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Article History: Abstract: Demyelinating diseases are a group of disorders where the 

protective myelin sheath around nerve fibers is damaged, leading to 

disrupted neural conduction and neurological deficits. This study was 

performed to study the possible neuro-regenerative role of 

fluvoxamine (FLV) against cuprizone (CPZ) induced demyelination 

model in the hippocampus. Twenty-four adult male mice were divided 

into 3 groups. Control group I, CPZ-administered group II (0.2% orally 

in the diet for 8 weeks) and CPZ and FLV group III received CPZ as 

in group II, with oral FLV (100 mg/kg BW/day) on week 4 till the end 

of the experiment. After 8 weeks, the hippocampus was prepared for 

light and electron microscopy as well as PCNA immunohistochemical 

staining. Group II showed degenerative changes in hippocampus 

proprius (HP) and dentate gyrus (DG), including neuropil vacuolation, 

extensive axonal fragmentation, degeneration of pyramidal and 

granular neurons, splitting and focal loss of myelin sheath. PCNA 

immune expression was significantly decreased. In group III, there 

were less degenerative changes than those observed in group II, 

preservation of the myelin and nerve axons, and a significant increase 

in PCNA immune reaction. In conclusion, FLV exerts a neuro-

regenerative effect against CPZ-induced demyelination model in the 

hippocampus of adult male mice. 
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INTRODUCTION 

In the past two decades, there has been a 

considerable increase of our knowledge regarding the 

pathophysiology and management of various 

demyelinating disorders of the nervous system. 

Demyelinating diseases are characterized by loss or 

damage of myelin sheath that surrounds nerve fibers 

in the central or peripheral nervous system.  Myelin is 

essential for fast and efficient transmission of electrical 

impulses, so its disruption leads to slowed or blocked 

nerve signaling. Conditions such as multiple sclerosis, 

neuromyelitis optica and acute disseminated 

encephalomyelitis are common examples, each 

involving immune-mediated attacks on myelin [1, 2]. 

The global prevalence of such diseases is steadily 

increasing to 2.9 million in 2023 [3]. 

 

Experimental models are essential for understanding 

disease, uncovering cellular regeneration and testing 

new therapies, bridging the gap between basic biology 

and clinical treatment for complex conditions like 

demyelination. Cuprizone-induced demyelination 
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model has been widely used for this purpose because 

it produces reproducible, region-specific 

demyelination in the hippocampus and allows clear 

separation of demyelination and remyelination phases 

[4, 5]. 

 

The hippocampus is a complex brain structure 

embedded deep into temporal lobe. It forms an 

important part of the limbic system [6]. The 

hippocampus plays a crucial role in the processes of 

learning, memory formation and spatial navigation 

[7]. The hippocampus contains various populations of 

myelinated axons. Myelination of the nervous system 

is essential for facilitating rapid nerve conduction and 

providing trophic support for axons [8]. Hippocampus 

is also connected to cortical and subcortical regions 

and the extent of myelination in this region plays a 

role in cognitive functions and diseases [9]. 

Unfortunately, it is well known that in demyelinating 

diseases with hippocampal demyelination and 

memory impairment are common [10]. However, it 

surprising that there are only few studies focusing on 

myelin repair in this region.  

 

Beyond classic immunomodulatory strategies, there is 

growing interest in centrally acting drugs with 

potential neurotrophic properties to promote myelin 

preservation and repair. Selective serotonin reuptake 

inhibitors (SSRIs) have been reported in multiple 

preclinical studies to modulate neuroinflammation 

and to enhance adult neurogenesis and neural 

progenitor proliferation, effects that may support 

tissue repair after injury [11, 12]. 

 

Fluvoxamine, an SSRI, is a well-known 

antidepressant drug. It is considered as first line 

pharmacological treatment of moderate to severe 

depressive disorders. In obsessive compulsive 

disorder, fluvoxamine has shown substantial efficacy 

in reducing the symptoms severity [13]. However, 

studies suggesting fluvoxamine as a possible treatment 

for demyelinating disorders are deficient [14]. 

 

Therefore, the present study aimed to evaluate the 

effect of fluvoxamine administration on the 

hippocampus of adult male mice in CPZ model of 

demyelination through light and electron microscopic 

study. 

 

 Materials and methods 

Chemicals 

Cuprizone [Bis (cyclohexanone) 

oxaldihydrazone], in the form of powder 25 grams, 

was purchased from Sigma Aldrich company (St. 

Louis, Missouri, USA). Fluvoxamine (Faverin ®), in 

the form of tablets 100 mg each, was purchased from 

Mylan Laboratories (France). 

 

Place of the study  

The current experimental study was carried out 

at Urology and Nephrology Center, Mansoura 

University and was performed in accordance with 

international guidelines for the care and use of 

laboratory animals. Approval of the Mansoura 

University Institution Research Board was obtained 

(MD.21.05.468.R1). 

 

Animal groups and experimental protocol 

Twenty-four adult male mice (aged 8 weeks 

and weighing approximately 20-25 grams) were used 

in the study. They were housed in a room temperature 

of (22 ± 2) °C at 50% ± 10% relative humidity, 12 h 

light/dark cycle, with free access to food pellets and 

water. The mice were randomly divided into three 

groups. Group I (control group) included 8 mice that 

were fed a standard diet and were kept without any 

treatment all over the experimental period. Group II  

(CPZ administered group) included 8 mice that 

received cuprizone for 8 weeks for induction of 

demyelination in a daily dose of  0.2% orally in the 

diet [15]. Group III (CPZ and FLV treated group) 

included 8 mice that received cuprizone for induction 

of demyelination as in group II (0.2% daily orally in 

the diet) for 8 weeks.  In addition, fluvoxamine oral 

administration (100 mg/kg BW/day) was started on 

week 4 (when demyelination is expected according to 

Avşar, ERDEM [16]) and continued till the end of the 

experiment. Mice of all groups were sacrificed after 8 

weeks of the experiment. 

