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 Lead is considered as one of the most poisonous heavy metals for humans 

and animals. Cerebellar Purkinje cells are the most sensitive elements to 

oxidative stress caused by lead toxicity. The aim of the study was to 

illustrate the effect of lead and its withdrawal on cerebellar morphology to 

elucidate a pathological basis of cerebellar dysfunction by representing 

histopathological, inflammatory immune-cytochemical and electron 

microscopic (E/M) changes. Fifteen healthy adult male albino rats were 

used. They divided into three groups (group I: control group, group II: lead 

acetate injected group, and group III: recovery group). Rats were sacrificed; 

the cerebellum was removed. Haematoxylin and eosin, 

immunohistochemical sections, and E/M sections were prepared. 

Quantitative histomorphometeric estimation was done. Light microscopic 

examination revealed destruction of cerebellar grey matter cells especially 

Purkinje cells and distortion of the white matter of group II. Glial fibrillary 

acidic protein(GFAP) and Cyclo-oxigenase2 (COX2) immunostaining 

revealed reactive gliosis and inflammatory changes. Statistical analysis 

revealed increase in mean area percent of GFAP and COX2 sections in 

molecular and granular layers, respectively. E/M examination displayed 

distortion of all cerebellar layers. Group III revealed partial recovery of 

cerebellar structure as well as mild GFAP and COX2 immunoreactions. 

Significant decrease in mean area percent of GFAP and COX2 sections was 

detected. E/M inspection of cerebellar grey matter cells showed intact 

organelles and myelinated axons. This study proved the deleterious effects 

of lead on rat cerebellum especially on Purkinje cell layer. Withdrawal of 

lead improved these effects. 

 

 

 

   

 

This work is licensed under a Creative Commons Attribution Non-Commercial 4.0 

International License. 

 

 

1. INTRODUCTION 

Lead is considered as one of the most poisonous heavy metals for humans and animals that affects different 

systems in the body [1]. It has been utilized in manufacturing eye cosmetics, pipes, paints, pesticides, 
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construction materials, ceramics and electronic components [2]. According to the World Health Organization, 

high levels of lead exposure can cause brain, liver, nerve, hematopoietic, renal and stomach damage, as well 

as permanent intellectual and developmental disabilities [3]. 

 

The mechanism of toxicity is common to all toxic metals, including lead. Toxicity is caused by oxidative 

stress leading to lipid peroxidation secondary to generation of reactive oxygen species (ROS) [3]. The brain 

including cerebrum and cerebellum, is particularly vulnerable to oxidative stress because of its high oxygen 

consumption and relatively poor antioxidant systems [3], [4]. Lead as a toxicant disturbs the central nervous 

system due to its capability to cross the blood-brain barrier [5]. The most sensitive elements of the cerebellum 

are the Purkinje cells; as they are the main output from the cerebellum in its synchronization of body 

movement, balance and posture [6]. Reduced capacity of cerebellar neurons to detoxify ROS leads to 

alteration in the histology and neurological functions of cerebellum [3].  Lead acetate inflammatory changes 

on cerebellar structure and recovery of cerebellar structure after lead acetate withdrawal were not declared in 

previous studies. Also, electro-microscopic changes of the cerebellar structure especially Golgi cells and 

myline sheathes were not demonstrated clearly in previous studies. 

 

The present study was assigned to demonstrate the effect of lead acetate administration and its withdrawal on 

the structure of the cerebellum of adult male albino rat. The study aimed also to provide a morphological 

basis to explain the pathogenesis of cerebellar dysfunction by demonstrating histopathological changes and 

Immune-cytochemical inflammatory changes by using Glial Fibrillary Acid Protein (GFAP) and Cyclo-

oxgenase2(COX2) proteins. Also, Electro-microscopic changes of the cerebellar structure especially Golgi 

cells and myline sheathes were declared in this study. 

 

2. Materials and methods 

 

2.1 Chemicals 

Lead acetate trihydrate [(C2H3O2)2Pb.3H2O] (PbAc) was prepared by dissolving 100 mg in100 ml of 

distilled water; the solution was replaced daily to minimize the presence of lead precipitates [7], [8]. 

