) showing increase heterochromatin 
inside the nucleus (N) and vacuolated rarified cytoplasm (V) containing 
vacuolated mitochondria (m) and dilated rough ER (rER). Note a 
lymphocyte (Ly) with a dark nucleus (n) and dark cytoplasm (arrow) 
revealing dilated rough ER (rER). RBCs can be observed. TEM, X7200.

Fig. 30: TEM of macrophage (group II) containing a large electron dense 
eccentric nucleus (N) revealing irregular nuclear envelope with dilated 
cisternae (arrow). The cytoplasm shows multiple phagosomes (ph), 
lysosomal bodies (Lb) with heterogenous contents, markedly dilated 
rough ER (rER), swollen electron dense mitochondria (m) and numerous 
vacuoles (V). TEM, X7200.

Fig. 31: TEM of lymphocytes (group III). Small lymphocyte (Ly) appears 
with condensed nuclear chromatin and a thin rim of cytoplasm which 
surrounds the nucleus (n). Large lymphocyte has euchromatic nucleus 
(N) and the cytoplasm contains small mitochondria (m) and rough ER 
(rER). TEM, X5800. 

Fig. 32: TEM of plasma cell (Pl) (group III) with a large eccentric nucleus 
containing coarse heterochromatin (h) alternating with euchromatin 
(Eu) with few dilated rough ER cisternae (rER), Golgi complex (G) 
and mitochondria (m). Vacuolated areas (V) and RBCs can be noticed.                                                                          
TEM, X5800.
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Fig. 33: TEM of a dendritic cell (DC) (group III) with an eccentric 
nucleus (N) and many cytoplasmic processes (arrow heads) in contact 
with lymphocytes (Ly). Its cytoplasm reveals mitochondria (m), slightly 
dilated rough ER (rER), dense bodies (db) and abundant ribosomes (r). 
Minute vacuoles are noticed (V). TEM, X7200.

Fig. 34: TEM of macrophage (group III) with an irregular outline and 
eccentric nucleus (N). Multiple lysosomal bodies with heterogenous 
contents (Lb), mitochondria (m), rough ER (rER) and some vacuolations 
(V) are noticed in the cytoplasm. TEM, X7200.

DISCUSSION                                                                                        

Obesity is a hyperlipidemia state which is considered 

abnormal[29]. It is related with main causes of mortality and 
morbidity such as liver and spleen diseases and diabetes[30]. 

Vitamin D3 is vitamin D form which posseses the most 
potent effect on immune response regulation[31]. Changes 
to DCs are central to vitamin D power to modulate immune 
responses[32]. 

High-fat diet group (group II) in this work revealed 
marked histological alterations. Most of white pulp cells 
had degenerative changes like pale vacuolated cytoplasm, 
dense nuclei and empty wide spaces. The red pulp revealed 
disturbed architecture with some degenerated cells. 
Deposition of hemosidrin pigments in the cytoplasm of 
many cells, markedly dilated blood sinusoids and blood 
extravasation were seen. Similar findings were observed 
in rats' spleen with HFD in other previous studies[33]. In 
accordance with the current results, some authors[34] 

found that with high fat diet, splenic sections revealed 
degeneration, deposition of hemosiderin and dilatation of 
blood sinusoids. They suggested that obesity can cause 
splenomegaly via hemosiderin deposition and splenic 
sinus dilatation. They added that hemorrhagic lesions 
and congestion represented the disorganized and depleted 
lymphoid system. Some investigators[35] explained this 
dilatation by hypoxia and ischemia occurring after HFD. 
Another explanation by some authors[36] who reported that 
the developing hypertension as a result of obesity induced 
by HFD may cause vascular dilatation.

In the present work, lymphatic follicles proliferation 
was observed which might indicate immunity activation 
in the spleen of HFD fed animals. The current finding 
was augmented by some authors[15] who reported that 
in obesity, the immune splenic dysfunction which was 
detcted as an increase in the immune system activity 
suggested that splenic immune responses are involved in 
the pathophysiology of obesity. On the other side, many 
studies showed that obesity induced by HFD can decrease 
the antioxidant activity in different organs[37]. 

