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A histological and immunohistochemical study on the possible 
protective role of silymarin on cerebellar cortex neurotoxicity of 
lactating albino rats and their pups induced by gibberellic acid 
during late pregnancy and early postnatal period 
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ABSTRACT
Introduction: Plant growth regulators (PGRs), especially gibberellic acid (GA3), are used to increase the production and 
the availability of the plants all the year. Silymarin has recently been reported to be a neuroprotective agent against much 
neurologic diseases. 
Aim:  To investigate the effects of GA3 treatment during late pregnancy and early postnatal periods on the rat’s cerebellar 
cortex of lactating mothers and their pups. Besides, to detect the possible protective-role of silymarin.
Materials and Methods: Thirty (30) pregnant rats were    randomly divided equally into three groups; control group (received 
distilled water orally daily from 14th day of the pregnancy until day 14 after delivery), GA3-treated group (received GA3 
orally daily in a dose of 55 mg/Kg body weight from 14th day of the pregnancy until day 14 after delivery) and GA3/
silymarin-treated group (received GA3 orally daily in a dose of 55mg/ Kg body weight for the same periodconcomitantly 
with silymarin at a dose of 100 mg/kg body weight). At the end of experimental period, lactating mothers and their pups 
(two weeks old) were anesthetized, sacrificed, their cerebella were processed for histological and immunohistochemical 
evaluation. Morphometric studies and statistical analyses were conducted. 
Results: GA3 induced cerebellar cortex histological and immunohistochemical insults in the form of disturbed architecture, 
degenerative changes, vacuolization, blood vascular dilatation and strong positive GFAP immunoreactive cells with longer 
and thicker processes. These insults were markedly ameliorated in GA3/silymarin-treated rats. 
Conclusion: Administration of silymarin might protect against GA3 induced cerebellar neurotoxicity.
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INTRODUCTION                                                                 

Nowadays, many chemicals are used in different 
agriculture fields, of which the plant growth regulators 
(PGRs) where first reported in the 1930s[1]. PGRs are 
also known as plant hormones[2]. Gibberellic acid (GA3) 
is a member of PGRs that are used in many countries[3]. 
GA3 is considered as one of the most active hormones 
of gibberellins. It affects many mechanisms of the plant 
growth including stem elongation by stimulating cell 
division, flowering and fruit development[4]. GA3 was 
used extensively to increase the growth of many fruits 
(strawberries and grapes) and vegetables (tomatoes, 
cabbages and cauliflower)[5].

People might be exposed to residues of GA3 in diet 
that was derived from consumption of different fruits and 
vegetables treated with GA3. In addition occupational 

exposure of the agricultural workers to GA3 also occurs 
through inhalation of powder and dermal contact with that 
compound at work[6]. In animals, some studies demonstrated 
that chronic GA3 consumption increased the incidences 
of tumor formation and changed the hormones levels in 
serum, liver and kidneys[3]. GA3 could induce oxidative 
stress that leads to the generation of free radicals. It also 
causes cells damage in numerous organs; the heart, kidney, 
stomach, spleen and the liver of adult rats[7]. However, little 
information is available regarding the neurotoxic effect of 
this compound[8].

Silymarin is found in the seeds of silybium marianum. It 
is standardized as a mixture of antioxidant flavonolignans[9]. 
Silymarin consists of four flavonolignanisomers; silybin, 
isosilybin, silydianin and silychristin. Among them, silybin 
is the most active and the commonly used. Silymarin is 
absorbed orally and is excreted mainly through bile as 
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sulphates and conjugates[10]. Since its discovery in 1960, 
silymarin has been recorded as the gold standard drug to 
treat liver disorders associated with alcohol consumption 
and viral hepatitis. Its hepato-protective effect is mainly 
due to tissue regenerative effects and its antioxidant 
properties[10]. Silymarin has recently been reported as a 
neuroprotector against many disorders; Alzheimer's and 
Parkinson's diseases due to its ability to inhibit oxidative 
stress in the brain. It also displays additional advantages 
by influencing pathways such as β-amyloid aggregation, 
cellular apoptotic machinery and estrogenic receptor 
mediation[11].