 

2.2 Animals 

The experimental study was approved by Cairo University Institutional Animal Care and Use Committee 

(CU- IACUC). Fifteen adult male albino rats of Sprague-Dawly strain weighing 200 ± 20 g from Kaser El-

Aini Animal House were used in the study. The animals were housed according to the standard guidelines of 

the Institutional Animal Care and Use Committee and after Institutional Review Board approval. Each five 

rats were housed in separate cages at room temperature with free access to drinking water ad libitum. 

 

2.2.1 Experimental design 

The rats were divided into three groups (five rats in each) as follows:  

Group I (control group): the rats were allowed free access of water and pellets.  

Group II (lead acetate group): the rats received intra-peritoneal injection of lead-acetate once per day at a 

dose of 20 mg/kg body weight for 14 days [7], [8]. 

 

Group III (recovery group): the animals received the same dose of lead acetate for two weeks then they were 

observed for spontaneous recovery after 12 weeks. 

 

2.3 Methods 

The animals were sacrificed at the end of the experiment by cervical dislocation. The skull of each rat was 
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opened by a circular incision. The skull cap was removed and the cerebrum was elevated and retracted by the 

blunt method. The dural folds were dissected to reach the cerebellum then the cerebellum was removed 

cautiously and prepared for the following: 

1-Light microscopic study: 

The right half of the cerebellum was fixed in Bouin solution, dehydrated in ascending grades of ethanol, 

cleared in methyl benzoate and embedded in paraffin wax. Paraffin sections of 5 microns were prepared and 

stained with Hematoxylin and Eosin (Hx&E) stain [9]. 

 

2-Immunocytochemical study: 

A) Glial Fibrillary Acid Protein (GFAP): for detection of astrocyte protein. The paraffin sections were de-

paraffinized on examined slides for localization of GFAP using avidin–biotin-complex (ABC) 

immunoperoxidase technique. The slides were washed with phosphate buffer then incubated with the 

secondary anti-mouse antibodies universal kits obtained from Zymed Corporation (South San Francisco, 

California 94080 United States). Staining was completed by incubation with substrate chromogen DAB (3,30 

Diaminobenzidine) for 5–10 minutes which resulted in brown-colored precipitate at the antigen sites and 

Mayer’s Hematoxylin was used as a counter stain. Positive control was IMR5 cells in the brain [10]. 

B) Cyclo-oxgenase2 protein (COX2): for detection of inflammatory changes. The sections of 5mm thickness 

were de-parafinized and antigen retrieval was performed by microwaving the sections in 0.01 M sodium 

citrate buffer (pH 6.0). The slides were then rinsed in (phosphate buffer solution) PBS, blocked with normal 

goat serum and incubated, respectively with the primary antibodies COX2 (diluted 1:200 in PBS, Thermo 

Fisher Scientific, USA) overnight at 4 ºC. Dark brown staining of the cytoplasm was considered a positive 

response [11].  

 

3-Electron microscopic examination 

Small tissue blocks were inserted in paraformaldehyde-glutaraldehyde in phosphate buffer. Specimens were 

post-fixed in 1% Osmium tetraoxide for one hour, washed in 0.1 M phosphate buffer (pH 7.3), then 

dehydrated in graded ethanol and embedded in an open Araldite mixture Semi-thin sections (1 mm) were cut, 

stained with Toluidine Blue and examined with a light microscope. Ultra-thin sections were cut and stained 

with uranyl acetate and lead citrate, then examined and photographed by JEOL JEM 1010 transmission 

electron microscope in electron microscope research laboratory, Faculty of Agriculture Research Center. The 

grids were inserted into the specimen holder. At first low magnification was used to locate the specimen, and 

then higher magnification was used to identify cells and evaluate the findings [12]. 

 

4- Quantitative Morphometric Study: 

Immuno-cytochemical stained sections:   

a) The area percentage of GFAP immune reaction in the cerebellar cortex (molecular layer) in the high power 

field (x400). 

b) The area percentage of COX2 immune reaction in the cerebellar cortex (granular layer) in the high power 

field (x400). 

