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INTRODUCTION 

              The spleen is a large lymphoid organ that acts primarily as a massive blood 

filter. It filters blood-borne antigens and pathogens. It, as a specialized immune organ, 

plays a major role in adaptive and innate immunity (Aliyu et al., 2021). It also 

constitutes an essential organ for erythrocyte homeostasis and iron metabolism (Bronte 

& Pittet, 2013). It is like the lymph node in that it possesses a hilum however, it differs 

from it in lacking cortex, medulla, and afferent lymphatic vessels. The spleen is divided 

into red and white pulps, separated from each other by a marginal zone.  
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Introduction: The spleen is a large lymphoid organ that plays an 

important role in immunity. Potassium dichromium is well-known to be 

toxic. Nanoselenium is a potent antioxidant trace mineral. The aim of the 

work was to explore the influence of potassium dichromate on the spleen 

and the co-administration of nanoselenium against the induced splenic 

injury. Material and methods: 30 adult male albino rats (200-250g) 

were equally randomly divided into three groups. Group I (the control 

group) received no treatment. Group II (the chromium-treated group) 

received potassium dichromate (2 mg/kg b.w. dispersed in 1 ml distilled 

water) intraperitoneally daily for 2 weeks. Group III (the chromium and 

selenium-treated group) received nanoselenium (0.5 mg/kg b.w. 

dissolved in 0.5 ml of phosphate-buffered saline, intraperitoneally) as 

well as potassium dichromate (2 mg/kg b.w. dispersed in 1 ml distilled 

water) intraperitoneally daily for 2 weeks. Then, the spleens of all groups 

were extracted and processed to be studied. Results: The chromium-

treated group revealed disturbance of the architecture of the white pulp, 

congestion of the red pulp, deposition of hemosiderin pigments, 

chromatin condensation of the lymphocytes’ nuclei, and markedly 

dilated rough endoplasmic reticulum of the plasma cells. There were 

significant increases in the area percentage of collagen fibers deposition 

and iron staining and a significant decrease in the area percentage of Bcl-

2 immune expression. The administration of nanoselenium in Group III 

ameliorated most of these toxic effects. Conclusion: Nanoselenium 

exhibited a protective role against the toxic effect of potassium 

dichromate on the spleen. 
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               The white pulp contains 

lymphoid elements (Gartner & Hiatt, 

2014). Specialized immune cells like 

macrophages, B-lymphocytes, and 

natural killer cells populate within them 

(Aliyu et al., 2021). Injury to the spleen 

is related directly to immune deficiency 

(Liu et al., 2022). Heavy metals are 

hazardous pollutants that negatively 

affect both human health and the 

environment (Hosseini et al., 2021). The 

most frequently found heavy metals in 

wastewater are nickel, chromium, 

arsenic, lead, copper, zinc, and cadmium 

(Jaishankar et al., 2014). Chromium is 

the 7th most abundant earth’s crust 

element (Xu et al., 2021). Trivalent and 

hexavalent chromium are considered the 

most commonly occurring and stable 

forms of chromium species (Das et al., 

2021). Trivalent chromium is essential 

for metabolic activity and the growth of 

some microorganisms (Brasili et al., 

2020). It is poorly soluble; therefore, it is 

less toxic than hexavalent chromium 

(Jiang et al., 2019; Sharma et al., 2020 

and Xu et al., 2021). 

                On the other hand, hexavalent 

chromium is derived from industrial 

activities (Genchi et al., 2020). 

Potassium dichromate (K2Cr2O7), which 

is a soluble form of hexavalent 

chromium, is widely used in industries 

like metallurgy, chrome plating, surgical 

prostheses, stainless steel industries, 

photography and photoengraving, textile 

manufacture, wood preservation, and 

cooling systems (Coetzee et al., 2020). 

Hexavalent chromium is a soluble and 

strong oxidizing agent, causing adverse 

impacts on animals and humans 

(Nakkeeran et al., 2018). Furthermore, 

owing to its solubility in the soil and 

water, it pollutes the ground, water, and 

food (Des Marais and Costa, 2019; 

Kumar et al., 2019). It is reduced in the 

body by substances like glutathione and 

ascorbate, providing an unstable 

pentavalent and a stable trivalent 

chromium (Ray, 2016). During the 

process of reduction, reactive oxygen 

species (ROS) are produced (Salama and 

Elgohary, 2021). 

                 It affects the respiratory tract, 

hepatic, skin, renal, gastrointestinal, 

reproductive, and cardiovascular 

systems (Huang et al., 2019 and Hessel 

et al., 2021). Chromium-induced 

oxidative stress induces immune system 

deterioration and genetic material 

alteration in humans and animals (El-

Demerdash et al., 2021). The Agency for 

Toxic Substances and Disease Registry 

ranks chromium as the seventeenth most 

toxic substance. Besides, it is judged a 

Group 1 carcinogenic substance by the 

International Agency for the Research 

on Cancer, as reported by Loomis et al. 

(2018) and Rahman & Thomas (2021). 