 

Obtaining the specimens  

At the end of the experiment, the mice were 

anesthetized with sodium pentobarbital 50 mg/kg 

intraperitoneally [17]. The animals were perfused 

through the left ventricle with 500 ml. of 10% neutral 

buffered formalin. The whole brain was obtained and 

cut in coronal direction to expose the hippocampus. 

The left hippocampus was used for light microscopic 

and immunohistochemical studies and was oriented 

to be sectioned in coronal direction. The right 

hippocampus was used for electron microscopic study 

and small pieces about 1 mm3 were cut in sagittal 

plane direction to study the myelin in the cross section 

of nerve fibers.  

 

Light microscopic study 

  Samples from the hippocampus were fixed in 

10% neutral buffered formalin and paraffin blocks 

were prepared. Serial sections (5µm thickness) were 

cut and then stained with hematoxylin and eosin (H 

& E) stain [18] for identification of the histological 

structure of the hippocampus and silver stain 

(Modified Bielschowsky method) [19] for staining of 

the nerve fibers axons. 

 

Immunohistochemical study 

For immunohistochemical study, staining was 

performed with anti-PCNA for detection of cell 

proliferation [20]. The primary antibody for PCNA 
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was a mouse monoclonal antibody (anti-PCNA, clone 

PC10), class IgG2a. Anti-PCNA (catalogue number: 

MAB424, Sigma-Aldrich, St. Louis, Missouri, USA) 

with a dilution of 1:200 (according to manufactural 

company). Serial paraffin sections were 

deparaffinized and rehydrated and stained according 

to Muniz Partida and Walters [21] and Nour, Sarhan 

[22]. Positive control slides for PCNA were prepared 

from rat testis (according to the data sheet of the 

manufacturer company), and the positive reaction 

was in the form of brown nuclear reaction. Negative 

control slides were prepared by the same steps of 

immune staining after omitting the step of incubation 

with the primary antibody [23]. 

 

Electron microscopic study  

Small specimens (1mm3) from the hippocampus were 

fixed in 2.5% glutaraldehyde and 2% 

paraformaldehyde in a 0.1 M phosphate buffer (pH 

7.4) overnight. Then, specimens prepared and stained 

according to Woods and Stirling [24]. The specimens 

were examined for myelin in cross section of nerve 

fibers by JEOL-JEM-100 SX transmission electron 

microscope in the Electron Microscopy unit, Faculty 

of Science, Alexandria University, Egypt. 
 

Morphometric study 

Six non-overlapping fields from all animals in each 

group were randomly chosen for the examination and 

were photographed using a ToupCam digital camera 

(XCAM1080PHA; 2.8 pixels, UK) attached to an 

Olympus® microscope with 0.5 X photo adaptor 

(CX23LEDRF; Japan), using objective lens 

depending on the required analysis. The resulted 

images were analyzed on Intel® Core I3® based 

computer using Video Test Morphology® software 

(Russia) with a specific built-in routine for calibrated 

distance measurement, area measurement, automated 

object analysis and color intensity. It was used to 

assess the number of PCNA positively stained 

cells/field (X1000).  

 

Statistical analysis 

The morphometric data was tabulated, 

coded, and then analyzed using the computer 

program SPSS (Statistical package for social science) 

version 26. Descriptive statistics were calculated in the 

form of mean ± Standard deviation (±SD). In the 

statistical comparison between the different groups, 

the significance of difference was tested using 

ANOVA (One-Way Analysis of Variance) to compare 

between more than two groups of numerical 

(parametric) data followed by post-hoc Tukey for 

multiple comparisons. P value < 0.05 was considered 

statistically significant.   

 

Results 

Light microscopic results  

Regarding mice mortality, one mouse in 

group II and one mouse in group III died during the 

experiment.  

 

Hematoxylin and Eosin stain  

The hippocampus of control group I was formed 

of two regions, the hippocampus proprius (HP) and the 

dentate gyrus (DG). The HP was separated from DG by 

the hippocampal sulcus. The HP was differentiated into 

CA1, CA2, CA3 & CA4 subregions. The DG 

surrounded CA4 by its upper & lower blades (Figure 1a).  

 

The CA1, CA2, CA3 and CA4 subregions in 

hippocampus proprius were similar in structure and 

were differentiated into the following layers from 

outside inside: the alveus, stratum oriens, stratum 

pyramidale, stratum radiatum and stratum 

lacunosum-moleculare. The alveus was the outermost 

layer and contained thick myelinated nerve fibers 

running horizontally, with neuroglia cells as 

astrocytes with large pale nuclei and oligodendroglia 

with darker smaller nuclei distributed among the 

nerve fibers. Stratum oriens showed neuroglial cells in 

between the thick myelinated and thin unmyelinated 

nerve fibers. Stratum pyramidale consisted of large 

densely packed pyramidal neurons, with rounded 

vesicular nuclei and prominent nucleoli. Stratum 

radiatum showed a radial streaking pattern of the 

nerve fibers of the apical dendrites of pyramidal 

neurons. Stratum lacunosum-moleculare showed thin 

unmyelinated horizontal nerve fibers and different 

neuroglial cells (Figures 1b, 1c, 1d). The DG 

appeared differentiated into molecular, granular and 

polymorphic layers. The molecular layer contained 

thin unmyelinated nerve fibers and neuroglial cells. 

The granular cell layer contained compactly arranged 

small granular cells with vesicular nuclei and 

prominent nucleoli. The polymorphic layer showed 

scattered polymorphic nuclei of neuroglial cells 

among thin unmyelinated mossy fibers. The 

subgranular zone was seen between the granular cell 

layer and the polymorphic layer of the DG. It 

contained few characteristic spindle-shaped cells with 

darkly stained nuclei, different from neuroglial cells 

(Figures 1e, 1f). 