Measurements were taken by independent observers. From each animal, 5 sections were observed and from 

each section ten non-overlapping different regions were investigated by using the Leica LAS V3.8 image 

analyzer computer system (Switzerland).  

 

2.4 Statistical Analysis 

The measurements were graphically depicted and subjected to statistical analysis. Data were coded and 

entered using the statistical package SPSS version 25. Data were summarized using mean +standard deviation 

(SD) quantitative variables. Comparisons between groups were done using analysis of variance (ANOVA) 



Gergis, et.al, 2022                                                                                                          Teikyo Medical Journal 

 

3694 
 

with multiple comparisons post hoc test. Significance was considered when the p-value was ≤ 0.05. 

 

3. Results 

 

3.1 Light microscopic and Immuno-cytochemical results 

A) Cerebellar grey matter: 

Histological examination of H&E-stained sections of group I showed that; the grey matter consisted of three 

layers: outer molecular layer, middle Purkinje cell layer, and inner granular cell layer. The Purkinje cell layer 

showed single layer of cells with large flask shaped body and apical dendrites projecting into the outer 

molecular layer. Also, basophilic granular cytoplasm and Nissl granules were seen. The granular layer was 

formed of tightly packed cells with basophilic cytoplasm separated by small acidophilic areas (glomeruli). 

The molecular layer enclosed nerve fibers and normal basket cells (Fig.1A). Examination of group II (lead 

acetate treated group) showed marked alteration in cerebellar cortical layers especially Purkinje cell layer. 

Purkinje cells were irregular, shrunken with peri-neuronal vacuolation. Numerous astrocytes were seen 

between the Purkinje cells (Fig.1B). The cells of the granular layer exhibited pyknosis and pericellular 

unstained haloes. The molecular layer showed multiple vacuolated areas, shrunken basket and irregular 

stellate cells (Fig.1B). Group III (recovery group) revealed apparently normal Purkinje cells apart from mild 

perineuronal vacuolation (Fig.1C.). The granular cell layer was apparently normal apart from few deeply 

stained cells. The molecular layer showed mildly separated nerve fibers and apparently normal basket cells 

(Fig.1C). 

 

Immuno-cytochemical stained sections for GFAP of group I showed few GFAP positive cells (Fig.1D). In 

group II, there was strong positive GFAP immunoreaction (Fig.1E). Group III revealed few GFAP positive 

cells (Fig.1F). Immuno-cytochemical stained sections for COX2 showed mild COX2 immunoreaction in the 

cytoplasm of the cells of group I (Fig.1G). In group II, strong positive immunoreaction in the cytoplasm of 

its cells was detected (Fig.1H). The cytoplasm of the cells of group III exhibited mild COX2 immunoreaction 

in (Fig.1I). 

 

 
Figure 1. Photomicrograph of sections of rat cerebellar grey matter in different groups showing: (A) Purkinje 

cells (P) with basophilic granular cytoplasm &Nissl granules (arrow head).  The granule cells (G) are 
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separated by glomeruli (thin black arrow). Nerve processes (white arrow) and basket cells (thick black arrows) 

are illustrated in the molecular layer (M) in group I (H&E x 1000). (B) Shrunken Purkinje cells) P) surrounded 

by clear spaces (thick black arrows). Astrocytes (arrow heads) are seen between Purkinje cells. The granule 

cells (G) are dark and shrunken with unstained haloes in between (asterisks). The molecular layer (M) shows 

areas of vacuolation (long black arrow), shrunken basket (white arrow) and irregular stellate cells (short black 

arrow) in group II (H&E x 1000). (C) Apparently normal Purkinje cells (P) extending their axons (short black 

arrow) in the molecular layer (M). Mild perineuronal vacuolation (asterisks) is shown. The granular layer (G) 

exhibits few deeply stained cells (white arrowhead). Mildly separated nerve fibers (long white arrow) and 

apparently normal basket cells (short white arrow) are demonstrated in the molecular layer (M) in group III 

(H&E x1000). (D) Few astrocytes (arrows) in the molecular (M) and granular (G) layers. Purkinje cell layer) 

P) is illustrated in group I (GFAP x 400). (E) Abundant GFAP- positive astrocytes (arrows) in the molecular 

(M), Purkinje (P) and granular (G) layers in group II (GFAP x 400). (F) Few GFAP-positive astrocytes 

(arrow) in the granular layer (G). Purkinje (P) and molecular (M) layers are shown in group III (GFAP x 400). 