Lumeng and Saltiel[38] reported the connection of 
obesity with a chronic, proinflammatory condition. This 
inflammation has been incorporated in the elevation of 
levels of inflammatory mediators[13]. This inflammation 
was attributed to the increased macrophages infiltration 
and/or the rise in genes expression which are involved with 
adipose tissue inflammation[39]. Moreover, over feeding 
can cause inflammatory response stimulation through an 
anti-inflammatory path-ways down regulation such as that 
of IL-10, as B-cells which produce IL-10, mainly in the 
spleen were decreased by consumption of HFD[40]. 

Apoptosis is a form of regulated cell death in tissues 
initiated by the activation of cysteine proteases of the 
caspase family including caspase-3. On activation, 
caspase-3 which is an index of apoptosis cleaves different 
proteins related to the structural integrity of the cell[41]. 
Splenic sections immunostained with caspase-3 in 
group II of the current study showed caspase-3 intense 
immune reaction. In line with the present finding, some 
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investigators[42] detected that HFD caused increase in 
apoptotic cells in the spleen. High caspase-3 expression 
might be interpreted by its involvement in both immune 
and inflammatory reactions to dying cells[41]. Apoptosis in 
the spleen has been found to result in disturbances in the 
immune system[43]. 

CD86 tissue distribution has been well established in 
the mouse and human and is clearly expressed by DC, in all 
species[22,23,12]. Moreover, disturbed immune function with 
impaired DC functioning as a consequence of inflammation 
associated with obesity was documented[44]. In this work, 
there was a prominent CD86 (DC-antibody) expression in 
DC-cytoplasm of rats' spleen with HFD. The increase in 
CD86 expression in this work suggested that the state of 
inflammation which was recorded resulted in stimulation 
of DC maturation. The present results were augmented by 
other authors[45] who claimed that under the steady non-
inflammatory state, DCs are present as immature cells 
with low expression of surface CD86, while on becoming 
mature, there is high CD86 expression in these cells. For 
the acquired immune response to be initiated it requires 
maturation of DC. 

Nitric oxide is a physiological regulator of diverse 
functions in several tissues and iNOS is a major 
component of oxidative stress and inflammation[29]. In 
this work, immunostained splenic sections in group II 
showed a strong positive cytoplasmic immunoreactivity 
to iNOS. The current results were supported by some 
investigators[46] who reported that high fat diet induced 
NO activities observed in different tissues of rats which 
reflected inflammation increase. Aydin[29] also declared that 
NO production in all organ tissues was affected by HFD. 
They added that HFD induced obesity promoted systemic 
oxidative stress as evidenced by decreased glutathione 
and antioxidant enzymes. So, in obesity there is a close 
association between obesity and oxidative stress.

Ultrathin sections of group II in this work showed 
maked ultrastructural affection of different splenic 
cells including lymphocytes, plasma cells, DCs and 
macrophages. The fine structural  changes occurred were 
in the form of  ill defined plasma membrane, nuclei with 
chromatin margination and electron dense nuclei with 
perinuclear cisternae dilatation. Their cytoplasm revealed 
numerous vacuoles, marked dilatation of rough ER and 
swollen mitochondria with distorted cristae. In line with 
these results, Altunkaynak and Ozbek[47] detected similar 
findings in the hepatocytes of HFD fed animals. 

In harmony with the present findings, Rabinowitz and 
White[48] supposed that the increase in oxidative stress and 
mitochondrial dysfunction with HFD might be associated 
with degradation of protein, ER stress, apoptosis and 
autophagy. Dysfunction of mitochondria and ER stress are 
essential for β-cell dysfunction[49]. 

Dendritic cells are antigen presenting cells (APCs) 
that found in both lymphoid and non-lymphoid tissues as 
complex networks which play a pivotal role in adaptive 

and innate immunity linking and regulation[50]. The insult 
detected in DCs as a result of HFD in the current study 
was interpreted by some investigators[51] who proposed that 
demonstration of a functional deficiency of DCs and an 
alteration of their steady-state number could give partial 
explanation of the immune deficiency which is commonly 
associated with the obese state. 