GA3 heavy-use makes it an interesting subject to 
investigate its harmful effects on the histological structure 
of the cerebellum. Furthermore, the use of silymarin as a 
neuroprotective agent against GA3 neurotoxicity needs to 
be investigated. Therefore,  this study aimed to study the 
influence of maternal administration of GA3 during late 
pregnancy and early postnatal periods on the histological 
structure of the cerebellum of the lactating mothers and 
their offsprings and to assess any possible protection by 
concomitant supplementation with silymarin.

MATERIALS AND METHODS                                                                 

Chemicals
All the chemicals that were used in this work were 

of high commercially grade. GA3 (2,4a, 7-Trihydroxy-
1-methyl-8methylenegibb-3-ene-1, 10-dicarboxylic acid 
1,4a-lactone) used was in the form of white crystalline 
powder and was purchased from Sigma -Aldrich chemical 
Co., Germany. Silymarin powder was purchased from 
sigma-Aldrich, USA. Glial Fibrillary Acid Protein (GFAP) 
was purchased from Thermo scientific Co.

Experimental Animals
A total number of 30 adult female and 15 male albino 

rats (180-200) gm were used in this work. These animals 
were housed in the animal house of Assiut University in 
cages of fine wood bedding that was changed three times a 
week. They were kept under light dark cycle (12/12) hours 
and at a (25 ± 5) ºC. All the rats were given food and water 
ad libitium. Separation between the adult male and female 
rats was done for 3 weeks to assure that the female rats 
were not pregnant. After this, female rats were allowed to 
mate in the ratio of 2 females to one male. Vaginal smears 
were taken by a glass rod that was inserted smoothly into 
the vagina; then the smears were spread on a slide and 
stained by Shori stain. The estrus period was characterized 
by the presence of non nucleated epithelial cells. After 
appearance of the mucous plug, the vaginal smear of 
pregnant rats was found to contain non nucleated epithelial 
cells, a large amount of mucous and leukocytes[12]. These 
experimental techniques were carried out in accordance 
with the international guidelines for the care and use of 
laboratory animals[13].

Experimental protocol 
The pregnant female rats were randomly divided into 

three groups (ten rats each):

Group I (Controls): the animals of this group were 
given distilled water orally daily via gastric tube from the 
14th day of pregnancy until day 14 after delivery.

Group II (GA3-treated group): rats received GA3 oral 
daily dose of 55mg/ Kg body weight[14] from the 14th day 
of pregnancy until day 14 after delivery by the way of a 
gastric tube.

Group III (GA3/silymarin-treated group): the animals 
of this group received GA3 oral daily dose of 55 mg/ Kg 
body weight[14] from the 14th  day of the pregnancy until day 
14 after delivery by the way of gastric tube concomitantly 
with Silymarin. Silymarin powder was dissolved in sterile 
water and given orally by means of gastric tube at a dose of 
100 mg/kg body weight[15].

At the end of experimental period, dams (lactating 
mothers) and their female pups (two-weeks old) were 
sacrificed by an overdose of ether and perfused intracardially 
with saline and 4% paraformaldehyde solution.

Histological study
All animals were anaesthetized by ether inhalation. 

Their chest wall was opened. Animals were perfused 
trans-cardially through the left ventricle with 4% 
paraformaldehyde solution. The descending aorta was 
ligated before perfusion and the right atrium was opened 
once perfusion has started. The perfusion continued until 
the venous return from the right atrium was observed to 
be clear. The skull was opened and the cerebella were 
removed[16].

Light microscopic study
For light microscopic study, the removed cerebella 

of animals in all groups were rapidly excised and cut 
conveniently into small pieces and were fixed in 10% 
formalin for two days. Then the tissues were dehydrated 
in ascending concentrations of alcohol, cleared in xylene 
and finally embedded in paraffin. Serial coronal sections 
about 5µm in thickness were prepared and stained by 
hematoxylin and eosin stain for demonstration of the 
histological structure[17].

