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Background: The current article aims to explore the protective potentials of 
a-tocopherol alone and the combination of allicin and vitamin B-complex against 
lead-acetate neurotoxicity on the cerebellar cortex.
Materials and methods: Forty rats were divided into four groups (n = 10). 
Group 1 was the control group; Group 2 received 10 mg/kg body weight (BW) 
of lead acetate; Group 3 was exposed to 10 mg/kg BW of lead acetate plus  
a combination of allicin (100 mg/kg BW) and vitamin B-complex (40 mg/kg BW);  
Group 4 was administered lead acetate (10 mg/kg BW) and a-tocopherol  
(100 mg/kg BW). The animals received the treatment for 60 days by oral gavage. 
All the groups were studied ultrastructurally and immunohistochemically with 
glial fibrillary acidic protein (GFAP).
Results: The affected groups revealed shrunken and degenerated Purkinje cells 
with irregular nuclei. The cytoplasm comprised several lysosomes, unhealthy mi-
tochondria, and dilated Golgi saccules. The myelinated nerve fibres demonstrated 
breaking of the myelin sheaths, apparent vacuoles, and broad axonal spaces. 
Immunohistochemically, there was a tremendous surge in GFAP-positive astrocytes 
in the lead acetate-treated group. These histological and ultrastructural variations 
were ameliorated by the administration of a-tocopherol and the combination of 
allicin and vitamin B complex. Moreover, an apparent decrease in the number of 
GFAP-positive astrocytes was obvious in the protected groups.
Conclusions: Although both a-tocopherol and the combination of allicin and 
vitamin B-complex can be used as possible adjuvant therapies to ameliorate 
nervous system ailments attributable to lead acetate, a-tocopherol showed more 
protective potential. (Folia Morphol 2016; 75, 1: 76–86)
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INTRODUCTION
The cerebellum is the crucial subcortical structure 

for learning and controlling the movement [7]. It is 
responsible for the timing, coordination, and fine-

-tuning of movement. Accordingly, injuries to the 
cerebellum may cause postural instability, loss of ba-
lance, and abnormal gait [46]. Lead (Pb) is one of the 
most hazardous environmental contaminants known 
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to humans [40]. The main sources of human exposure 
are through food consumption, air inhalation, and 
drinking of contaminated water [12].

Exposure to heavy metals like lead may cause 
cerebellar dysfunction [31, 54]. Sustained exposure 
to this metal can cause permanent abnormalities, 
especially in Purkinje cells [19, 25]. Astrocytes play 
an essential role in the different functions of the 
central nervous system (CNS) [10, 44]. Any injury to 
the brain, either metabolic or physical, may directly 
affect the glial cells [8]. One critical event during 
astrocyte differentiation is the change in the expres-
sion of the glial marker called glial fibrillary acidic 
protein (GFAP) [9, 17].

Lead is known to cause the production of reactive 
oxygen species (ROS), which induce lipid peroxida-
tion, diminish saturated fatty acids (FAs), and create 
an upsurge of unsaturated FA components in cell 
membranes [2, 30]. The body also produces endo-
genous ROS, which are formed when fat undergoes 
oxidation, so antioxidants are beneficial as protective 
entities against ROS [22, 47]. The imbalance between 
the production of free radicals and the ability of the 
body to detoxify their harmful effects can produce 
oxidative stress. The exposure of cells to adverse envi-
ronmental disorders can prompt the over-production 
of ROS, such as the superoxide anion (O2–), hydro-
gen peroxide (H2O2), superoxide dismutase (SOD), 
hydroxyl radical (OH), and organic hydroperoxide 
(ROOH) in tissues [34, 38]. 

Allium sativum (garlic) has been used since an-
cient times as a flavouring agent for foodstuffs and 
as a medicinal substance [29, 42]. Allium sativum 
has hypolipidemic, hypoglycaemic, antihypertensive, 
hepatoprotective, antioxidant, and immunomodula-
ting pharmacological effects; it is also an antidote for 
heavy metal poisoning [16, 29]. Many of the advanta-
geous health-associated properties of Allium sativum 
have been attributed to its organosulfur substances, 
especially allicin (thio-2-propene-1-sulfinic acid S-allyl 
ester). Allicin is the main effective element that is 
produced during the crushing of Allium sativum by 
means of the reaction of alliin, a non-protein amino 
acid, along with the pyridoxal phosphate-containing 
enzyme, alliinase [4, 16].