 

In CPZ-administered group II, degenerative changes 

were mostly seen in CA1, CA2, CA3 subregions of 

HP and DG. The neuropil appeared markedly 

vacuolated, and oligodendroglia were few, 

degenerated and showed condensed nuclei in almost 

all layers of HP. There was disrupted cell organization 

and a marked reduction in the thickness of the 

pyramidal cell layer. Most of pyramidal cells showed 

darkly stained cytoplasm and condensed nuclei with 

empty areas of lost pyramidal cells. Microglia cells 

with small dense nuclei were frequently seen among 

degenerated pyramidal cells (Figures 2a, 2b). The DG 

also showed marked vacuolations of neuropil. Most of 

granular cells were shrunken with darkly stained 
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cytoplasm and condensed nuclei. The  characteristic 

spindle-shaped cells in subgranular zone were hardly 

identified (Figures 2c, 2d). 

 

In CPZ and FLV treated group III, there were less 

degenerative changes than those observed in group II. 

Neuropil showed mild vacuolations. Most of 

oligodendroglia were more or less similar to the 

control group. Stratum pyramidale revealed apparent 

mild decrease in thickness and contained some 

pyramidal cells with vesicular nuclei, while others 

were shrunken with darkly stained cytoplasm and 

condensed nuclei. Areas of glial tissue were seen 

replacing the degenerated pyramidal cells (Figures 2e, 

2f). The DG also showed mild vacuolations of 

neuropil. The granular cell layer was widely separated 

from surrounding neuropil. Some granular cells were 

shrunken with darkly stained cytoplasm and 

condensed nuclei and others showed vesicular nuclei. 

Some characteristic spindle-shaped cells with darkly 

stained nuclei were seen in subgranular zone. (Figures 

2g, 2h).  

 

Bielschowsky Silver stain 

In control group I, the axons of nerve fibers 

were stained dark brown to black against pale 

background. They appeared continuous in almost all 

layers, mainly in the alveus where they were thick, 

closely packed and arranged horizontally parallel to 

stratum pyramidale. Dark brown to black stained 

axons of nerve fibers were also seen in the molecular 

layer and among granular cells in DG (Figures 3a, 3b, 

3c). 

 

CPZ-administered group II revealed that most of dark 

brown to black stained axons of nerve fibers were 

degenerated, thin, interrupted, fragmented or 

granular, while few axons were still thick and 

continuous. Degenerated nerve fivers were distributed 

mainly in the alveus (where they were widely 

separated) and to less extent in the other layers and 

among pyramidal cells in the hippocampus proprius 

and also in the molecular layer and among the 

granular cells in the DG (Figures 3d, 3e, 3f). 

 

CPZ and FLV treated group III showed that some 

dark brown to black stained axons of nerve fibers 

appeared thick and continuous while others were thin, 

interrupted and fragmented, mainly in the alveus 

(where they were widely separated) and to less extent 

in other layers and among pyramidal cells in HP and 

also in molecular layer and among granular cells in 

the DG (Figures 3g, 3h, 3i). 

 

Immunohistochemical results  

Immunohistochemical staining for proliferating cell 

nuclear antigen (PCNA) 

 Positive control slides for PCNA were prepared 

from testis and showed brown positive cytoplasmic 

and nuclear reaction in the spermatogonia, while 

negative control slides were prepared from 

hippocampus (Figure 4a, 4b). 

 

  In control group I, a negative PCNA immune 

reaction was found in neurons and most of neuroglia 

in subregions of HP. However, a positive PCNA 

nuclear immune reaction was found in few nuclei of 

neuroglia similar to those of oligodendrocytes. Also, a 

positive PCNA nuclear immune reaction was found 

in few neurons in the granular cell layer of the DG just 

above the SGZ and in the characteristic spindle-

shaped cells in the SGZ (Figures 4c, 4d). 

 

In CPZ-administered group II, a negative PCNA 

immune reaction was found in neurons and most of 

neuroglia in subregions of HP. However, a positive 

PCNA nuclear immune reaction was found in more 

neuroglia; few of them were similar to 

oligodendrocytes while most of them were similar to 

astrocytes distributed among degenerated neurons. 

Occasional neurons in the granular cell layer of the 

DG just above the SGZ showed positive nuclear 

immune reaction (Figures 4e, 4f). 

 

CPZ and FLV treated group III showed occasional 

neurons with positive nuclear immune reaction in the 

subregions of HP. A positive PCNA nuclear immune 

reaction was found in few nuclei of neuroglia similar 

to those of astrocytes and oligodendroglia. Few 

neurons in the granular cell layer of the DG just above 

the SGZ, and occasional cells in SGZ showed positive 

nuclear immune reaction (Figures 4g, 4h). 

 

Electron microscopic results  

Ultrastructural changes of myeline surrounding 

nerve fibers were examined in the alveus layer of HP 

as it contained regularly arranged myelinated nerve 

fibers. In cross sections, control group I showed thick 

compact electron dense regularly arranged lamellar 

electron dense myelin sheath surrounding axons of 

nerve fibers containing mitochondria with intact 

cristae and neurofibrils (Figure 5a). 

 

CPZ-administered group II revealed that most of the 

nerve fibers were demyelinated or surrounded with 

degenerative changes in myeline sheath in the form of 

irregularly arranged myelin, splitting of the layers, and 

focal loss of the myelin. The axons of degenerated 

nerve fibers showed disintegration of neurofibrils and 

degenerated mitochondria (Figures 5b, 5c). 

 

In CPZ and FLV treated group III, some nerve fibers 

were myelinated with compact regular lamellar 

electron dense structure of myelin sheath. The 

axoplasm in myelinated nerve fibers contained 

regularly arranged neurofibrils and intact 

mitochondria. However, other nerve fibers showed 

some degenerative changes in their myelin sheath as 
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focal splitting of the myeline. (Figure 5d). 