Electron microscopic study
For electron microscopic study, the cerebella of each 

group were dissected. Then, 1x1mm specimens were cut 
and fixed in 4% cold gluteraldehyde immediately after 
dissecting the animal for 24-48 hr. The specimens were 
then washed in phosphate buffer (PH7.2) 3-4times for 
20 minutes each and post fixed in 1% OsO4 for 2h, after 
that washed in the same buffer 4 times. Dehydration by 
ascending grades of alcohol (30, 50, 70, 90 and 100%                    
for 2h) was done and embedding in epon araldite mixture. 
Semithin sections about 0.5µm in thickness were stained 
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with Toluidine blue. Ultrathin sections of 50 nm in 
thickness were cut by an ultra-microtome from the chosen 
areas and were contrasted with uranyl acetate and lead 
citrate [18]. The ultrathin sections were photographed 
with transmission electron microscope (Joel- JEM- 100 
CXII; Joel, Tokyo, Japan) in Assiut University Electron 
Microscopic Unit.

Immunohistochemical study 
For the immunohistochemical study, the following 

procedures were considered; fixation in 10%, neutral 
formalin for 48 hours, dehydration, clearing and finally 
embedding in paraffin. Paraffin sections were cut at 5um 
in thickness. Sections were stained with modified avidin 
-biotin peroxidase technique for Glial Fibrillary Acidic 
Protein (GFAP) for the demonstration of the astrocytes.  
The sections were deparaffinized and hydrated. To unmask 
the antigen, the sections were treated with 0.01 M citrate 
buffer (PH 6.0) for about 10 minutes. Then, the sections 
were incubated in 0.3% H2O2 for half an hour to abolish 
the effect of endogenous peroxidase activity before 
blocking with 5% horse serum for 1-2h. The slides were 
first incubated with primary antibody (1:100 monoclonal 
mouse anti GFAP) at 4Co for 18-20h, then washed and 
incubated with biotinylated secondary antibodies and then 
with avidin-biotin complex. Finally, the sections were 
prepared with 0.05% diaminobenzidine slides and stained 
with hematoxylin, dehydratedand mounted. The GFAP 
positive cells were brown and their nuclei appeared blue[19]. 
Negative controls were processed according to the same 
protocol, except for the use of the primary antibody. A 
brain slide was used as the positive control for GFAP.

Morphometric and Statistical studies
The mean thickness of the external granular layer of two 

weeks old rats and the Purkinje cell layer of two weeks old 
and adult rats were measured using image analysis system 
((Leica Qwin 500; Imaging Systems, Cambridge, UK)). 
This procedure was performed using the sections stained 
by hematoxylin and eosin in ten non-overlapping fields in 
ten randomly chosen sections belonging to five animals 
for each group (at magnification× 400). The obtained data 
represented as mean values ±standard deviation (SD) and 
analyzed using Mann-Whitney test to compare the means 
between the different groups, using the software statistical 
package of social science ‘version 16’ SPSS (Chicago, 
Illinois, USA). The level of significance (p) value was 
0.05[20].

RESULTS                                                                     

I. Two-weeks old rats 

Histological results

Light microscopic results 

Hematoxylin and Eosin (H&E) stained paraffin sections 
revealed that the cerebellar cortex of two weeks old control 

animals was formed of the following layers; the external 
granular layer, outer molecular layer, middle Purkinje layer 
and inner granular layer. The external granular layer was 
formed of small rounded cells arranged in two or three 
rows. They had rounded deeply stained nuclei and scantly 
acidophilic cytoplasm. The molecular layer had many 
rounded and oblongata cells which were migrating in rows 
perpendicular to the pial surface. The Purkinje cells were 
arranged in a single row. They contained well defined 
rounded vesicular nuclei and prominent nucleoli. Their 
cytoplasm was pale acidophilic and contained basophilic 
granules. The inner granular layer was stuffed with well-
defined clumps of rounded cells with rounded deeply 
stained nuclei and scanty acidophilic cytoplasm (Fig. 1A). 
Semithin sections showed that the Purkinje cells were 
ovoid cells with basophilic cytoplasm containing rounded 
vesicular nuclei with prominent nucleoli. Negative Golgi 
region was noticed in these cells. Bergmann astrocytes 
surrounded the Purkinje cells. They had pale nuclei and 
pale cytoplasm. The inner granular layer showed groups 
of rounded cells. These cells had rounded heterochromatic 
nuclei with prominent nucleoli and pale scanty cytoplasm 
(Fig. 2A).