                Selenium is a critical essential 

element in immunity, growth, and 

reproduction (McLaughlin & 

Gunderson, 2022). Plants are the most 

important nutritional sources of 

selenium. They accumulate it naturally 

and absorb it from the soil, the water, and 

the atmosphere. Rice, wheat, potatoes, 

broccoli, apples, and garlic are rich 

sources of selenium (Jiao et al., 2022). 

Selenium has antioxidant, anti-

inflammatory, and anti-apoptotic effects 

(Shalihat et al., 2021). Moreover, it 

protects the body against toxins by 

increasing antioxidant activity 

(Kielczykowska et al., 2018). 

Specifically, selenium can antagonize 

the heavy metal-induced toxicity in 

mammals (Lin et al., 2020). Selenium 

has a protective effect against the splenic 

toxicity induced by lead (Han et al., 

2017), aflatoxin (Chen et al., 2014), 

cadmium (Chen et al., 2017), and 

mercuric oxide (Fan et al., 2020). 

              Furthermore, selenium protects 

against chromium-induced thyrotoxicity 

(Mohamed et al., 2016) and 

nephrotoxicity (Soudani et al., 2010). It 

alleviates different trace element 

changes induced by the chromium in the 

spleen (Chen et al., 2017).  

Selenium is particularly 

important due to its potent prooxidant, 

antioxidant, anti-inflammatory, and 
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immunity-boosting capabilities in 

selenoproteins (Kryukov & Gladyshev, 

2002). Nevertheless, a narrow limit 

exists between adequate selenium intake 

and toxicity. Selenium antioxidant 

effects, toxicity, and bioavailability are 

affected by its concentration, particle 

size, and chemical form (Hosnedlova et 

al., 2018). Selenium nanoparticles were 

recommended because of their 

remarkably reduced toxicity (Ahmed et 

al., 2021). Nanoparticles of selenium 

given to male rats increased the 

testicular antioxidant action and 

spermatogenesis more than those from 

an ordinary form of selenium (Abd-

Allah & Hashem, 2015). 

              The detailed structural studies 

on the role of selenium in the protection 

of the spleen against the toxic effects of 

chromium have not been fully 

conducted. So, the present work aims at 

detecting the influence of potassium 

dichromate on the structure of the spleen 

and exploring the possible protective 

role of nanoselenium in the adult male 

albino rat through histological, 

histochemical, immunohistochemical, 

electron microscopic and morphometric 

studies. 

MATERIALS AND METHODS 

Chemicals: 

                 Potassium dichromate 

(K2Cr2O7) (CAS No. 7778-50-9) was 

obtained from Merck (Darmstadt, 

Germany). Selenium nanoparticles (3–

20 nm particles) in metal powder form 

(CAS No. 7782-49-2) were perceived 

from the Central Drug House (II0002; 

PLTD, New Delhi, India). 

Experimental Animals: 

                 In this study, a total of 30 

adult male albino rats (200–250 g body 

weight) were used. The rats were taken 

from the Animal House of the Faculty of 

Medicine at Assiut University. They 

were kept at (22.5 °C) with a 12 hours/12 

hours light/dark cycle, fed a standard 

diet, and given unlimited water. They 

were randomly divided into three equal 

groups of 10 rats each: Group I (the 

control group), in which the rats were 

given no treatment. Group II 

(chromium-treated group): The rats were 

given a daily single dose of 2 mg/kg 

potassium dichromate -dispersed in 1 ml 

distilled water- intraperitoneally for 2 

consecutive weeks (El Bakry & Tawfik, 

2014); and Group III (chromium and 

selenium-treated group): The rats were 

given a single daily dose of 0.5 mg/kg 

b.w. nanoselenium -dispersed in 0.5 ml 

phosphate buffered saline- 

intraperitoneally  (Atteia et al., 2018) as 

well as potassium dichromate at the 

same dose and route of administration 

that was given to Group II for 2 

consecutive weeks (El Bakry & Tawfik, 

2014). All the experimental procedures 

were conducted according to the 

International Guidelines for the Care and 

Use of Laboratory Animals. 

I. Histological Study: 

                At the end of the experiment, 

the rats were sacrificed, and each spleen 

was extracted and cut into two divisions. 

One part was processed for the light 

microscopic study, and the other part 

was processed for the electron 

microscopic study. 

I.1. Light Microscopic Study: 

               The splenic pieces were fixed 

with 10% formalin. They were then 

processed to produce paraffin sections of 

5 um thickness. Sections were stained 

with hematoxylin and eosin (H&E) to 

study the general architecture of the 

spleen and Masson's Trichrome to detect 

the collagen fibers (Bancroft & Layton, 

2012). The stained slides were examined 

and photographed using an Olympus 

digital camera (Olympus DP27-Japan) 

installed on an Olympus microscope 

(Olympus CX41, Tokyo, Japan). 

I.2. Electron Microscopic Study: 

              The specimens of the spleen 

were cut into about 1 mm3 cube and 

fixed in 4% glutaraldehyde and then in 

1% osmium tetroxide. Semithin sections 

of about 0.5-1 um thickness were stained 

with toluidine blue, examined, and 

photographed. Ultrathin sections of 50–

80 nm thickness were contrasted with 

uranyl acetate and lead citrate (Woods & 

Stirling, 2019). Examination and 

photographing of the sections were done 
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using the Jeol-JEM-100 CXII 

transmission electron microscope 

(Tokyo, Japan) at the Electron 

Microscopic unit of Assiut University. 