(G) Mild COX2 immunoreaction in the cytoplasm of the cells of molecular (M), Purkinje (P) and granular 

(G) layers in group I (COX2 x 400). (H) Strong COX2 immuno-reaction in the cytoplasm of cells of the 

molecular (M), Purkinje (P) and granular (G) layers in group II (COX2 x 400). (I) Mild COX2 

immunoreaction in the cytoplasm of the cells of molecular (M), Purkinje (P) and granular (G) layers in group 

III (COX2 x 400). 

 

B) Cerebellar white matter  

Histological examination of H&E-stained sections of group I showed well-organized nerve fibers with 

supporting neuroglial cells in between (Fig.2A). The white matter revealed shrunken neuroglial cells, 

separated nerve fibers and vacuolated areas (Fig. 2B) in group II. Well-organized nerve fibers were observed 

in group III. Also, apparently normal neuroglial cells and few shrunken cells were detected (Fig.2C). 

 

Immuno-cytochemical stained sections for GFAP examination of group I exhibited few GFAP positive cells 

and supporting neuroglial cells (Fig. 2D). In group II, there was abundant GFAP positive cells between 

neuroglial cells (Fig.2E). Few GFAP positive cells and supporting neuroglial cells were detected in the white 

matter of group III (Fig.2F).  Mild COX2 immunoreaction was detected in the cytoplasm of the cells of group 

I (Fig.2 G). Strong positive COX2 immunoreaction was seen in the cytoplasm of the cells of group II (Fig.2H). 

The cytoplasm of the cells of group III revealed mild COX2 immunoreaction (Fig.2 I). 
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Figure 2. Photomicrograph of sections of rat cerebellar white matter in different groups showing: (A) Well 

organized nerve fibers (white arrows) and supporting neuroglial cells (black arrows) in group I (H&E x 1000). 

(B) Vacuolated neuropil and separated nerve fibers (white arrows). Deeply stained shrunken neuroglial cells 

(black arrows) are shown in group II (H&E x 1000). (C) Well organized nerve fibres (white arrows). 

Supporting neuroglial cells appear mostly normal (black arrows) while some neuroglial cells (curved arrows) 

appear shrunken in group III (H&E x 1000). (D) Few GFAP-positive astrocytes (long arrows). Supporting 

neuroglial cells (short arrows) are shown in group I (GFAP x 1000). (E) Abundant GFAP-positive astrocytes 

(long arrows) between neuroglial cells (short arrows) in group II (GFAP x 1000). (F) Few GFAP-positive 

astrocytes (long arrows). Supporting neuroglial cells (short arrows) are demonstrated in group III (GFAP x 

1000). (G) Mild COX2 immunoreaction in the cytoplasm of neuroglial cells (arrows) in group I (COX2 x 

1000). (H) Strong positive COX2 immuno-reaction in the cytoplasm of neuroglial cells (arrows) in group II 

(COX2 x 1000). (I) Mild COX2 immunoreaction in the cytoplasm of neuroglial cells (arrows) in group III 

(COX2 x 1000). 

 

3.2 Electron microscopic results 

Electron microscopic examination of cerebellar cortex of group I showed Purkinje cells with abundant well-

developed mitochondria and well developed rough endoplasmic reticulum (Fig.3A). In group II, the Purkinje 

cells exhibited ballooned mitochondria and distorted rough endoplasmic reticulum (Fig.3B). In group III, the 

Purkinje cells revealed abundant intact mitochondria and well-developed rough endoplasmic reticulum 

(Fig.3C). 