The goal of the current study is to determine 
whether allicin combined with vitamin B-complex has 
a superior role than a-tocopherol alone in protecting 
the Purkinje cells against toxic alterations caused by 
lead acetate.

MATERIALS AND METHODS

Ethical approval

This study was conducted after approval by the 
Medical Research Ethics Committee of the Faculty of 
Medicine, King Abdulaziz University.

Animals

Forty male adult Wistar rats weighing 200 ± 20 g  
were obtained from the university’s Animal House and 
were distributed randomly into four groups of animals 
(n = 10). The rats were individually housed in stain-
less steel cages at controlled temperature (22 ± 2°C)  
and humidity (55 ± 10%) for a 12/12 h cycle of light/ 
/dark with access to food and drinking water ad libi-
tum. The experimental procedures were carried out in 
accordance with the international guidelines for the 
care and use of animals in the laboratory.

Chemicals

Lead acetate trihydrate [(C2H3O2)2Pb.3H2O] (PbAc) 
was purchased from Sigma-Aldrich Chemicals Co. 
(St. Louis, Missouri, USA). A 0.5% of Pb solution was 
prepared by dissolving 5 g of PbAc in 1000 mL of 
distilled acidified water; the solution was replaced 
daily to minimize the presence of lead precipitates. 
Vitamin B-complex and a-tocopherol acetate were 
also obtained from Sigma-Aldrich Chemicals Co.  
A 5000 mg/L solution of novel stabilised AEAllicin was 
purchased from Allicin International Limited, United 
Kingdom. The purity and concentration of the latter 
solution was determined by high-performance liquid 
chromatography [15, 41]. 

Experimental design

Administration of the chemicals was done by oral 
gavage for a period of 60 days. Group 1, the control 
group, received 1 mL distilled water. Group 2 was 
given 10 mg/kg body weight (BW) of lead acetate 
(PbAc) [1, 48]. Group 3 received a combination of 
allicin (100 mg/kg BW) and vitamin B-complex (40 mg/ 
/kg BW) prior to 10 mg/kg BW of PbAc [21, 28]. Group 
4 received 100 mg of a-tocopherol acetate/kg BW 
prior to 10 mg/kg BW of PbAc [28, 53]. In previous 
studies, a-tocopherol acetate at a dose of 100 mg/kg 
BW was found to be effective in reducing toxicity [13].

Cerebellum histology

The animals were decapitated at the end of the 
experiment. The cerebellum was removed, weighed, 
and then fixed in 10% neutral buffered formalin. 
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Paraffin sections 5 µm in thickness were prepared. 
For each specimen, at least 3 to 5 slides were stained 
with haematoxylin and eosin (H&E) using standard 
techniques for general histology examination, and 
examined with an Olympus BX53 microscope equip-
ped with an Olympus DP73 camera (Olympus, Tokyo, 
Japan) at different magnifications to allow for the 
observation of the degenerative changes [32, 33].

Morphometric study

Ten slides of non-overlapping fields from each group, 
one slide from each animal, were analysed with the use 
of Image-Pro Plus v6 (Media Cybernetics Inc., Bethesda, 
Maryland, USA). The mean diameter of the thickness 
of the molecular, granular, and Purkinje cell layers in 
each group was measured. In addition, the number of 
Purkinje cells and granular cells was counted.

Immunohistochemical study

Serial paraffin sections of 5-µm thickness were 
deparaffinised and dehydrated, including positive 
control sections from the cerebellum. The endoge-
nous peroxidase activity was blocked with 0.05% 
hydrogen peroxide in absolute alcohol for 30 min. 
The slides were washed for 5 min in phosphate-
-buffered saline (PBS) at a pH of 7.4. To unmask the 
antigenic sites, sections were placed in a 0.01 M 
citrate buffer (pH 6) in a microwave for 5 min. The 
slides were incubated in 1% bovine serum albumin 
dissolved in PBS for 30 min at 37°C in order to pre-
vent nonspecific background staining. Two drops of 
ready-to-use primary antibodies were applied to the 
sections (except for the negative control) and then 
incubated for 90 min at room temperature. GFAP 
[1:100] was applied to the sections. The slides were 
rinsed with PBS and then incubated for 60 min with 
anti-mouse immunoglobulins (secondary antibody) 
conjugated to a peroxidase-labelled dextran polymer 
(Dako, Denmark). In order to detect the reaction, 
the slides were incubated in 3,3’-diaminobenzidine  
for 15 min. The slides were counterstained with 
Mayer’s haematoxylin and then dehydrated, cleared, 
and mounted by di-N-butyle phthalate in xylene. 
GFAP-positive cells appeared brown, and the nuclei 
appeared blue [26, 45, 51].