 

Image analysis results and statistical analysis 

Number of cells (mean ± SD) with PCNA positive 

immune reaction in the hippocampus at a 

magnification x1000 in the different groups of the 

study 

A: In Hippocampus Proprius: 

Using ANOVA test: A significant (P <0.001) 

change was found in the mean number of the cells 

with PCNA positive immune reaction in 

hippocampus proprius among the different 

groups of the experiment (Table 1 & Histogram 

1).  

 

Post -hoc Tukey: As compared to control group 

I, a high significant decrease (P=0.001) in the 

mean number of positive PCNA immune stained 

cells was noticed in group II receiving CPZ, while 

in group III receiving FLV with CPZ, a significant 

increase (P=0.034) in the mean number of 

positive PCNA immune stained cells was seen. 

Group III (CPZ+ FLV) was significantly higher 

when compared to group II (receiving CPZ) (P< 

0.001) (Table 1 & Histogram 1). 

 

B: In Dentate Gyrus: 

Using ANOVA test: A significant (P <0.001) 

change was found in the mean number of the cells 

with PCNA positive immune reaction in the DG 

among the different groups of the experiment 

(Table 1 & Histogram 1).  

 

Post -hoc Tukey:  As compared to control group 

I, there was a high significant (P < 0.001) decrease 

in the mean number of the cells with PCNA 

positive immune reaction group II (receiving 

CPZ), however, group III (CPZ+ FLV) showed a 

significant increase (P=0.048) in the mean 

number of the cells with PCNA positive immune 

reaction. Group III (CPZ+ FLV) was 

significantly higher when compared to group II 

(receiving CPZ) (P< 0.001) (Table 1 & 

Histogram 1). 

 

RESULTS 

 
Figure 1. H&E stained sections of hippocampus in control group I (A) showing the different parts of the 

hippocampus; the hippocampus proprius differentiated into CA1, CA2, CA3 & CA4 subregions in addition to the 

dentate gyrus (DG) which is seen surrounding CA4 by its upper (arrow) & lower (curved arrow) blades. The 

hippocampus proprius is separated from the DG by the hippocampal sulcus (HS). (B) showing parts of CA1 and 

CA2 subregions in hippocampus proprius (HP) and the dentate gyrus (DG). The layers of HP from outside inside 
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are alveus (al), stratum oriens (st.or), stratum pyramidale (st.py), stratum radiatum (st.rd) and stratum lacunosum-

moleculare (st.lm). The DG is formed of: molecular layer (MoL), the granular layer (GrL) and the polymorphic layer 

(PoL). Notice the presence of the hippocampal sulcus (HS) between HP and DG. (C,D) showing parts of the different 

layers in CA1 subregion; alveus (al) contains thick myelinated nerve fibers (white asterisk). Stratum oriens (st.or) has 

scattered neuroglial cells with small dark nuclei similar to that of oligodendrocytes (thick arrows) among the nerve 

fibers (black asterisks). Stratum pyramidale (st.py) consists of large densely packed pyramidal neurons (white arrows) 

with rounded vesicular nuclei (N) and prominent nucleoli. Note the presence of neuroglia with a large plae nucleus 

similar to that of astrocyte (curved arrow). Stratum radiatum (st.rd) has radially streaking pattern of the nerve fibers 

(zigzag arrows).  (E,F) showing the DG differentiated into the molecular layer (MoL) containing thin unmyelinated 

nerve fibers (asterisks) and scattered neuroglial cells (arrow heads), granular layer (GrL) containing compactly 

arranged small granular cells (white arrows) with vesicular nuclei and prominent nucleoli (N), and polymorphic layer 

(PoL) containing scattered neuroglial cells with polymorphic nuclei (thick arrow).Note the presence of few 

characteristic spindle-shaped cells (tailed arrows) with darkly stained nuclei in subgranular zone (sub). (H&E: A X 

40, B X 100, C & E X 400, D & F X 1000)   
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Figure 2. H&E stained sections of hippocampus in group II (A, B, C, D) and group III (E, F, G, H). (A, B) showing 

parts of layers in CA1 subregion; stratum oriens (st.or), stratum pyramidal (st.py) and stratum radiatum (st.rd) with 

markedly vacuolated neuropil (V). Stratum pyramidale reveals disrupted cell organization with marked reduction in 

the thickness of the pyramidal cell layer. Most of pyramidal cells show darkly stained cytoplasm and condensed 

nuclei (zigzag arrows). Empty areas of loss of pyramidal cells (asterisks) and microglia cells (arrow heads) with small 

dense nuclei are frequently seen among degenerated pyramidal cells. (C, D) showing the DG, the molecular layer 

(MoL), granular cell layer (GrL) and polymorphic layer (PoL) appear with severe vacuolations of neuropil (V). 

Oligodendroglia (thick arrows) appear few, degenerated with condensed nuclei. Most of granular cells are shrunken 

with darkly stained cytoplasm and condensed nuclei (black arrows). Empty areas of loss of granular cells (asterisks) 

are observed. The  characteristic spindle-shaped cells (tailed arrows) in the subgranular zone (sub) are hardly 

identified. (E, F) showing parts of the different layers in CA1 subregion; stratum oriens (st.or), stratum pyramidal 

(st.py) and stratum radiatum (st.rd) with mild vacuolations of neuropil (V). Most of oligodendroglia (thick arrows) 

are more or less similar to control group. An apparent mild decrease in the thickness of pyramidal cell layer was 

observed. Some pyramidal cells with vesicular nuclei (white arrows) are seen, while other pyramidal cells are 

degenerated with darkly stained cytoplasm and condensed nuclei (zigzag arrows). Areas of glial tissue (black circles) 

are seen replacing the degenerated pyramidal cells. (G, H) showing the DG, the molecular layer (MoL), granular 

cell layer (GrL) and polymorphic layer (PoL) with mild vacuolations of neuropil (V). Few degenerated 

oligodendroglia with condensed nuclei (thick arrows) are seen. Some granular cells are shrunken with darkly stained 

cytoplasm and condensed nuclei (white arrows), and others show vesicular nuclei (black arrows). The granular cell 

layer is apparently separated from surrounding neuropil by extreme neuropil vacuolation (asterisks). Some 

characteristic spindle-shaped cells (tailed arrows) with darkly stained nuclei are seen in the subgranular zone (sub). 