 

Electron microscopic examination of the granular layer revealed two types of cells, granule and Golgi cells. 

Group I showed granule cells with euchromatic nuclei, prominent nucleoli and intact nuclear membrane 

(Fig.3D). In group II, granule cells exhibited heterochromatic nuclei, absent nucleolei, margination of 

heterochromatin and disrupted nuclear envelop (Fig. 3E). In group III, granule cells revealed euchromatic 

nuclei, prominent nucleoli and surrounded by intact nuclear envelop (Fig.3F). Regarding Golgi cells in group 

I, they exhibited euchromatic nuclei and prominent nucleoli. Intact mitochondria and well-developed rough 

endoplasmic reticulum were detected in their cytoplasm (Fig.3G). In group II, Golgi cells revealed irregular 

nuclei, peripheral heterochromatin and absent nucleoli. Their nuclei were surrounded by an indented irregular 
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nuclear envelope. The cytoplasm contained areas of degeneration (Fig.3H). In group III, Golgi cells showed 

heterochromatic nuclei, prominent nucleoli and surrounded by intact nuclear envelope. Their cytoplasm 

revealed intact mitochondria and regular cytoplasmic membrane (Fig.3I). 

 

The molecular layer of group I exhibited intact myelinated axons with well-developed compact lamellar 

layers of the myelin sheath (Fig.3J).  In group II, the molecular layer revealed thinning and splitting of 

myelinated nerve axons with absent organelles (Fig.3K). In group III, Intact myelinated axons with regular 

compact lamellar structure were seen. Few degenerated axons were detected (Fig.3L). 

 

 
Figure 3. Electronphotomicrograph of sections of rat cerebellar grey matter in different groups showing: (A) 

Purkinje cell with numerous intact mitochondria (arrows) and well- developed rough endoplasmic reticulum 

(circle) in group I (x15000). (B) Purkinje cell with ballooned mitochondria (arrow) and distorted rough 

endoplasmic reticulum (dotted arrow) in group II (x15000). (C) Purkinje cell with abundant intact 

mitochondria (arrows) and well-developed rough endoplasmic reticulum (circle) in group III (x15000). (D) 

Granule cell with euchromatic nucleus (N), prominent nucleolus (n) and intact nuclear membrane (arrow) in 

group I (x15000). (E) Granule cell with heterochromatic nucleus (N), margination of heterochromatin, absent 

nucleolus and disrupted nuclear envelop (black arrow) in group II (x15000). (F) Granule cell with 

euchromatic nucleus (N), prominent nucleolus (n) and intact nuclear envelop (arrow) in group III (x150000). 

(G) Golgi cell with euchromatic nucleus (N), prominent nucleolus (n) and surrounded by intact nuclear 

envelope (black arrow). Well-developed rough endoplasmic reticulum (circle) and intact mitochondria (white 

arrows) are shown in group I (x15000). (H) Golgi cell with an irregular nucleus (N), peripheral 

heterochromatin, absent nucleolus and irregular nuclear envelope (black arrow). The cytoplasm contains areas 

of degeneration (white arrow) in group II (x15000). (I) Golgi cell with heterochromatic nucleus (N), 

prominent nucleolus (n) and regular nuclear envelope (short black arrow). The cytoplasm contains well 

developed mitochondria (white arrow) and surrounded by regular cytoplasmic membrane (long black arrow) 

in group III (x15000). (J)  Intact myelinated axon. Notice the compact lamellar structure (white arrow) of the 

myelin sheath in group I (x15000). (K) Ruptured myelin sheath (white arrow) and absent organelles in group 

II (x15000). (L) Myelinated axons with regular compact lamellar structure (white arrow). Few degenerated 

axons (black arrows) are demonstrated in group III(x20000). 
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3.3 Morphometric results 

a. The mean area percentage of GFAP immune-stained sections: 

There was a statically significant increase in the mean area percentage of GFAP stained sections in the 

molecular layer in group II as compared to group I. Statistically significant decrease in the mean area percent 

of GFAP stained sections was found in the molecular layer in group III as compared to group II. When 

comparing group III to group I, the difference was statistically non-significant (Table 1). 