II. Histochemical Study: 

              To detect the intracellular iron 

accumulation in the spleen, a Prussian 

blue stain was used as a specific 

histochemical reaction displaying the 

iron biodistribution profile. The 

demonstration of the soluble form of 

iron was observed in the form of light 

blue patches, while hemosiderin was 

observed in the form of dark blue 

patches. The sections were 

deparaffinized and rehydrated. For 20 

minutes, the sections were stained with 

1% freshly prepared potassium 

ferrocyanide, (K4[Fe(CN)6]-Sigma 

Aldrich), and 2% HCl. Then, they were 

counterstained for 5 minutes with neutral 

red (Sigma Aldrich) (Orchard, 2019). 

III. Immunohistochemical Study: 

                  Immunohistochemical study 

was done to detect the Bcl-2 (anti-

apoptotic protein) expression of the 

spleen of the different groups. The 

splenic sections were fixed in formalin, 

embedded in paraffin, and cut at a 

thickness of 4 um. Then, they were 

incubated with an anti-Bcl-2 antibody 

(rabbit polyclonal antibody, 1/100 

dilution, Abcam) overnight. After 

washing with PBS, incubation of the 

sections with biotinylated secondary 

antibody was done for 1 hour at room 

temperature. Then, the sections were 

incubated with streptavidin-horseradish 

peroxidase for ten minutes, then washed 

with PBS. Diaminobenzidine (DAB)–

hydrogen peroxide was applied to 

localize and visualize the 

immunoreaction. Then, these sections 

were counterstained by Mayer's 

hematoxylin. Finally, they were 

dehydrated, cleared, and mounted 

(Sanderson et al., 2019). 

IV. Morphometric Study: 

                 The mean ± standard error of 

the mean (SE) of the area percentage of 

the collagen fibers of the Masson's 

Trichrome-stained sections, the area 

percentage of iron staining by Prussian 

blue, and the area percentage of Bcl-2 

immune expression were obtained in 

non-overlapping ten fields in Masson's 

Trichrome and Prussian Blue-stained 

slides at X200 magnification and Bcl2-

immunostained slides at X400 

magnification of five rats of each group. 

Analysis of each photographed field was 

done using Image J software (National 

Institute of Health, USA Java 1.8.0-66 

(32-bit) (Schneider et al., 2012). 

Statistical Analysis: 

              The obtained measurements 

were analyzed using SPSS software 

version 25 (SPSS Inc., Chicago, IL, 

USA). The data were compared by the 

analysis of variance (ANOVA) test, 

followed by the Tukey post hoc test. The 

differences were considered statistically 

significant when the p-value was < 0.05. 

RESULTS 

I. Histological Results: 

I.1. Light Microscopic Results: 

I.1.a. Hematoxylin and Eosin Results: 

                The splenic sections of the 

control rats (Group I) showed the normal 

architecture of the two components of 

the parenchyma of the spleen, the white 

and red pulps (Fig. 1a). The white pulp 

was composed of lymphatic follicles 

containing closely packed lymphocytes 

in addition to the central arterioles that 

were surrounded by a periarteriolar 

lymphatic sheath of lymphocytes. The 

red pulp was demarcated from the white 

pulp by a marginal zone, which was 

separated from the lymphatic follicles by 

a marginal sinus. The red pulp was 

formed of splenic cords of cells that 

appeared in the form of networks of cell 

cords separated by vascular sinuses (Fig. 

1b). 

                The white pulp of the spleen in 

the chromium-treated group (Group II) 

showed that most follicles exhibited 

prominent germinal centers. Thickened 

trabeculae and numerous acidophilic 

cells with vesicular nuclei in between the 

splenic lymphocytes were noticed. 

Central arterioles surrounded by a 

periarteriolar sheath appeared somewhat 

thickened. Red pulps showed dilated, 

congested blood vessels and multiple 
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hemosiderin-loaded macrophages (Figs. 

1c & 1d). 

               The splenic sections of the 

chromium and selenium-treated group 

(Group III) revealed that the red pulp and 

the white pulp appeared like those of the 

control group (Figs. 1e & 1f). 

I.1.b. Masson's Trichrome Results: 

                 The splenic sections of the 

control group showed fine collagen 

fibers of the capsule, trabeculae, and 

around the blood vessels (Fig. 2a). The 

splenic sections of the chromium-treated 

group (Group II) revealed a marked 

increase in the collagen fibers of the 

capsule (Fig. 2b), trabeculae, and around 

the blood vessels (Fig. 2c) as compared 

with the control group. Examination of 

the splenic sections of the chromium and 

selenium-treated group (group III) 

revealed that the collagen fibers 

appeared like those of the control group 

(Fig. 2d). 