(H&E: A, C, E, G X 400, B, D, F, H X 1000)   

 

 
Figure 3. Silver-stained sections of hippocampus in control group I (A, B, C), group II (D, E, F) and group III (G, 

H, I). (A) showing the alveus in CA1 subregion. Dark brown to black stained axons of nerve fibers (arrows) are thick, 

closely packed and run in a horizontal arrangement. (B) CA1 subregion show continuous dark brown to black stained 

axons of nerve fibers (arrows) against pale background in stratum oriens (st.or), among pyramidal cells in stratum 

pyramidale (st.py) and in stratum radiatum (st.rd). (C) showing the DG with continuous, dark brown to black axons 

of nerve fibers (arrows) against pale background in molecular layer (MoL) and among granular cells in granular cell 

layer (GrL). (D) In the alveus, most of dark brown to black stained axons of nerve fibers are thin, widely separated, 
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interrupted, fragmented and granular (zigzag arrows) while few axons are still thick and continuous (arrows). (E) 

showing CA1 subregion. Most of dark brown to black stained axons of nerve fibers are thin, interrupted and 

fragmented (zigzag arrows) in stratum oriens (st.or), among pyramidal cells in stratum pyramidale (st.py) and in 

stratum radiatum (st.rd). (F) showing the DG, most of dark brown to black stained axons of nerve fibers are thin, 

interrupted, fragmented and granular (zigzag arrows).  They are seen in the molecular layer (MoL) and the granular 

cell layer (GrL) among granular cells. (G) In the alveus, some brown to black stained axons of nerve fibers (arrows) 

are continuous and thick, while other axons are thin, widely separated, interrupted and fragmented (zigzag arrows). 

(H) showing CA1 subregion, some dark brown to black stained axons of nerve fibers appear thick and continuous 

(arrows) while other axons are thin, interrupted and fragmented (zigzag arrows) in stratum oriens (st.or), among 

pyramidal cells in stratum pyramidale (st.py) and in stratum radiatum (st.rd). (I) showing the molecular layer (MoL) 

and the granular cell layer (GrL) of DG containing some continuous dark brown to black stained axons of nerve 

fibers (arrow). Note the presence of some thin, interrupted axons (zigzag arrows) among granular cells. (Silver stain: 

A-I X 1000)   



© 2025 European Journal of Clinical Pharmacy; All Right Reserved 

 

2147 

 

How to Cite: Hamada NM, Soliman MFM, Moustafa AM, Mazroa SA. Potential Therapeutic Role of Fluvoxamine in 

Cuprizone-Induced Demyelination Model in the Hippocampus of Adult Male Mice: A Histological and 

Immunohistochemical Study. European Journal of Clinical Pharmacy. 2026;8(1):2139-2155. 
 

  

   

 
Figure 4. PCNA immuno-stained reaction. (A,B): positive and negative control, (C,D): control group I, (E,F): group 

II and (G,H): group III. (A): Positive control prepared from the testis shows brown positive cytoplasmic and nuclear 

immune reaction for PCNA in the spermatogonia (arrows). (B) Negative control prepared from hippocampus after 

omitting the primary Ab showing absence of the immune reaction. (C) parts of CA1 subregion showing a negative 



© 2025 European Journal of Clinical Pharmacy; All Right Reserved 

 

2148 

 

How to Cite: Hamada NM, Soliman MFM, Moustafa AM, Mazroa SA. Potential Therapeutic Role of Fluvoxamine in 

Cuprizone-Induced Demyelination Model in the Hippocampus of Adult Male Mice: A Histological and 

Immunohistochemical Study. European Journal of Clinical Pharmacy. 2026;8(1):2139-2155. 
 

  

   

immune reaction in stratum oriens (st.or), stratum pyramidale (st.py) and stratum radiatum (st.rd). Note a positive 

immune reaction in a small nucleus of neuroglia similar to that of oligodendrocyte (thick arrow). (D) the DG showing 

a positive nuclear immune reaction in one oligodendroglial cell (thick arrow) and in few neurons (arrows) in the 

granular cell layer (GrL) just above the subgranular zone (sub). Note the positive immune reaction in a nucleus (tailed 

arrow) of the characteristic spindle-shaped cell in the subgranular zone (sub). (E) parts of CA1 subregion showing 

negative nuclear immune reaction in stratum oriens (st.or), stratum pyramidale (st.py) and stratum radiatum (st.rd). 