 

Table (1): Comparison of mean area percent of GFAP immunostaining in molecular layer among the 

studied groups: 

Group GFAP% 
Mean±SD 

Comparative groups 

Group I 22.00 ± 2.53  

Group II 44.48±5.46 Group I* 

Group III* 

Group III 22.39±2.23 Group I 
Group II* 

 

*:    Significant (P < 0.05); Glial Fibrillary Acidic Protein: GFAP; SD: standard deviation. 

 

b. The mean area percentage of COX2 immune-stained sections: 

The mean area percentage of COX2 stained sections in the granular layer showed significant increase in group 

II compared to group I. In group III, the mean area percent of COX2 stained sections of the granular layer 

revealed statistically significant decrease as compared to group II. The difference was non-significant when 

comparing group III to group I (Table 2). 

 

Table (2): Comparison of mean area percent of COX2 immunostaining in granular layer among the studied 

groups: 

 

 

 

 

 

 

 

 

 

 

*:    Significant (P < 0.05); Cyclo-oxigenase2 (COX2); SD: standard deviation.   

 

4. Discussion 

Lead toxicity is considered as an impending factor in brain damage, mental mutilation, behavioral 

abnormalities, neuromuscular weakness and impaired cognitive functions in experimental animals [13]. The 

current study investigated the effect of lead acetate administration and its withdrawal on the structure of rat 

cerebellum. 

 

Group COX2 % 

Mean ± SD 

Comparative groups 

Group I 25.36±5.49  

Group II 55.99±5.97 Group I* 

Group III*  

Group III 28.16±6.07 Group I 
Group II* 
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Several structural changes in the cerebellum were observed in the current study. Light microscopic 

examination of the cerebellar cortical sections from group II revealed that Purkinje cells were shrunken with 

peri-neuronal vacuolation. The results agreed with [14], [15] who explained these changes by the high 

vulnerability of Purkinje cells to damage by lead intoxication. 

 

In the present work, light microscopic examination of the granular layer cells in the cerebellar cortex from 

group II revealed pyknotic nuclei with pericellular unstained haloes. These findings were in accordance with 

[16].  

 

The present study proved marked histological alterations in the molecular layer of group II as areas of 

degeneration, scattered shrunken basket and irregular stellate cells.   

 

Light examination of white matter cerebellar sections from group II revealed vacuolated, disorganized 

neuropil with widely separated nerve fibers.  Also, small deeply stained shrunken and irregular neuroglial 

cells were seen.  These observations were in accordance with [16]. 

 

The changes of Purkinje cells and granular layer cells in group II were confirmed by electron microscopic 

examination. The Purkinje cells showed ballooned mitochondria and distorted rough endoplasmic reticulum. 

These data were comparable to the results of with [17], [18].  The granule cells revealed irregular nuclei with 

margination of heterochromatin and cytoplasmic degenerated areas. These observations agreed with [18] who 

detected increased condensation of nuclear chromatin and vacuolated cytoplasm in granule cells.  

 

In the present work, ultrastructural examination of cerebellar sections from group II revealed Golgi cells with 

irregular nuclei, peripheral heterochromatin, absent nucleoli and indented irregular nuclear envelope. The 

cytoplasm contained areas of degeneration. Moreover, ruptured myelin sheath with absence of organelles was 

observed. 

 

The histological alterations in the cerebellum that found in the present work was explained by [19] who, 

reported sensitivity of cerebellar cells especially Purkinje cells to oxidative stress. It was mentioned that lead 

intoxication resulted in generation of reactive oxygen species causing lipid peroxidation with subsequent loss 

of cell membrane integrity [16]. Moreover, the neuronal cell death resulted from lead intoxication might be 

due to the synthesis of hazardous neuronal protein, interfering with both axonal flow and the integrity of 

Purkinje neurons [3]. 