Ultrastructure study

Cerebellar samples of approximately 1 mm3 were 
obtained and immersed in 2.5% glutaraldehyde in  
0.1 M phosphate buffer at 4°C for 3 h and post-fixed 
in 1% osmium tetraoxide. After dehydration in ascen-

ding grades of ethanol, the tissues were embedded 
in Epon 812. Semithin sections were prepared from 
the blocks, stained using toluidine blue, and observed 
with an Olympus microscope. Demonstrative areas of 
the semithin section were chosen. Next, 50–60 nm  
thick ultrathin sections were cut using an ultramic-
rotome (NOVA, LKB 2188, Bromma, Sweden); uranyl 
acetate and lead citrate were used to stain the tis-
sues, which were then inspected with a Philips 201 
transmission electron microscope at 60–80 kV at 
the Transmission Electron Microscope Unit (Philips 
Industries, Eindhoven, Netherlands) [32].

Statistical analysis

Quantitative data were expressed as the mean 
and standard deviations of different parameters 
between the treated groups. Data were analysed 
using a one-way analysis of variance (ANOVA) follo-
wed by a least significant difference post hoc test. 
All statistical analyses were implemented using the  
Statistical Package for the Social Sciences (SPSS), ver-
sion 22. The values were considered significant when 
p < 0.05 [33].

RESULTS

General assessment

The control rats were normal, healthy and did 
not display any signs of neurologic irregularity. Four 
rats from the group that received the lead acetate 
showed many negative neurologic signals, such as  
a decrease in vitality, muscle-mass weakness, tremors, 
an abnormal gait, lack of stability and equilibrium. 
At the end of the experiment, the rats’ hind limbs 
of the lead treated group were nearly paralysed and 
1 rat died. Rats from the groups treated with lead 
acetate and protected by combined allicin and vita-
min B-complex or a-tocopherol; both animal groups 
demonstrated a decrease in activity near the end of 
the study.

Light microscopic results

The H&E-stained paraffin sections of the control 
group demonstrated a normal histoarchitecture of 
the cerebellar cortex (Fig. 1A).

H&E stained areas of lead acetate group demon-
strated multifocal neuronal affection; the monolayer 
arrangement of the Purkinje cells was sparse and 
disrupted in many areas, and gone completely in se-
veral areas, where they had been replaced by empty 
spaces. The majority of the Purkinje cells were shrun-
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ken, irregular, and abnormal in outline with deep, 
homogenous, vacuolated cytoplasm, an absence of 
Nissl’s granules, and dark nuclei; ill-identified cyto-
plasmic processes were also noticed. Many neuroglia 
cells had accumulated around the Purkinje cells. The 
molecular layer seemed to be much thinner and had 
moderately vacuolated neuropil (perineural spaces) 
with accumulations of neuroglial cells around some of 
them. Few cells showed vesicular nuclei, while others 
revealed pyknotic nuclei or complete karyolysis. The 
cellular structure within the granular layer tended to 
be tiny and oval-shaped or rounded, and had pyknotic 
and deeply stained nuclei (Fig. 1B).

H&E stained sections of the lead acetate and com-
bined allicin and vitamin B-complex treated group 
revealed Purkinje cells arranged in a monolayer with 
moderate disorganisation. A number of Purkinje cells 
appeared damaged and encircled with vacuolated 
cytoplasm among the numerous obviously typical 
cells with central vesicular nuclei. The molecular and 
granular layers were approximately comparable to the 
control, there was a clear sparsity of Purkinje cells in 
the Purkinje layer, and the nuclei appeared irregular 
and dark (Fig. 1C).

H&E stained sections of the lead acetate and  
a-tocopherol treated group revealed a monolayer 
or multilayer arrangement of Purkinje cells, with  
a slight loss of the normal pyriform shape along 
with mild disorganisation. Many damaged Pur-
kinje cells encircled with vacuolated cytoplasm 
and irregular dark nuclei. These cells were present 
among the partially recovered Purkinje cells with 
central open-faced vesicular nuclei and extended 
apical dendrites. The molecular and granular layers 
were approximately similar to the control. The 
sparsity of the Purkinje cells in the Purkinje layer 
was approximately similar to that of the control, 
and the nuclei had regained their healthy appe-
arance (Fig. 1D). 