Note a positive immune reaction in a small nucleus of neuroglia similar to that of oligodendrocyte (thick arrow) and 

a large nucleus similar to that of astrocyte (curved arrow) among degenerated pyramidal cells. (F) the DG showing 

a positive nuclear immune reaction in occasional neurons (arrows) in the granular cell layer (GrL) just above the 

subgranular zone (sub). (G) parts of CA1 subregion showing a positive nuclear immune reaction in one neuron 

(arrow) and in a large nucleus similar to that of astrocyte (curved arrow) and oligodendroglial cell (thick arrow) in 

stratum oriens (st.or), stratum pyramidale (st.py) and stratum radiatum (st.rd) (H) the DG showing a positive nuclear 

immune reaction in few neurons (arrows) in the granular cell layer (GrL) just above the SGZ (sub) and in one cell in 

the SGZ (tailed arrow).                                          

   (PCNA IHC: A, B X 400, C-H X 1000)   

 

 

 
Figure 5. Electron micrographs in the alveus layer of CA1 subregion of HP. (A) control group I showing cross section 

of  myelinated nerve fibers with thick compact electron dense lamellae (arrows) of  myelin sheath around the axon 

containing mitochondria (arrow heads) and neurofibrils (zigzag arrows). (B) group II showing degenerated nerve 
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fiber with splitting of layers of myelin sheath (thick arrow) and focal loss (crossed arrows) of the myelin in some 

areas. Note the disintegration of neurofibrils (asterisk) and degeneraed mitochondria (arrow head) in the axon of the 

nerve fiber. A demylinated degenerated nerve fiver is also noted (dashed white outline). (C) group II showing 

degenerated nerve fiber surrounded with remennants of the myelin sheath (arrow) and an area of focal loss (crossed 

arrow) of the myelin. Note the disintegration of neurofibrils (asterisk). (D) group III showing a myelinated nerve 

fiber with compact lamellar structure of  myelin sheath (arrow) around the axon containing mitochondria (arrow 

head) and neurofibrils (asterisks). Note the focal splitting (thick arrow) in some areas of the myelin sheath.                                             

(TEM; A, B, C & D X 30000) 

 

 

Table (1): Number of cells (mean± SD) with positive PCNA immune reaction in different groups of the experiment. 

  

Group I 

 

Group II (CPZ) 

 

Group III (CPZ and 

FLV treated group) 

 

 

 

Test of 

significance 

(ANOVA) 

 

 

Hippocampus 

proprius 

 

 

6.17 ± 1.83 

 

 

 

3.25 ± 0.71 

 

P1= 0.001** 

 

8.13 ± 1.25 

 

P2= 0.034* 

 

 

F = 18.457 

 

P < 0.001** 

   P3 < 0.001**  

 

 

DG 

 

 

9.33 ± 1.21 

 

 

 

 

4.63 ± 1.06 

 

P1 < 0.001** 

 

 

10.88 ± 1.36 

 

P2=0.048* 

 

 

 

F = 20.802 

 

P < 0.001** 

   P3 < 0.001**  

 

SD: standard deviation, F for ANOVA test 

   Statistically significant results if P ≤0.05 

 Highly statistically significant result if P ≤0.001 

P1: Significance between group II and control group I 

P2: Significance between group III and control group I 

P3: Significance between group III and group II 

 

 

 
*: Significance between group II and control group I 

#: Significance between group III and control group I 
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@: Significance between group III and group II 

 

Histogram (1): Number (mean±SD) of cells with PCNA positive immune reaction in different groups of the experiment 

 

 

DISCUSSION 
The current study was done to evaluate the effect of 

CPZ administration as a model of demyelination on 

the microscopic structure of the hippocampus, and to 

assess the effect of fluvoxamine administration 

through a histological and immunohistochemical 

study by the light microscope, in addition to studying 

the electron microscopic changes in the myelin of the 

nerve fibers in adult male mice. Examination of H&E 

sections in the hippocampus of the control group I 

showed that the hippocampus was formed of HP and 

DG. The HP was differentiated into CA1, CA2, CA3 

& CA4 subregions. Each subregion was further 

differentiated into alveus, stratum oriens, stratum 

pyramidale, stratum lucidum (in CA3 only), stratum 

radiatum and stratum lacunosum-moleculare. The 

DG was differentiated into molecular, granular and 

polymorphic layers. SGZ was seen between the 

granular cell layer and the polymorphic layer of the 

DG and contained few characteristic spindle-shaped 

cells different from interneurons and neuroglial cells. 

A similar description was provided by Treuting, 

Dintzis [25] and Mescher [26]. 

 

In many adult tissues, cell loss occurring through 

natural injury is balanced by the proliferation and 

differentiation of stem cells. Neurogenesis is the 

process by which new neurons are formed from neural 

stem cells (NSCs) in the brain. This process is most 

active during prenatal development, but it also 

continues in certain brain regions throughout 

adulthood. Adult NSCs are mainly found in the 

subventricular zone of the lateral ventricle and the 

SGZ of the hippocampal DG [27]. Neural stem cells 

are defined as multipotent, self-renewing cells in the 

CNS that are characterized by their ability to 

differentiate into neurons, astrocytes and 

oligodendrocytes. Adult NSCs have been identified as 

an endogenous source of neuro-regenerative cells that 

are mobilized during normal adult neurogenesis as 

well as in pathological conditions, after acute brain 

and spinal cord injury, stroke, epileptic seizures and 

intracerebral hemorrhage [28]. Adult NSCs appear 

with spindle or elongated cell bodies with extended 

processes projecting through the granule cell layer 

[29].  

 

PCNA is a nuclear protein used as a marker of cell 

proliferation in dividing cells and sometimes for DNA 

repair/maintenance in non-dividing cells [30]. PCNA 

immune-stained section of control group I 

hippocampus showed a negative PCNA immune 

reaction in almost all the neurons and neuroglia. 

However, a positive PCNA nuclear immune reaction 

was found in few nuclei of neuroglia similar to 

oligodendrocytes and in the nuclei of the 

characteristic spindle-shaped cells in the SGZ in 

addition to few neurons in the granular cell layer of 

the DG just above the SGZ. The current results are in 

agreement with the data of Alonso-Moreno, Gallardo-

Caballero [31].It has been reported that the cells that 

are PCNA positive tend to be localized in regions of 

adult neurogenesis, especially the SGZ of the DG 

[30]. 