I.1.c. Toluidine Blue Results: 

                    Examination of the splenic 

semithin sections stained with Toluidine 

Blue of the control group showed that 

the white pulp exhibited a periarteriolar 

lymphatic sheath of normal lymphocytes 

with a rounded nucleus and thin 

cytoplasm. The periarteriolar sheath was 

surrounded by a marginal zone and 

separated from it by a marginal sinus 

lined by flattened cells. The marginal 

zone was made up of several rows of 

cells, the majority of which were 

macrophages with irregularly outlined 

large nuclei. Plasma cells with abundant, 

deeply blue cytoplasm and a round, 

eccentrically placed nucleus with coarse 

chromatin arranged in a clock face 

(cartwheel) pattern were observed. The 

red pulp consisted of cords of cells and 

sinusoids, in addition to neutrophils with 

segmented nuclei (Fig. 3a).  

                 In the chromium-treated 

group (Group II), the white pulp showed 

a depletion of cells. Most lymphocytes 

appeared to have deeply stained irregular 

nuclei, in addition to many cells with 

pyknotic nuclei. Moreover, irregularly 

thickened walls of central arterioles with 

degenerated areas, a disorganized 

periarteriolar lymphatic sheath, and an 

undefined marginal zone were noticed. 

Empty wide spaces were also observed 

(Fig. 3b). The red pulp, with most cells 

appearing with darkly stained irregular 

nuclei and some appearing with pyknotic 

nuclei, showed dilated blood sinusoids 

and extravasation of red blood cells (Fig. 

3c). 

                 Semithin sections of the 

spleen of the chromium and selenium-

treated group revealed that most 

lymphocytes of the white pulp appeared 

like the control, and the central arteriole 

had a regular wall. In the red pulp, 

slightly dilated blood sinusoids and 

normally appearing plasma cells were 

observed (Fig. 3d). 

I. 2. Electron Microscope Results: 

                 The ultrastructural 

examination of the splenic sections of 

the control rats showed lymphocytes that 

showed nuclei with peripherally 

condensed chromatin surrounded by a 

thin rim of cytoplasm. Dendritic cells 

with euchromatic large nuclei were 

observed with many cytoplasmic 

processes that were in contact with 

lymphocytes. Their cytoplasm contained 

rough endoplasmic reticulum and 

abundant ribosomes. The wall of the 

splenic sinus was lined with elongated 

spindle-shaped endothelial cells (Fig. 

4a). The plasma cells appeared with a 

large eccentric nucleus containing 

coarse heterochromatin alternating with 

euchromatin, giving the characteristic 

cartwheel appearance. Their cytoplasm 

revealed parallel arrays of rough 

endoplasmic reticulum, large Golgi, and 

mitochondria. Macrophages with a large 

nucleus and an irregular outline and 

lysosomal bodies in their cytoplasm 

were observed (Fig. 4b).  

                 In the chromium-treated 

group, the lymphocytes showed dilated 

perinuclear cisterna and mitochondria 

with destructed cristae. Some cells have 

a nucleus with an irregular shape and 

condensed chromatin. The dendritic 

cells had rarefied cytoplasm, lost cell 

processes and most organelles, and a 

dilated rough endoplasmic reticulum. 
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The macrophages revealed an irregular, 

dense nucleus. The cytoplasm showed 

phagosomes and vacuoles (Fig. 5a). The 

plasma cells had an eccentric, irregular 

condensed nucleus, and the cytoplasm 

showed a markedly dilated rough 

endoplasmic reticulum and 

vacuolations. There was a disruption of 

the sinusoidal wall with some 

degenerated RBCs (Fig. 5b). 

Aggregations of eosinophils with their 

characteristic granules were detected 

(Fig. 5c). 

                  Examination of the splenic 

ultrathin sections of the chromium and 

selenium-treated group revealed 

minimal cell affection. Most 

lymphocytes appeared with a rounded 

nucleus surrounded by a thin rim of 

cytoplasm. The dendritic cells appeared 

with many cytoplasmic processes that 

were in contact with lymphocytes. They 

revealed euchromatic nuclei and 

abundant ribosomes. Macrophages 

showed an irregular outline and an 

eccentric, large nucleus. In addition, 

lysosomal bodies with heterogenous 

contents and minute vacuolations were 

noticed in the cytoplasm (Fig. 6a). 

Plasma cells appeared nearly like those 

of the control group with a large 

eccentric nucleus containing coarse 

heterochromatin alternating with 

euchromatin and a well-defined 

nucleolus. The cytoplasm exhibited 

residual dilated rough endoplasmic 

cisternae and some vacuoles in some 

cells (Fig. 6b). The wall of the splenic 

sinus was lined with elongated 

endothelial cells and filled with RBCs 

(Fig. 6c). 

II. Histochemical results: 

                  Prussian Blue-stained splenic 

sections of the control group showed a 

mild reaction in the form of bluish spots 

(Fig. 7a). In the chromium-treated 

group, a strong reaction with iron 

deposition was observed in the form of 

an increased number of light and dark 

blue colored spots (Fig. 7b). The splenic 

sections of the chromium and selenium-

treated group showed a moderate 

reaction (Fig. 7c). 

III.  Immunohistochemical Results: 

                 Immunohistochemically, the 

white and red pulps of the control group 

showed a strong Bcl-2 expression in the 

form of brownish coloration (Fig. 8a). 

The splenic sections of the chromium-

treated group showed a weak Bcl-2 

expression (Fig. 8b). The cells of the 

white pulp and red pulp of the chromium 

and selenium-treated group revealed a 

moderate Bcl-2 expression (Fig. 8c). 