The present results revealed multiple phagosomes 
and lysosomal bodies with heterogenous contents in 
macrophage cell cytoplasm in group II. In harmony with 
the present results, some studies stated that macrophages 
acquire lipid droplets in their cytoplasm once they ingest 
and process lipid[52]. 

Vitamin D treatment in association with HFD in this 
study showed dramatic preservation of the histological 
and immunohistochemical picture of the spleen with 
nearly normal appearance. In line with the results of this 
study, other animal studies[53] have shown that vitamin D 
supplementation protects against HFD-induced metabolic 
parameters. In harmony, Larsson and Voss[19] suggested 
that supplementation of vitamin D in the diet could 
protect enteric neurons against obesity-induced damage. 
The present results were augmented by other authors[54] 
who reported that vitamin D through peroxidation stress 
lowering can reduce tissue damage. The anti-oxidant 
effects of vitamin D could be explained by its ability to 
increase the key anti-oxidative enzymes levels such as 
glutathione (GSH), superoxide dismutase (SOD) and 
catalase[55]. Eugene and Yangha[56] stated that in adipocytes, 
vitamin D is incorporated in the regulation of lipogenesis, 
differentiation, apoptosis, as well as acting as an anti-
inflammatory agent.

Jones[57] declared that vitamin D is considered as an 
essential modulator in inflammation, cellular differentiation, 
proliferation and immune systems.  The main vitamin D 
immunomodulatory and anti-inflammatory properties were 
via pro-inflammatory cytokine production inhibition and 
anti-inflammatory cytokines expression enhancement by 
direct action on APCs or T lymphocytes[58]. Evidence for 
the anti-inflammatory effect of vitamin D administration 
was confirmed by previous studies[59] which reported a 
significant increase in IL-10 serum level on administration 
of vitamin D in the HFD-fed animals. The beneficial 
anti-inflammatory action of IL-10 was attributed to its 
ability to block activation of monocytes and to attenuate 
inflammatory mediators production[60]. Other authors[61] 

attributed the anti-inflammatory effects of vitamin D to its 
power in reduction of the HFD-induced increases in tumor 
TNFα and pro-inflammatory cytokines such as IL-6 and 
lipid peroxidation products 

In this work, there was weak caspase-3 immunoreactivity 
in group III. The present findings were in harmony with the 
results of other researchers[62] who declared that vitamin 
D protects rat's heart from the activated cardiac extrinsic 
pathways of apoptosis as a consequence of feeding 
with HFD. The current results were supported by some 
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investigators[63] who claimed that administration of vitamin 
D can cause caspase-3 expression decrease in the spleen 
resulting in inhibition of the caspase-dependent pathway 
of apoptosis. The anti-apoptotic effect of vitamin D could 
be caused by its ability to enhance IL-10 expression which 
is capable of supporting cell survival through the block 
of cytochrome C release and caspase cleavage with the 
resultant reduction in caspase-3 activation. 

In this work, there was a decrease in the reaction 
intensity of CD86 in DC cytoplasm which is nearly like 
control. In line with the current results, some researchers[64] 
declared that treatment of DCs with vitamin D leads to 
low surface expression of costimulatory molecules, such 
as CD86 and enhanced IL-10 secretion resulting in T-cell 
hyporesponsiveness. In accordance, other investigators[65] 

declared improvement in the inflammatory and immune 
responses by vitamin D via decrease in the expression of 
CD86. Some authors[66] added that the receptors for vitamin 
D are expressed in the immune cells; this could explain the 
immunomodulatory effects of vitamin D and might clarify 
the association between vitamin D and a large number of 
autoimmune and inflammatory diseases. 

According to the previous studies and this current 
study, it was concluded that the mechanism by which 
vitamin D could lower CD86 expression was most 
probably explained by its power to increase serum level of 
IL-10 which resulted in downregulation of CD86 resulting 
in the immunomodulatory and anti-inflammatory effects of 
vitamin D.