Semithin sections stained with toluidine blue

Control group revealed a normal histological pic-
ture (Fig. 2A).

Lead acetate group showed distortion and shrinka-
ge of the Purkinje cells and absent nucleoli observed, 
with vacant areas between and surrounding the cells. 
The encompassing Bergmann glial cells were deeply 
stained compared with those of the control group. 

Figure 1. A. A photomicrograph of the cerebellar cortex of the control group demonstrated the outer molecular layer (Mo), the Purkinje cell 
layer (P), and the inner granular layer (Gr); B. Rats treated with lead acetate showed the disappearance of many Purkinje cells, which left 
empty spaces (V); C. The group treated with lead acetate and allicin and vitamin B showed the monolayer of Purkinje cells (P) in between the 
molecular (Mo) and granular layers (Gr), with a vacuolated area around (V); D. The group treated with lead acetate and a-tocopherol showed 
multilayers of Purkinje cells (P) in between the molecular (Mo) and granular layers (Gr). Scale bar: 20 µm.
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Numerous granule cells and many irregular, deeply 
stained cells appeared in the granule cell layer (Fig. 2B).

Lead acetate and combined allicin and vitamin 
B-complex treated group revealed the Purkinje cells 
appeared dark, with minimal vacuoles within their cy-
toplasm and restored nuclei and nucleoli. The vacant 
areas in the encompassing neuropils remained. The 
encircling glial cells had been essentially similar to the 
control group in terms of staining, and the majority 
of the granule cells looked normal. Many darker cells 
appeared in the granule cell layer (Fig. 2C).

Lead acetate and a-tocopherol treated group 
showed the Purkinje cells appeared healthier, resto-
red their architecture and appeared euchromatic in 
comparison with the control group, with minimal or 
no vacuolated cytoplasm and restoration of the nuc-
leolus. The vacant areas in the encompassing neuropil 
remained. The encircling glial cells appeared like that 
of the control group in terms of their staining, and 
the majority of the granule cells were healthy and 
improving. A small number of darker cells appeared 
in the granule cell layer (Fig. 2D).

Immunohistochemical staining for GFAP

The study of the control group revealed the 

existence of GFAP-positive fibrous astrocytes with 

lengthy and thin processes. Smaller-sized oligoden-

drocytes had shorter, fewer processes and spindle-

-shaped microglia were observed. The granular layer 

demonstrated protoplasmic astrocytes with thicker 

processes (Fig. 3A).

Lead acetate group revealed the cerebellar cortex 

exhibited a more positive immunoreaction and se-

emed to be substantially larger within the 3 cortical 

layers, as well as apparent protoplasmic processes of 

many astrocytes (Fig. 3B).

Lead acetate and combined allicin and vitamin 

B-complex treated group showed little scattered po-

sitive immunostaining in the molecular and granular 

layers (Fig. 3C).

Lead acetate and a-tocopherol treated group 

revealed scattered positive immunostaining in the 

molecular and granular layers with the processes of 

many astrocytes (Fig. 3D).

Figure 2. A. A photomicrograph of a semithin section of the cerebellar cortex of the control group displayed Purkinje cells (P) with a nucleus 
(N) and a deeply stained nucleolus (Nu). Note the Bergmann glial cells (G) and the granular cells (g); B. The group treated with lead acetate 
presented Purkinje cells (P) with vacuoles (V). Note that the glial cells are deeply stained beside the Granule cells (g); C. The group treated 
with lead acetate and combined allicin and vitamin B exhibited Purkinje cells (P) with a restored nucleolus. The glial cells (G) are normal, and 
the granule cells (g) seem normal; D. The group treated with lead acetate and a-tocopherol exhibited Purkinje cells (P) with minimal vacuola-
ted cytoplasm (V) and restoration of the nucleolus (Nu). The encompassing glial cells (G) tend to be approximately normal. The majority of the 
granule cells (g) seem normal. Scale bar: 5 µm.
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Transmission electron microscopic study

Study of the control cerebellar cortex exhibited  
a well-known normal ultrastructural picture (Figs. 4A,  
5A, 5C).