 

The nerve fibers in the hippocampus were studied 

using silver stain and electron microscopy. Silver 

stained the axons of nerve fibers in control group I 

which appeared dark brown to black. They were thick, 

closely packed and arranged horizontally mainly in 

the alveus. These findings were similar to those 

described by Al-Neklawy [32] and Mazher and 

Hassan [33]. Electron microscope demonstrated the 

myelin sheath surrounding nerve fibers, which 

appeared thick, compact and formed of regularly 

arranged electron dense lamellae around the axons 

containing mitochondria and neurofibrils. These 

findings were similar to those described by Kirschner 

and Blaurock [34]. 

 

Cuprizone-induced demyelination model was 

performed in group II mice. The hippocampus 

revealed excess vacuolations of neuropil, in addition 

to extensive fragmentation and clumping of nerve 

fibers in almost all layers of regions and subregions of 

the hippocampus. In addition, a marked decrease in 

oligodendroglia was apparent. Degeneration of nerve 

fibers was evident also in silver stained sections where 

most of the axons of nerve fibers were thin, 

interrupted, fragmented, granular and widely 

separated. These findings come in agreement with 

Schultz, van der Meer [35], Buonvicino, Ranieri [36] 

and Saber [37]. Also ultrathin sections of the 

hippocampus of group II revealed demyelination of 

most of the nerve fibers. However, few nerve fibers 

were still myelinated but with degenerative changes in 

the form of irregularly arranged myelin, splitting and 

focal loss of the myelin sheath, with disintegration of 

neurofibrils and degenerated mitochondria. These 

findings are similar to those demonstrated by 

Rodrigues-Amorim, Bozzelli [38].  It has been stated 

that CPZ preferentially affects mature 

oligodendrocytes by disrupting copper-dependent 

mitochondrial enzymes (e.g., cytochrome c oxidase) 

leading to oxidative stress and cell death. The loss of 

oligodendrocytes causes widespread myelin sheath 

degradation. When myelin breaks down, it leaves 

behind lipid-rich debris and empty spaces in the 

neuropil resulting in fragmentation and clumping of 
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nerve fibers ([39]. Fragmentation reflects axonal 

breakdown and myelin disintegration resulting from 

oxidative stress and mitochondrial dysfunction within 

neurons and glial cells, in addition to inflammatory 

microglial activation which  release reactive oxygen 

species (ROS) and proteases that damage axonal 

membranes [40]. On the other hand, clumping occurs 

when damaged axons and myelin debris aggregate 

together, forming dense irregular masses. 

Cytoskeleton collapses within axons, causing them to 

retract and bunch up [41]. 

 

The CA1 subregion was the most affected one by CPZ 

in group II. Das, Bastian [42] reported a rapid 

degeneration of CA1 activity following initiation of 

CPZ diet including reduction in CA1 neuronal 

activity and synaptic transmission. CA1 neurons and 

axons have exceptionally high metabolic demand and 

are rich in mitochondria. CPZ causes mitochondrial 

dysfunction and oxidative stress. Therefore, the CA1’s 

high energy consumption makes it particularly 

susceptible. Jhelum, Santos-Nogueira [43] stated that 

CA1 subregion has greater iron accumulation than 

CA3 or DG. CPZ disrupts iron-copper balance 

resulting in enhanced free-radical generation, 

damaging oligodendrocytes and myelin. In addition, 

in CA1 subregion, oligodendrocytes are less mature 

and fewer in number compared with other 

hippocampal subregions, making them more sensitive 

to cuprizone toxicity [44].  

 

In the present study, CPZ administration affected 

hippocampal neurons as well. There was a marked 

reduction in the thickness of the pyramidal cell layer 

and most of pyramidal cells showed darkly stained 

cytoplasm and condensed nuclei. Areas of glial tissue 

were seen replacing the degenerated pyramidal cells. 

Most of granular cells were shrunken with darkly 

stained cytoplasm and condensed nuclei, as well. 

These findings can be explained by the established 

toxicology of CPZ on oligodendrocyte which 

normally provide metabolic and trophic support to 

neurons by supplying lactate as an energy substrate 

and secreting neurotrophic factors such as BDNF and 

IGF-1. Therefore, the loss of oligodendrocytes 

deprives neurons of these supportive mechanisms, 

leading to metabolic stress and eventual neuronal 

degeneration. These mechanisms have been 

previously described in CPZ models and provide an 

explanation for the histological alterations observed 

here [45-47]. 

 

In the present study, the characteristic spindle-shaped 

cells in the SGZ were not detected in group II CPZ 

model. These findings come in agreement with 

Zhang, Kim [48] who reported that hippocampal 

neurogenesis was nearly absent in CPZ-treated mice 

due to inhibited NSC proliferation. It has been proved 

that CPZ elevates cytokine and ROS levels which 

suppress NSC proliferation, induce apoptosis and 

disrupt the balance between self-renewal and 

differentiation. Furthermore, inflammatory mediators 

can shift NSCs toward astrocytic differentiation rather 

than neurogenesis. Reactive astrocytes proliferate in 

response to CPZ-induced inflammation, release 

further inhibitory factors (e.g., BMPs and 

chemokines) and contribute to structural remodelling 

of the neurogenic niche, making it less liberal for 

neurogenesis [49]. 

 

 Luo, Zhang [50] and Molinari, Byrne [51], confirmed 

that CPZ disrupts NSC dynamics in hippocampal 

SGZ that negatively affects the proliferation and 

viability of neural stem and progenitor cells leading to 

diminished neurogenesis. This can explain the results 

of PCNA immune reaction observed in group II in our 

study. There was a negative PCNA immune reaction 

in most of neuroglia and in neurons apart from very 

few neurons still showing a positive nuclear immune 

reaction in the granular cell layer of the DG just above 

the SGZ. This comes in agreement with Hahn, Kwon 

[52] and Hahn, Kwon [53] who stated that the absence 

or weak expression of PCNA suggests a reduction in 

proliferative activity following cuprizone exposure. 