 

In the current work, abundant GFAP-positive astrocytes were seen in the cerebellar cortex, in group II as 

compared to group I.  These observations were in accordance with [17], [1] who described an elevated GFAP 

immunoreaction in various parts of the brain tissue after lead toxicity, especially in the hippocampus and the 

cerebellar cortex. [20] declared that reactive astrocytes secondary to heavy metal toxicity could protect CNS 

cells and tissue by facilitating blood-brain barrier repair and regulating CNS inflammation. A significant 

increase in the mean area percent of GFAP stained sections from the molecular layer of group II as compared 

to group I was detected in the present work. 

 

The current study declared inflammatory reactions in the form of strong COX-2 immunoreaction in the 

cytoplasm of cells of various parts of the cerebellar cortex and neuroglial cells of white matter of group II as 

compared to group I, which was confirmed by a statistically significant increase in the mean area percent of 

COX-2-stained sections from the granular layer of group II as compared group I. 
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These observations could be attributed to COX-2 responsibility of inflammatory cytotoxicity and the release 

of glutamate from astrocytes, which is controlled by molecules related to inflammatory reactions such as 

prostaglandins [21]. 

 

 In the present work, a spontaneous recovery of cerebellum after lead toxicity was detected in group III as 

Purkinje cells appeared uniform in shape. Electron microscopic examination revealed well-developed 

mitochondria and intact rough endoplasmic reticulum. Similar result was reported by [18].  

 

The present work demonstrated apparently normal cells of the granular layer with few deeply stained cells in 

group III. This observation was in agreement with [18], who described partial recovery of the granule cells. 

  

The present study clarified partial recovery of the molecular layer of group III by light examination in the 

form of mildly separated nerve fibers and apparently normal basket cells.  

 

The current work declared the ultrastructural examination of regenerated granule cells in the form of 

euchromatic nuclei, prominent nucleoli and intact nuclear envelope.  This finding was not clarified in [18].   

 

 Ultrastructural examination of regenerated Golgi cells revealed intact cytoplasmic membrane, regular 

nuclear membrane, prominent nucleoli and intact mitochondria apart from few heterochromatic nuclei. Intact 

myelinated axons with the regular compact lamellar structure of myelin sheath were seen in group III. 

Degenerated axons were detected in group III and this could be explained by the synthesis of collagen and 

sulphate proteoglycans from reactive astrocytes which interfere with axon regeneration [20].  

 

The current work confirmed the previous improvement in all cerebellar cortical areas by the presence of few 

GFAP positive astrocytes in GFAP stained cerebellar cortical sections of group III simulating those of group 

I.  Also, there was a statistically significant decrease in mean area percent of GFAP stained sections from the 

molecular layer in group III as compared to group II. Mild COX2 immunoraction exhibited in the cytoplasm 

of the cells of various regions of cerebellar cortex in group III approaching group I. These findings were 

confirmed by the statistically significant decrease in the mean area percent of COX2 stained sections for the 

granular layer in group III as compared to group II.  

 

Regarding the white matter, group III revealed well-organized nerve fibers and normal supporting neuroglial 

cells. This recovery was confirmed by the presence of few GFAP positive astrocytes in GFAP stained sections 

from group III, thus simulating those detected in group I. Also, mild COX2 immunoreaction was seen in 

group III approaching those seen in group I.  

 

In the present work, the partial recovery of different cells of cerebellum could be explained by the specific 

kinetics of lead as it might be redistributed and stored in bone after its absorption [18], [22], then it could be 

slowly released from bone and redistributed again to soft tissues including the cerebellar tissue [23]. So the 

recovery was partial not complete. 

 

5. Conclusion 

This study demonstrated the deleterious effects of lead acetate on rat cerebellum evident by the significant 

structural changes found in light and electron microscopic examination in all layers especially the Purkinje 

cell layer. Withdrawal of lead improved these destructive effects. 

 

6. Recommendations 
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• The use of lead should be minimized, especially in materials such as petroleum fuel.  

• Blood lead levels should be estimated yearly for people dealing with lead-containing industrial 

products such as paints, pesticides, glazes, colorings for ceramics and pipes. 

• National attention and public health efforts are essential to minimize lead exposure toxicity 

especially, in infants and children.  
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