Lead acetate group showed abnormally shrunken 
Purkinje cells with an electron-dense cytoplasm and 
ill-defined nuclei with prominent nucleoli were pre-
sent. Dilated Golgi bodies, many unhealthy, ballooned 
mitochondria with damaged cristae and vacuolated 
vacant neuropils were observed. The myelin sheath 
of many axons was interrupted. In addition, the oli-
godendrocytes showed increased condensation of 
the nuclear chromatin (Figs. 4B, 5B, 5D).

Lead acetate and combined allicin and vitamin 
B-complex treated group revealed the Purkinje cells 
appeared relatively normal with an indented nucleus 
but no apparent nucleolus and a healthy mitochon-
dria (Fig. 4C).

Lead acetate and a-tocopherol treated group 
showed the Purkinje cells’ nuclei appeared euchro-
matic with apparent nucleoli and surrounded by  
a healthy mitochondria (Fig. 4D).

Quantitative morphometric study  
and statistical results

There was a significant decline in the mean 
thickness of the cerebellar cortex layers (molecular, 
granular and Purkinje) in the lead acetate treated 
group in comparison with the control group. In lead 
acetate with combined allicin and vitamin B, the mo-
lecular, granular and Purkinje layers thickness were 
significantly lower than controls but was significan-
tly higher than lead acetate group. In lead acetate 
with a-tocopherol, the molecular, granular and Pur-
kinje layers thickness were insignificantly different 
from controls but were significantly higher than lead 
acetate group (Table 1).

There was a significant decline in the mean num-
bers of the cerebellar cells (Purkinje and granular) in 
the lead acetate treated group in comparison with the 
control group. In lead acetate with combined allicin 
and vitamin B, the Purkinje and granular cells number 
was significantly lower than controls but the granular 
layer cells number was significantly higher than lead 
acetate group. In lead acetate with a-tocopherol, the 

Figure 3. A. A photomicrograph of an immunohistochemical staining for glial fibrillary acidic protein in the cerebellar cortex of the control 
group displayed few scattered positive cells (arrows) in the molecular and granular layers; B. The group treated with lead acetate presented 
an increase in positive cells (arrows); C. The group treated with lead acetate and combined allicin and vitamin B exhibited little scattered 
positive immunostaining (arrows); D. The group treated with lead acetate and a-tocopherol revealed several incidences of scattered positive 
immunostaining (arrows). Scale bar: 20 µm.
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Table 1. Comparison of the mean values of cerebellar layers’ thickness [µm] of the experimental groups with the control group

Layers Control Lead acetate Lead acetate with combined  
allicin and vitamin B

Lead acetate with  
a-tocopherol

Molecular layer 200.16 ± 23.00 155.18 ± 9.86 180.27 ± 15.39 211.61 ± 8.55

p < 0.00011 p = 0.0031; p < 0.00012 p = 0.0731; p < 0.00012

Granular layer 205.74 ± 25.39 115.35 ± 21.27 173.76 ± 13.53 193.49 ± 10.76

p < 0.00011 p < 0.00011; p < 0.00012 p = 0.1151; p < 0.00012

Purkinje layer 19.11 ± 5.17 11.53 ± 2.75 15.57 ± 2.02 17.80 ± 1.93

p < 0.00011 p = 0.0111; p = 0.0042 p = 0.3281; p < 0.00012

Values are expressed as mean ± standard deviation. The analysis was made using a one-way analysis of variance (ANOVA) test (least significant difference); 1p: significance vs. control; 
2p: significance vs. lead group