IV. Morphometric Results: 

                 The mean±SE of the area 

percentage of the collagen fibers in the 

Masson's Trichrome-stained sections of 

the chromium-treated group (6.82 ± 

0.51) showed a significant increase 

when compared to the control group 

(4.34 ± 0.6). The chromium and 

selenium-treated group showed no 

significant difference (4.39 ± 0.63) from 

the control group (Table and 

Histogram). 

                 The mean±SE of the area 

percentage of iron staining by the 

Prussian Blue in the chromium-treated 

group (3.88 ± 0.21) showed a significant 

increase when compared to that of the 

control group (2.92 ± 0.15). The 

chromium and selenium-treated group 

did not differ significantly (2.94 ± 0.19) 

from the control group (Table and 

Histogram). 

                The mean±SE of the area 

percentage of Bcl-2 immune expression 

in the chromium-treated group (10.57 ± 

0.15) showed a significant decrease 

when compared to that of the control 

group (40.56 ± 0.11). The mean±SE of 

the area percentage of Bcl-2 immune 

expression in the chromium and 

selenium-treated group (39.21 ± 0.17) 

showed no significant difference when 

compared to that of the control group 

(Table and Histogram).  
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Table: The means of the area percentage of collagen fibers by Masson's Trichrome 

staining, iron staining by Prussian Blue, and Bcl-2 immune expression of the 

different groups. 

 
Data are presented as (mean ± SEM) 

(*) Significant when compared to the control group (p˂ 0.05) 

 

 
Histogram: Showing the means of the area percentage of collagen fibers staining by 

Masson's Trichrome, iron staining by Prussian Blue and Bcl-2 immune expression of 

the different groups. 
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Fig. 1: Photomicrographs of H&E-stained splenic rat sections of the control group 

(Figs.1a&1b), chromium-treated group (Figs.1c&1d) and selenium and chromium-

treated group (Figs.1e&1f) showing; Fig. 1a: The white pulp (WP) consists of 

lymphoid follicles embedded in the highly vascular red pulp (RP) (X100). Fig. 1b: The 

peri-arteriolar lymphatic sheath (pe) is seen around the central arteriole (a). The 

marginal zone (mz) is differentiated from the red pulp and separated from the lymphatic 

follicle (F) by the marginal sinus (ms). Normal red pulp (RP) with splenic sinuses (s) 

and splenic cords (c) is observed (X200). Fig. 1c: Lymphatic follicles (F) of the white 

pulp (WP) appear with prominent germinal centers (g). The red pulp (RP) shows dilated 

congested blood vessels (BV) (X100). Fig. 1d: Apparently thickened trabeculae (T) 

are noticed. Central arterioles (a) are somewhat thickened and surrounded by a 

periarteriolar sheath (pe). Numerous acidophilic cells with vesicular nuclei (white 

arrow) in between the splenic lymphocytes are noticed. The red pulp (RP) shows 

dilated congested blood vessels (BV) and splenic sinuses (s) between splenic cords (c). 

Hemosiderin loaden macrophages (black arrow) are noticed (X200). Fig. 1e: The white 

pulp (WP) and the red pulp (RP) retain the normal structure (X100). Fig. 1f: The red 

pulp (RP) shows splenic cords of cells (c) in addition to some dilated sinuses (s). The 

white pulp consists of lymphatic follicles (F) and central arteriole (a) surrounded by a 

periarteriolar lymphatic sheath (pe). Note the marginal sinus (ms) and marginal zone 

(mz) (X200). 
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Fig. 2: Photomicrographs of Masson's Trichrome-stained splenic rat sections of the 

control group (Fig.2a), chromium-treated group (Figs.2b&2c) and selenium and 

chromium-treated group (Fig.2d) showing; Fig. 2a: Fine collagen fibers of the 

surrounding capsule (arrowhead), around blood vessels (arrow) as well as in the splenic 

trabeculae (curved arrow) (X200). Fig. 2b: Massive collagen fibers deposition in the 

thickened splenic capsule (arrowhead) and in trabeculae (curved arrow) (X200). Fig. 

2c: Massive collagen fibers deposition in trabeculae (curved arrow) and around dilated 

blood vessels (arrow) is observed (X200). Fig. 2d: The distribution of collagen fibers 

appears like that of the capsule (arrowhead), trabeculae (curved arrow) and around 

blood vessels (arrow) of the control group (X200). 
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Fig. 3: Photomicrographs of Toluidine Blue-stained semithin sections of the rat spleen 

of the control group (Fig.3a), chromium-treated group (Figs.3b&3c) and chromium and 

selenium-treated group (Fig.3d) showing; Fig. 3a: The white pulp (WP) exhibits 

central arteriole (a), periarteriolar lymphatic sheath (pe) consisting of lymphocytes (L) 

with rounded nuclei. Marginal zone (mz) including macrophages (M) with large 

nucleus and irregular outline. The periarteriolar lymphatic sheath (pe) is separated from 

it by a marginal sinus (ms) which is lined by flattened cells (dotted arrow). Plasma cells 

(arrow) with a rounded, eccentrically placed nucleus displaying coarse chromatin 

arranged in a clock face pattern and deep blue cytoplasm are observed. The red pulp 

(RP) is formed of splenic cords (c) and sinusoids (S). Notice the neutrophils (n) with 

segmented nucleus, mitotic figures (double arrow) and red blood cells (R) (X1000). 