In the GA3-treated group, H&E-stained sections of 
the cerebellar cortex exhibited the presence of prominent 
spongiosis noticed as numerous vacuolated areas in 
the external granular, molecular, Purkinje and granular 
layers. Apparent reduction in the thickness of the external 
granular layer was observed. Its cells had shrunken cell 
bodies with hardily identified nuclei and deeply stained 
cytoplasm. The molecular layer showed some cells with 
deeply stained pyknotic nuclei. Disturbance in the linear 
organization of the Purkinje cells was observed. Purkinje 
cells seen were irregular, distorted and shrunken. They 
exhibited rarified nuclei and darkly stained cytoplasm. 
Some cells appeared to have hardly identified nuclei. 
The granule cells accumulated in the form of follicles. 
Most of the granule cells appeared small with ill-defined 
outline and hardly identified nuclei (Fig. 1B). In toluidine 
blue stained sections, GA3-treated group showed some 
shrunken Purkinje cell bodies with irregular outline, hardly 
identified nuclei and vacuolated cytoplasm were noticed 
in the inner granular layer. Some cells appeared to have 
deeply stained nuclei and cytoplasm. Bergmann astrocytes 
had pale nuclei with prominent nucleoli and well stained 
cytoplasm. The granule cells were widely separated from 
each other and most of them were irregular in shape. Some 
cells were apparently shrunken with ill-defined nuclei. 
Other cells have rarified nuclei. Many vacuolated areas 
observed within the outer molecular layer, the Purkinje 
layer and the inner granular layer (Fig. 2B).

H&E stained sections of GA3/silymarin-treated group 
showed more or less normal appearance of the cortical 
layers. The Purkinje cells retained their normal linear 
organization. They contained rounded vesicular nuclei and 
prominent nucleoli. The granule cells appear nearly similar 
to the control. No observable differences from the control 
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group were noticed in the external granular and molecular 
layers (Fig. 1C). The semi-thin sections of this group 
showed apparent improvement in the three cortical layers 
.The Purkinje cells appeared slightly irregular in shape 
and had rounded vesicular nuclei with prominent nucleoli. 
Negative Golgi region could be observed in the basophilic 
cytoplasm. Bergmann astrocytes surrounded the Purkinje 
cells. They had pale nuclei and pale cytoplasm. The granular 
layer showed nearly normal granular cells with vesicular 
nuclei containing coarse clumps of heterochromatin. Few 
granule cells had darkly stained nuclei. Some vacuolated 
areas were still observed within the outer molecular layer 
(Fig. 2C).

Electron microscopic results
Ultastructurally, the cerebellar cortex of two weeks 

old control group showed that the Purkinje cells appeared 
to have large oval euchromatic nuclei and well- defined 
nucleoli. Slight indentation of the nuclear envelope was 
present. The cytoplasm showed the presence of numerous 
mitochondria with intact membranes and regular cristae, 
Golgi apparatus, free ribosomes and numerous well-
developed rough endoplasmic reticulum cisternae 
(Figs. 3A&B). Bergmann astrocytes were noticed. They 
exhibited pale euchromatic nuclei and pale cytoplasm. 
Few cytoplasmic organelles as mitochondria, rough 
endoplasmic reticulum cisternae and few ribosomes were 
noticed. The cell revealed extended processes which 
contained few gliofilaments and mitochondria (Fig. 4A). 
The granule cells within the inner granular layer exhibited 
rounded or oval nuclei with clumps of heterochromatin. 
They had little cytoplasm with few mitochondria, strands 
of rough endoplasmic reticulum, lysosome and ribosomes 
(Fig. 5A).

Ultrastructure examination of GA3-treated group 
confirmed the light microscopic findings. The Purkinje 
cells had oval euchromatic nucleus with prominent 
nucleolus. Faint nuclear envelope (nuclear ghost) was 
detected (Fig. 3C). Dilated cisternae of rough endoplasmic 
reticulum, marked vacuolation, lysosomes and apparent 
decrease in the amount of free ribosomes were noticed in 
the cytoplasm. Some mitochondria were damaged with 
disrupted cristae and others were vacuolated (Figs. 3C 
and D). The Bergmann astrocytes were seen ensheathing 
Purkinje cells with their processes. They had irregular 
outline and electron-dense nuclei. No organelles could be 
identified in the darkly stained cytoplasm (Fig. 4B).The 
granular cells revealed features of apoptosis in the form of 
marked condensation of the nuclear chromatin into clumps 
and irregularity of the nuclear membrane. Some cells 
showed rarified cytoplasm that contained few organelles. 
Apparent decrease in the amount of free ribosomes and 
damaged mitochondria were seen. In addition, marked 
cellular and intercellular vacuolations were noticeable 
(Fig. 5B).