Figure 4. A. An electron micrograph of the control rats’ cerebellar cortex showed part of the control Purkinje cell having an indented nucleus 
(black arrow) with an apparent rounded nucleolus (Nu) and an abundant nuclear sap (Eu). The cytoplasm shows short profiles of rough endo-
plasmic reticulum cisternae (star), numerous mitochondria (M), a well-developed perinuclear Golgi apparatus (Go), and Nissl’s granules (Ni). 
Note the granule cell (g) in the upper-right corner; B. The group treated with lead acetate demonstrated abnormal shrunken Purkinje cells with 
an electron-dense cytoplasm and an ill-defined nucleus (N) with a prominent nucleolus (Nu). Dilated Golgi bodies (Go), many mitochondria 
with damaged cristae (M), and lysosomes (L) are present. Note that the cells are encompassed by vacuolated vacant neuropils (arrows), and 
the myelin sheath of many axons is interrupted (arrowhead). Scale bar: 2 µm; C. The group treated with lead acetate and combined allicin 
and vitamin B showed part of the Purkinje cell that appears relatively normal with an indented nucleus (N) but no apparent nucleolus; it is 
surrounded by Golgi apparatus (Go), mitochondria (M), and rough endoplasmic reticulum (rER); D. The group treated with lead acetate and 
a-tocopherol demonstrated part of the Purkinje cell nucleus (N) that appears euchromatic (Eu) with an apparent nucleolus (Nu) and surroun-
ded by mitochondria (M) and rough endoplasmic reticulum cisternae (star). Scale bar: 2 µm.
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Figure 5. A. The control rats displayed oligodendrocyte (Og) with darker and smaller nuclei and granule cells (g) with larger and lighter nuclei. 
Profiles of rough endoplasmic reticulum cisternae (black arrow) can be seen. Myelinated fibres (white arrows) with spherical mitochondria 
(curved arrows) and mossy fibres (MF) are visible; B. The group treated with lead acetate demonstrated an oligodendrocyte (Og) with incre-
ased condensation of nuclear chromatin and granule cells (g) surrounded by vacuolated vacant neuropils (V) and unhealthy, ballooned, empty 
mitochondria (M). Scattered mossy fibres (MF) and rough endoplasmic reticulum (black arrow) can be seen. Scale bar: 2 µm; C. The control 
rats showed part of the cytoplasm of the Purkinje cell with abundant healthy mitochondria (M) with undamaged membranes and cristae, as 
well as cisternae of the rough endoplasmic reticulum (rER); D. The group treated with lead acetate showed ballooned and swollen mitochon-
dria (M) with ruptured membranes (arrows) and cristae. Note the vacuolated, empty neuropils (V), and the myelin-like figures in the upper-
-right corner inset. Scale bar: 500 nm.

Table 2. The number of Purkinje cells per field in the different groups

Cells type Control Lead acetate Lead acetate with combined  
allicin and vitamin B

Lead acetate with  
a-tocopherol

Purkinje cell N (10) 5.50 ± 3.03 2.90 ± 1.37 3.00 ± 1.49 5.50 ± 2.07

p = 0.0091 p = 0.0111; p = 0. 9162 p = 1.0001; p = 0.0092

Granular cells N (10) 273.00 ± 22.14 206.00 ± 22.21 229.50 ± 16.66 257.50 ± 10.87

p < 0.00011 p = 0.0111; p = 0. 0082 p = 0.0701; p < 0.00012 

Values are expressed as mean ± standard deviation. The analysis was made using a one-way ANOVA test (least significant difference); 1p: significance vs. control; 2p: significance vs. 
lead group

Purkinje and granular cells number was insignificantly 
different from controls but was significantly higher 
than lead acetate group (Table 2).

DISCUSSION
Lead poisoning has been a persistent public health 

problem throughout the world for many years. Pre-
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vious studies have indicated that lead can be highly 
concentrated in the brain, placenta, and umbilical 
cord [49]. The cerebellar lesion has been observed in 
a number of animals as muscle-mass weakness, tre-
mors, lack of stability and balance, gait disturbances, 
and hind-limb paralysis [39]. Lead acetate seems to be 
stored in the cerebellum, disturbing its physiology as 
well as causing neurotoxicity, cellular deterioration, 
and possibly cellular death [18, 37]. 

Selective architectural alterations within the Pur-
kinje cells could possibly be related to cerebellar 
involvement; subsequent motor ataxia, which was 
found in the current study, was explained by a pre-
vious study [50]. The morphological modifications 
seen in cerebellum throughout the current research 
are supported by previous neuropathological studies 
that demonstrated alterations in the cerebral cortex 
following lead exposure [14].

In the present study, deformed shrinkage Purkinje 
cells with vacant areas were noticed in lead acetate-
-treated rats. These findings agree with a previous 
study that attributed the shrinkage of Purkinje cells to 
be a consequence of a destructive process related to 
morphological and functional biosynthesis associated 
with cellular proteins [49]. 