Fig. 3b: The white pulp (WP) appears with most lymphocytes (L) having deeply 

stained irregular nuclei. Large irregular cells with dense heterogeneous cytoplasm and 

dense nuclei are noticed (arrow with double stroke). Irregularly thickened walls of 

central arterioles (a) with degenerated areas (wavy arrow) are noticed. Decreased 

cellularity of the periarteriolar lymphatic sheath (pe) with empty wide spaces 

(asterisks) is noticed. Some cells with pyknotic nuclei (curved arrow) are seen (X1000). 

Fig. 3c: The red pulp shows dilated blood sinusoids (S). Most lymphocytes appear with 

deeply stained irregular nuclei (white arrowhead). Empty wide spaces (asterisks) were 

present. Extravasated red blood cells are observed (R). Some cells with pyknotic nuclei 

(curved arrow) are seen (X1000). Fig. 3d: Most lymphocytes are with rounded nuclei 

(L) in the white pulp (WP) including periarteriolar lymphatic sheath (pe). The central 

arteriole (a) appears with a nearly normal wall. Plasma cells (arrow) with the 

characteristic nucleus are observed. Note the presence of small empty spaces (asterisk). 

The red pulp (RP) shows few cells with dense nuclei (double arrowhead) and slightly 

dilated blood sinusoids (S). Macrophages (M) with large nuclei are observed in the 

marginal zone (mz) (X1000). 
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Fig. 4: Electron photomicrographs of the rat spleen of the control group showing; Fig. 

4a: The lymphocytes (L) have rounded nuclei (N) with peripherally condensed 

chromatin surrounded by a thin rim of cytoplasm (kinked arrow). A dendritic cell (D) 

with a euchromatic large nucleus is observed with cytoplasmic processes (arrow). The 

cytoplasm contains rough endoplasmic reticulum (rER) and abundant ribosomes (r). 

Note the wall of the splenic sinus (s) that is lined with spindle-shaped elongated 

endothelial cells (e) (X4800). Fig. 4b: The plasma cells (P) appear with a large 

eccentric rounded nucleus (N) containing coarse heterochromatin alternating with 

euchromatin giving the characteristic cartwheel appearance. The cytoplasm shows 

numerous cisternae of rough endoplasmic reticulum (rER), large golgi (G) and 

mitochondria (m). A macrophage (M) with a large nucleus and irregular outline and 

lysosomal bodies (l) in the cytoplasm is observed. Note lymphocytes (L) with a thin 

rim of cytoplasm (kinked arrow) and red blood cells (R) (X4800). 
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Fig. 5: Electron photomicrographs of the rat spleen of the chromium-treated group 

showing; Fig. 5a: A Lymphocyte (L1) has an irregular nucleus with condensed 

chromatin (N). Another lymphocyte (L2) has dilated cisternae (double dotted arrow) 

around the shrunken nucleus and mitochondria (m) with destructed crista. The dendritic 

cell (D) with rarefied cytoplasm and lost processes (rounded arrow) with loss of most 

organelles and dilated rough endoplasmic reticulum (rER). Empty spaces are observed 

(*). Inset: Macrophages with irregular dense nucleus (N*). The cytoplasm showed 

phagosomes (ph) and vacuoles (v) (X4800). Fig. 5b: Plasma cell (P) shows eccentric 

irregular condensed nucleus (N). The cytoplasm shows markedly dilated rough 

endoplasmic reticulum (rER), and vacuoles (v). There is a disruption in the sinusoidal 

wall (s). Note the elongated endothelial cell lining (e). Some degenerated RBCs (R) are 

observed (X4800). Fig. 5c: Aggregations of eosinophils (Es) with their characteristic 

granules (gr) are observed. Note a plasma cell (P) with a condensed nucleus (N) and 

dilated rough endoplasmic reticulum cisternae (rER) (arrow) (X4800). 
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Fig. 6: Electron photomicrographs of the spleen of the chromium and selenium-treated 

group showing; Fig. 6a: Most lymphocytes (L) appear with a rounded nucleus (N) 

surrounded by a thin rim of cytoplasm (kinked arrow). A dendritic cell (D) with a 

euchromatic nucleus, cytoplasmic processes (arrows) in contact with lymphocytes and 

abundant ribosomes (r) are observed.  Inset: A macrophage with an eccentric large 

nucleus (N*) and irregular outline (zigzag arrow). Lysosomal bodies (l) with 

heterogenous contents and minute vacuolations (V) are noticed in the cytoplasm 

(X4800). Fig. 6b: Plasma cells (P) appear with a large eccentric nucleus (N) containing 

coarse heterochromatin alternating with euchromatin and well-defined nucleolus (n), 

abundant rough endoplasmic reticulum (rER) and Golgi apparatus (G). Note the 

presence of some dilated rough endoplasmic reticulum cisternae (double-sided arrow) 

and some residual vacuoles (v) (X4800).  Fig. 6c: The sinusoidal wall (S) is lined with 

an elongated endothelial cell (e). Note a penetrating lymphocyte (L) and red blood cells 