Ultrathin sections of GA3/silymarin-treated group 
revealed that there was normal appearance of Purkinje 

cells with euchromatic nuclei, prominent nucleoli and a 
slightly electron-dense cytoplasm. Some cells showed 
faint nuclear envelope. Apparently healthy mitochondria, 
free ribosomes, few vacuoles and short strands of rough 
endoplasmic reticulum were present in the cytoplasm                                       
(Fig. 3E). The Bergmann astrocytes showed euchromatic 
nucleus and displayed blocks of condensed chromatin 
distributed on the inner side of the nuclear envelope. 
The cytoplasm of these cells had free ribosomes and 
mitochondria (Fig. 4C).The granule cells within the 
internal granular layer showed the presence of rounded or 
oval nuclei with clumps of heterochromatin. The cytoplasm 
contained free ribosomes, strands of rough endoplasmic 
reticulum and mitochondria. Intercellular vacuolations 
were still noticed. Oligodendrocytes with chromatin 
condensation were detected between the granular cells 
(Fig. 5C). 

Immunohistochemical results
For demonstration of glial fibrillary acidic protein 

(GFAP) positive cells, immunohistochemical staining 
showed that the cerebellar cortex of two weeks old control 
group had few scattered GFAP immunoreactive cells with 
long and thin processes in the different cortical layers 
(Fig. 6A). GA3-treated group revealed more abundant 
GFAP positive cells which appeared larger with relatively 
longer and thicker processes in the three cortical layers 
as compared with the control (Fig. 6B). GA3/silymarin-
treated group showed Positive expression of GFAP which 
was more or less similar to that noticed in the control rats 
(Fig. 6C).

Morphometric results
A significant reduction in the thickness of the external 

granular layer of GA3-treated group (group II) as compared 
to control group (group I) was detected. No significant 
change was observed in GA3/silymarin-treated group 
(group III) versus group I (Table 1and Histogram 1). The 
thickness of the Purkinje layer was significantly increased 
in group II as compared with group I. No significant 
change was observed in group III versus group I (Table 2 
and Histogram 2).

II. Adult rats (lactating mothers)

Histological results

Light microscopic results 

Examination of H&E stained sections of the cerebellar 
cortex of adult control animals showed more differentiation 
of the lamination pattern as compared to the previous 
age and the following layers could be distinguished; the 
outer molecular layer, the middle Purkinje layer and the 
inner granular layer. The outer molecular layer contained 
few rounded and oblongata cells together with numerous 
fibers. The Purkinje layer was formed of a single row of 
large pyriform cells with large rounded vesicular nuclei, 
prominent nucleoli and slightly basophilic cytoplasm. 
The cells had thick and long apical dendrites. The next 
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granular layer was formed of well-defined clumps of 
rounded cells with rounded dark nuclei and scanty pale 
acidophilic cytoplasm. Small clear lightly stained non 
cellular areas called cerebellar islands (glomeruli) were 
also seen in between the granular nerve cells (Fig.7A). 
Semithin sections showed that the cerebellar cortex had 
sparse population of neurons in the outer molecular layer. 
The Purkinje cells revealed deeply stained basophilic 
cytoplasm and open face nuclei with prominent nucleoli. 
Bergmann astrocytes surrounded the Purkinje cells; they 
had pale nuclei and pale cytoplasm. The granular cells 
appeared rounded with deeply stained nuclei and pale 
scanty cytoplasm. Some blood vessels were observed in 
the inner granular layer (Fig. 8A). The cells were more 
differentiated compared with the previous age. 