The Purkinje cells’ deterioration observed in the 
current work involved affected rough endoplasmic 
reticulum cisternae and deformed Golgi cisternae. 
Since these organelles make up the protein synthesi-
sing system, their particular involvement may reduce 
the neuronal capability to provide protein, which 
could lead to the disability of nerve cell capabilities. 
Unhealthy, ballooned mitochondria, together with 
rarified matrices and ill-identified cristae, were ob-
served in the cytoplasm of the Purkinje cells; these 
findings have already been described in hippocampal 
neurons in lead-treated rats [52]. It has been sugge-
sted that the principal influence of lead acetate on 
the cerebellum is the suppression of mitochondrial 
oxidative activity [24].

The myelin-like figures that appeared in the cyto-
plasm of the Purkinje cells in the current study agree 
with the findings observed in the neuronal body of 
the cerebellum in diabetic rats, which has been attri-
buted to degenerated mitochondria [23]. 

Ultrastructural modifications in the form of dila-
ted Golgi, mitochondrial swelling with disruption 
of their cristae, and nuclear geometrical irregularity 
were observed in the lead acetate-treated group in 
the present work. The same results were discussed by  

a previous researcher, who considered these disorders 
due to direct toxicity on neuronal tissues, which indu-
ces prohibition of the oxidative phosphorylation, the 
irregular manufacture of proteins, and malfunction of 
the detoxification process [43]. Golgi cells appeared 
in the current work as electron-dense particles in 
lead-treated rats; this affliction created serious motor 
ailments in mice [6]. 

Previous studies have discussed the ameliorative 
role of combined Allium sativum and vitamin B-com-
plex against lead acetate-induced toxicity and have 
proved the potency of these combined substances 
[27]. It has been found that allicin role is not only 
ameliorative against lead toxicity, but the plant also 
contains chelating compounds capable of enhancing 
the elimination of lead [36]. In the present study, 
groups that were treated with allicin combined with 
vitamin B-complex showed partial recovery of Purkinje 
cells, and the ultrastructure alterations were less than 
those in the lead acetate-treated group. The presence 
of healthy mitochondria, with a dense matrix and 
well-defined cristae, suggest the detoxification of 
Purkinje cells caused by lead toxic effects. 

In the current work, the administration of a-to-
copherol prior to the administration of lead acetate 
diminished the signs of neurotoxicity. This finding is 
in agreement with a previous work that showed that 
a-tocopherol enhances the vitality of nerve cells [3]. 
Furthermore, a-tocopherol functions as a cofactor 
in the manufacture of crucial fatty acids, and plays  
a part in the synthesis of neurotransmitters that inclu-
de 5-hydroxytryptamine, dopamine, noradrenaline, 
and gamma-aminobutyric acid (GABA); GABA con-
tributes to the normal performance of the nervous 
system [5, 35]. 

In the present research, a tremendous rise in 
GFAP-positive astrocytes was discovered immedia-
tely after lead acetate treatment compared with the 
control animals. Some researchers have described an 
elevated GFAP content in various regions of the brain 
tissue, mainly in the hippocampus and the cerebellar 
cortex [20]. Consequently, the determination of GFAP 
expression could possibly be a suitable marker for 
comprehending neurodegenerative alterations. Glio-
sis that develops in the lead acetate-treated groups 
could possibly be caused by the creation of free radi-
cals [20]; antioxidants may minimise such a reactive 
gliosis, probably through reduction of the hazardous 
impact of ROS in the CNS [11]. An earlier work has de-
scribed that allicin alters the GFAP content in various 
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brain regions and has a principal neuroprotective in-
fluence in minimising neuroglia injury in the CNS [11]. 
On such a basis, the usage of either a-tocopherol or 
combined allicin and vitamin B-complex in the current 
research considerably diminished GFAP expression in 
rats’ cerebellar cortices. 

The limitations of the study are due to the number 
of animals that might be larger and the fixed dose 
that might be variant. Quantitative measures as ste-
reology and immunostains for the morphology of 
Purkinje cells as calbindin D-28k are recommended 
to support the hypothesis of the study. Also, clinical 
studies dealing with motor coordination changes 
might confirm the findings of the study.

CONCLUSIONS
The preceding data finds that lead is among the 

most common environmental poisons affecting the 
cerebellum. The promising ameliorative potentials of 
a-tocopherol or combined allicin and vitamin B-com-
plex are considered good candidates for the thera-
peutic intervention against lead poisoning. And are 
advised as a possible adjuvant therapy in ameliorating 
the consequences associated with lead poisoning. 
Also, current findings suggest, that the efficacy of 
a-tocopherol is higher than that of combined allicin 
and vitamin B-complex. 
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