(R) (X4800). 
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Fig. 7: Photomicrographs of Prussian Blue-stained rat splenic sections of the control 

group (Fig.7a), chromium-treated group (Fig.7b) and chromium and selenium-treated 

group (Fig.7c) showing; Fig. 7a: Mild reaction in the form of blue staining (tailed 

arrow) is observed (X200). Inset: shows a higher magnification of iron deposition 

(chevron) (X1000). Fig. 7b: Strong reaction with numerous cells with intense blue 

color (tailed arrow) is noticed. Inset: shows a higher magnification of iron deposition 

with a dark blue (white chevron) and light blue color (black chevron) (X1000). Fig. 7c: 

Moderate reaction (tailed arrow) is seen (X200). Inset: shows a higher magnification 

of iron deposition (chevron) (X1000). 
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Fig. 8: Photomicrographs of Bcl-2 immuno-stained rat splenic sections of the control 

group (Fig.8a), chromium-treated group (Fig.8b) and chromium and selenium-treated 

group (Fig.8c) showing: Fig. 8a: A strong positive immunoreaction for Bcl-2 

(arrowheads) in the red pulp (RP) and white pulp (WP) is observed. Fig. 8b: A weak 

positive immunoreaction for Bcl-2 (arrowheads) in the red pulp (RP) and white pulp 

(WP) is observed. Fig. 8c: A moderate positive immunoreaction for Bcl-2 

(arrowheads) in the red pulp (RP) and white pulp (WP) is observed (X400). 

 

DISCUSSION 

                   The immune system is a 

well-known critical target for many 

xenobiotics of organic and inorganic 

origin (Karaulov et al., 2022). By light 

microscopic examination of the present 

study, prominent germinal centers and 

numerous acidophilic cells with 

vesicular nuclei in-between the splenic 

lymphocytes were observed in the white 

pulp of the chromium-treated group. 

This finding was reported by Karaulov 

et al. (2022) who associated it with an 

increased number of B-lymphocytes as 

a hyperplastic reaction in addition to the 

accumulation of macrophages because 

of the chromium exposure. 

                  Multiple hemosiderin-

loaded macrophages were found in the 

chromium-treated group's splenic 

specimens. This result was in 

accordance with that of Khalil et al. 

(2013), who observed the red pulp 

brown pigments of hemosiderosis in the 

rat spleen exposed to hexavalent 

chromium. Hemosiderin deposition is 

typically caused by phagocytosis of 

extravasated erythrocytes. Iron is 

released from the haemoglobin of these 

phagocytosed erythrocytes and stored in 

ferritin. The ferritin is partially 

degraded, stored, and converted to 

hemosiderin in the spleen. As 

hemosiderin is considered the insoluble 

form of iron, it was demonstrated by H 

& E staining however, the soluble form, 

ferritin, wasn't (Guindi, 2011). 

                 The semithin sections of the 

chromium-treated group in the present 

work revealed dilated, congested blood 

vessels of the red pulp in addition to 

widening and congestion of the splenic 

sinuses. This observation was consistent 

with the observations of Chakraborty et 
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al. (2022) on chromium toxicity in the 

lung, liver, and kidney. Salama & 

Elgohary (2021) attributed it to the 

inflammatory effects of potassium 

dichromate. 

                Also, some degeneration of 

the wall of the central arteriole was 

observed in the semithin sections of the 

chromium-treated group of the present 

work. This observation was in 

agreement with that of Banu et al. 

(2017), who observed that hexavalent 

chromium increased the vascular 

endothelium apoptosis of the 

endometrium, yolk sac, and 

trophoblasts by p53 and caspase-3-

dependent pathways. A study by Cao et 

al. (2019) proved that chromium 

induces human umbilical vein 

endothelial cell apoptosis. 

             The chromium-treated rat 

splenic semithin sections of the present 

work exhibited the appearance of empty 

spaces in the white pulp, including the 

periarterial lymphatic sheath, and this 

could be explained by the suppressed 

proliferation of B cells and T cells 

caused by chromium (Chen et al., 

2014). Some cells with pyknotic nuclei 

were observed. These findings were in 

harmony with a study by Shaw et al. 

(2019), who observed vacuolization of 

the cytoplasm and extensive pyknotic 

nuclei formation in the hepatocytes of 

zebrafish treated with hexavalent 

chromium. 

                  The present study 

demonstrated that lymphocytes and 

dendritic cells of the chromium-treated 

animals showed marked ultrastructural 

changes. Lymphocytes showed dilated 

peri-nuclear cisterna. Some cells have a 

nucleus with an irregular shape and a 

condensation of chromatin. Khalil et al. 

(2013) reported similar findings and 

observed T- and B- lymphocytic 

necrosis in the K2Cr2O7-treated group. 

These observations could be explained 

by the reaction of chromium ions with 

the proteins of the lymphocytic cell 

surface, causing their injury. So, it alters 

the cells' responses to various stimuli 

and deteriorates their cell-mediated and 

humoral immune functions. 

Furthermore, when chromium is 

internalized within the cell, it reacts 

with the proteins involved in the 

replication (Qian et al., 2013). 