The weak iNOS immunoreactivity detected in group III 
of this study was in agreement with some investigators[67,68] 
who postulated that vitamin D regulates iNOS, a marker 
of oxidative damage and reported low levels of iNOS 
expression, which is an indicator of oxidative stress related 
cell death. They added that treatment with vitamin D 
induced low levels of iNOS expression in many neurons. 
They concluded that vitamin D has the ability to prevent 
oxidative damage by suppressing iNOS expression. 

From the current study, it was concluded that HFD 
induced deleterious effects on the splenic structure which 
can lead to splenic and immune system dysfunction. Co-
administration of vitamin-D had a protective role and 
attenuated these hazardous effects. The preventive vitamin 
D role might be attributed to its antioxidant, anti-apoptotic, 
immunomodulatory and anti-inflammatory effects. 
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الملخص العربى

تأثير فيتامين د على الطحال فى ذكور الجرذان البالغة التى تغذت على نظام 
غذائى عالى الدهون: دراسة هستولوجية وهستوكيميائية مناعية

هبة كمال محمد

قسم التشريح الادمى وعلم الأجنة - كلية الطب - جامعة أسيوط

للبدانة والتى تعد مشكلة صحية خطيرة.  العالي الدهون مسئول عن ارتفاع معدل انتشار  الغذائي  المقدمة: إن النظام 

ويعتبر فيتامين-د مغير هام فى الإلثهابات الخلوية وأجهزة المناعة. 

الهدف من البحث: الهدف من هذه الدراسة هو توضيح التغيرات الهستولوجية فى طحال ذكور الجرذان البالغة التى 

تغذت على نظام غذائى عالى الدهون وتقييم دور فيتامين-د في مقاومة الثأثيرات الضارة للنظام الغذائى عالى الدهون 

على الطحال. 

المواد وطرق البحث: تم تقسيم ستة وثلاثين من ذكور الجرذان البالغة عشوائيا بالتساوي إلى ثلاث مجموعات: المجموعة 

الضابطة التى تلقت النظام الغذائى المعتاد لمدة عشرة أسابيع، المجموعة التى تلقت نظام غذائى عالى الدهون لمدة عشرة 

أسابيع، و المجموعة التى تلقت نظام غذائى عالى الدهون بالتزامن مع فيتامين-د  بجرعة  ١ ميكروجرام )٤٠ وحدة 

دولية(  لمدة عشرة أسابيع. تم اخذ عينات من الطحال وتم تجهيزها للدراسة الهستولوجية والهستوكيميائية مناعية.

النتائج: أظهرت المجموعة التى تلقت النظام الغذائى عالى الدهون تغيرات نسيجية ملحوظة مع تكاثر فى البصيلات 

ترسب  حدوث  لوحظ  كما  الطحال.  خلايا  معظم  فى  التحلل  علامات  ظهرت  الأبيض.كما  الطحال  لب  فى  اليمفاوية 

لصبغة الهيموسيدرين، اتساع فى الجيوب الدموية وتسرب دموى. لوحظ أيضاً زيادة فى التعبير المناعى لــ CD86 فى 

سيتوبلازم الخلايا الجذعية. أكثر من ذلك، وجد تفاعل إيجابى ملحوظ للإ للإنزيم المستحث المخلق لأوكسيد النيتريك 

الدهون  عالى  الغذائى  النظام  تلقت  التى  المجموعة  أما  للطحال.  والأحمر  الأبيض  اللب  فى   ٣- وكاسباس   )iNOs(

بالتزامن مع فيتامين-د فلقد أظهرت أظهرت حفاظاً على التركيب الهستولوجي و الهستوكيميائي مناعي للطحال بشكل 

كبير. 

الخلاصة: تظهر هذه الدراسة أن فيتامين-د له تأثير وقائى ويمكن أن يخفف التأثيرات الضارة علي الطحال والجهاز 

المناعى التي عادة ما نراها فى حالات للبدانة التى يسببها اتباع نظام غذائى عالى الدهون.