However, a positive PCNA nuclear immune reaction 

was found in our study in some nuclei of neuroglia 

similar to those of oligodendrocytes and astrocytes. 

Oligodendrocytes were few while astrocytes were 

markedly increased. This can be explained by 

Escartin, Galea [54] and Marangon, Castro e Silva 

[55] who showed that a positive nuclear immune 

reaction for PCNA in neuroglia, including astrocytes 

and oligodendrocytes, is an indicator of active cellular 

processes, such as cell proliferation or DNA repair. 

Oligodendrocyte precursor cells can proliferate and 

differentiate into mature oligodendrocytes to repair 

the damaged myelin sheath. A positive PCNA 

reaction seen in these cells could indicate repair 

attempt. Astrocytes react to CPZ exposure through a 

process called reactive astrogliosis, which involves a 

change in morphology and an increase in 

proliferation.  

 

Fluvoxamine is a selective serotonin reuptake 

inhibitor (SSRI) with high affinity for the sigma-1 

receptor. Recently, it has gained attention for its 

potential neuroprotective and anti-inflammatory 

properties in neurodegenerative disorders [59]. 

Therefore, in the present study, fluvoxamine was 

given to the group III mice to investigate whether it 

can ameliorate degenerative changes and 

demyelination effect of CPZ. Examination of the 

hippocampus in group III showed less evident 

degenerative changes. The vacuolations in the 

neuropil was a mild, but oligodendroglia were more 

or less similar to control group I. Axons of nerve fibers 

showed mild fragmentation and clumping. Silver-

stained sections of group III showed that some axons 

of nerve fibers appeared continuous while others were 

thin, interrupted and fragmented. These findings can 
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be explained by Bu, Liu [56] who stated that SSRI 

promoted proliferation and differentiation of 

oligodendrocyte precursor cells and restored myelin 

integrity in a corticosterone-induced myelin damage 

model. 

 

Examination of the myelin in ultrathin sections of the 

hippocampus in group III revealed that some nerve 

fibers were myelinated with compact lamellar 

structure of myelin sheath around the axons, while 

others were demyelinated or myelinated with 

degenerative changes as focal splitting of the myelin 

sheath. These findings are similar to that of 

Ghareghani, Zibara [14] who stated that FLV 

enhances remyelination by stimulating the 

proliferation and differentiation of NSCs into new 

oligodendrocytes. In addition, FLV significantly 

decreased the area of demyelination plaques in the 

spinal cord. This was accompanied by an increase in 

Myelin Basic Protein (MBP) expression, a marker for 

myelin. Besides, FLV has been noted with anti-

inflammatory effect by regulating the function of ER-

resident protein sigma-1 receptor (S1R), an important 

modulator for innate and adaptive immune responses 

[57]. In addition, FLV decreased pro-inflammatory 

cytokines (IFN-γ) and increasing anti-inflammatory 

ones (IL-4). This reduced neuroinflammation creates 

a more favorable environment for myelin repair [58]. 

Experimental studies using animal models of other 

neurodegenerative disorders as multiple sclerosis 

(MS) have demonstrated that FLV can reduce 

demyelination, limit immune cell infiltration and 

attenuate disease severity. These effects are believed 

to arise from suppression of pro-inflammatory 

cytokines (such as IFN-γ and TNF-α) and 

upregulation of anti-inflammatory markers like IL-4. 

Moreover, fluvoxamine has been shown to promote 

neural stem cell proliferation and oligodendrocyte 

differentiation, enhancing remyelination through 

increased expression of myelin basic protein (MBP). 

Its activation of the sigma-1 receptor may also reduce 

endoplasmic reticulum stress and protect against 

mitochondrial dysfunction [59, 60]. 

 

Regarding the changes in the neurons in the 

hippocampus of group III mice of the present study, a 

mild decrease in the thickness of pyramidal cell layer 

was observed. Some pyramidal cells had vesicular 

nuclei while others were shrunken with darkly stained 

cytoplasm and condensed nuclei. Similarly, some 

granular cells had vesicular nuclei, while others were 

shrunken with darkly stained cytoplasm and 

condensed nuclei. The characteristic spindle-shaped 

cells with darkly stained nuclei were seen. These 

findings come in agreement with Shi, Mi [61] who 

showed that FLV reduces peripheral immune cell 

infiltration, neuronal apoptosis, BBB disruption and 

tissue damage after injury. Also, Tepebaşı, Aşcı [62] 

stated that FLV treatment was shown to increase 

apelin expression (an endogenous neuropeptide 

associated with neuroprotection, inflammation 

regulation and oxidative stress reduction) while 

reducing markers of inflammation and oxidative 

stress as GFAP. This proves that FLV has 

neuroprotective effects. In addition, Elbeltagy, 

Mansour [63] demonstrated that FLV has 

neuroprotective capability by attenuating neurotoxin-

induced-dopaminergic degeneration in an animal 

model of Parkinson’s disease. This can explain the 

results of the immune reaction of PCNA detected in 

group III of the present study. A positive PCNA 

immune reaction was seen in few nuclei of neuroglia 

similar to astrocytes and oligodendrocytes, in addition 

to a positive nuclear immune reaction in some 

neurons in the granular cell layer of DG just above the 

SGZ. These findings come in agreement with 

Ghareghani, Zibara [14] who found that FLV 

enhanced cell proliferation, viability and 

differentiation of astrocytes, oligodendrocytes and 

neural stem cells. 

 

Conclusion 

Cuprizone (CPZ) provided an acceptable model of 

demyelination as it produced structural 

neurodegenerative and demyelinated changes. 

Fluvoxamine (FLV) partially regenerated myelin and 

helped in neuro-regeneration in CPZ model of 

demyelination induced in the hippocampus of adult 

mice. 
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