                   The dendritic cells, as well, 

appeared with a rarefied cytoplasm and 

loss of most organelles and their 

processes. It is postulated that the 

dendritic cells have an essential role in 

foreign substances' endocytosis and 

innate immunity (Merad et al., 2013). 

The degenerative changes observed in 

this study could be attributed to the toxic 

effect of chromium. Similar findings 

were observed in cells of the lung 

(García-Niño et al., 2015), thyroid 

(Mohamed et al., 2016), and liver cells 

(Tian et al., 2018) upon chromium 

exposure. 

                  An aggregation of 

eosinophils was observed in the 

chromium-treated group in the present 

work. A similar finding was observed 

by El-Shenawy et al. (2017), who 

studied the alterations induced in the 

spleen after treatment with dimethyl-

nitrosamine and suggested that these 

alterations were due to its harmful 

action as well as the reaction of the 

affected tissue, expressed by increased 

activity of plasmocytes, macrophages, 

eosinophils, neutrophils, and 

monocytes. Crăciunaş et al. (1996) 

indicated that the releasing of these cells 

is considered a protective reaction of the 

spleen against noxious drug exposure. 

                  In the present study, 

degeneration of the splenic red blood 

cells was observed by transmission 

electron microscopic examination of the 

chromium-treated group. This was in 

line with Husain & Mahmood (2017), 

who reported that potassium dichromate 

enhanced ROS, lowered the antioxidant 

power, and impaired the antioxidant 
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enzymes leading to the destruction of 

the erythrocytic membrane. 

                This study found that the 

chromium-treated group had a 

significantly higher mean area 

percentage of collagen fibers deposition 

when compared with that of the control 

group. These observations can be 

explained in light of the fact that both 

parenchymal and capsular splenic 

fibrosis can occur as a reparative 

process following injury or 

inflammation (Elmore, 2006), in 

addition to the reported fibrogenic 

effects observed in the chromium-

induced liver (Yan et al., 2020) and 

renal toxicities (Khalaf et al., 2020). 

                 In comparison to the control 

group, a significant rise in the mean 

Prussian Blue staining area percentage 

was seen in the chromium-treated 

group. This finding could be attributed 

to the hemosiderin deposition due to 

abnormal erythrocyte damage induced 

by chromium, as stated by Kapoor et al. 

(2022). 

                The current study 

demonstrated that Bcl-2 expression was 

significantly lower in the chromium-

treated group than that in the control 

group. This morphometric finding 

comes in parallel to the 

immunohistochemical results and could 

be attributed to the activation of the 

apoptosis of the mitochondrial pathway 

and downregulation of Bcl-2 due to 

chromium toxicity, as mentioned by 

Abdeen et al. (2019), Liu et al. (2022), 

and Zhao et al. (2022). 

                The present study's co-

administration of nanoselenium and 

chromium improved the splenic 

histopathological alterations, resulting 

in the restoration of the typical splenic 

architecture. Amraoui et al. (2018) 

found comparable outcomes while 

demonstrating the antioxidant efficacy 

of selenium against Bisphenol A-

induced oxidative stress in albino rats. 

The ability of nanoselenium particles to 

modify the expression of Bcl-2 and Bcl-

2-associated X protein (Bax), hence 

lowering the ratio of Bax/Bcl-2, the 

primary index for apoptosis, also 

offered evidence for their anti-apoptotic 

characteristics, according to Wang et al. 

(2019). Also, selenium nanoparticles 

were proven to increase enzymatic 

antioxidant activity and reduce lipid 

peroxidation (Gemma et al. 2006). 

                   Immunohistochemically, it 

was demonstrated that the co-

administration of nanoselenium with 

chromium in the present study increased 

the splenic Bcl-2 expression, and this 

was confirmed morphometrically. 

According to similar findings by Yuan 

et al. (2020), nanoselenium can inhibit 

apoptosis via modulating anti-apoptotic 

proteins, boosting anti-apoptotic 

indicators, and reducing pro-apoptotic 

markers.  

                 In addition, selenium co-

administration with chromium in this 

study induced a statistically significant 

decrease in the area percentage of 

collagen fibers deposition as compared 

with the chromium-treated group. A 

similar result was observed by Farag & 

El-Shetry (2020). According to Shalihat 

et al. (2021), this result may be related 

to selenium's anti-inflammatory 

properties.  

                The mean area percentage of 

iron staining by Prussian Blue of the 

chromium and selenium-treated group 

of the present study did not differ 

significantly from the control group. 

This observation could be explained by 

the antioxidant property of selenium 

based on a previous study by Soudani et 

al. (2011), who reported that co-

administration of selenium with 

K2Cr2O7 restored increases protein 

carbonyl and malondialdehyde levels 

and decreased vitamin C, non-protein 

thiol, glutathione, and sulfhydryl levels 

to near-normal values. And thus, 

preventing chromium-induced 

erythrocyte damage. 
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Conclusion 

                 Hexavalent chromium has a 

toxic effect on the spleen. So, it is 

convenient to decrease the exposure to 

it as much as possible. Selenium 

nanoparticles, which are potent 

antioxidants, may have a protective role 

against chromium-induced splenic 

toxicity 
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