After treatment with GA3, H&E stained sections 
showed obvious degenerative changes that were observed 
specifically in the Purkinje cell layer and were reflected on 
the other two layers. The linear organization of the Purkinje 
cells was disturbed with marked disarrangement. Some 
cells were displaced downwards in the inner granular layer 
and upwards in the molecular layer. Others were fallen 
off leaving remarkable empty spaces. The Purkinje cells 
appeared shrunken and irregular in shape. They contained 
deeply stained cytoplasm and hardly identified nuclei. The 
molecular layer had rounded and oblongata cells. These 
cells were distorted and surrounded by halos of empty 
spaces. The granule cells showed shrunken cell bodies, 
deeply stained cytoplasm and hardly identified nuclei. 
Marked spongiosis were seen in the three cortical layers as 
vacuolated areas (Fig. 7B). Toluidine blue stained sections 
showed that the Purkinje cells appeared with disturbed 
linear organization. They appeared deformed and lost their 
characteristic pyriform shape. Faint vacuolated cytoplasm 
and hardly identified nuclei were detected in some cells. 
Other cells were degenerated leaving multiple vacuolated 
areas. The Bergmann astrocytes surrounding the Purkinje 
cells were darkly stained. Irregular outline of their nuclei 
and peripheral chromatin condensation were detected. 
Congested blood vessels were observed in the Purkinje 
layer. The granular cells appeared more deeply stained 
with darker nuclei as compared with the control group. 
Some neurons showed vacuolated cytoplasm and others 
showed pyknotic nuclei. Marked spongiosis were seen as 
vacuolated areas in the three cortical layers (Fig. 8B).

     The cerebellar cortex of GA3/silymarin treated rats 
showed marked regression in the neurotoxic effect of GA3. 
H&E stained sections revealed a histological pattern nearly 
similar to the control group. The cerebellar cortex exhibited 
well- arranged outer molecular layer, middle Purkinje layer 
and inner granular layer. Wide sparse population of neurons 
was present in the outer molecular layer; rounded and 
oblongata cells. Purkinje cells were arranged in a single 
row between the molecular and the granular layers. They 
retained their characteristic pyriform shape. They had large 
rounded vesicular nuclei, prominent nucleoli and slightly 
basophilic cytoplasm. The next granular layer contained 

compactly disposed rounded cells with rounded dark 
nuclei and scanty pale acidophilic cytoplasm. Cerebellar 
islands (glomeruli) were also seen in between the granular 
cells (Fig.7C). In toluidine blue stained sections of this 
group, the Purkinje cells had basophilic cytoplasm and 
pale vesicular nuclei with prominent nucleoli. However 
few distorted   and darkly stained cells were detected in 
between the normal ones. Bergmann astrocytes surrounded 
the Purkinje cells. They had pale nuclei and pale 
cytoplasm. The granular cells had normal appearance with 
rounded deeply stained nuclei and pale scanty cytoplasm. 
Some congested blood vessels could be detected and some 
vacuolated areas were still noticed (Fig. 8C).

Electron microscopic results
Ultrastructural examination of the cerebellar cortex of 

adult control group showed that the Purkinje cells were 
identified by their position, large size, euchromatic nuclei 
and well- defined nucleoli. The nuclear envelope was 
characterized by shallow dimples in which strands of rough 
endoplasmic reticulum accumulated forming the nuclear 
cap region. The cytoplasm was rich with abundant amount 
of rough endoplasmic reticulum organized into aggregates 
of parallel cisternae, free ribosomes, well developed Golgi 
apparatus and mitochondria with intact membranes and 
regular cristae (Figs. 9A&B). The Bergmann astrocytes 
were observed ensheathing the Purkinje cells. They had pale 
euchromatic nuclei. The cytoplasm was pale and had free 
ribosomes and few mitochondria. The astrocytic process 
contained few gliofilaments and mitochondria (Fig. 10A). 
The ultrastructure of the granule cells showed the presence 
of rounded or oval nuclei with clumps of heterochromatin. 
The cytoplasm contained free ribosomes, few strands of 
rough endoplasmic reticulum and few mitochondria. The 
granule cells were surrounded with myelinated nerve 
fibers. Oligodendrocytes with condensed chromatin were 
detected between the granular cells (Fig. 11A).

Prominent ultrastructural alterations were observed in 
GA3-treated group. Regarding the Purkinje cells, some 
cells had destructed and interrupted cell membrane (Fig. 
9C). Nuclear changes were detected as marked in folding 
of the nuclear envelope (Fig. 9D). Atrophic changes were 
evident in some Purkinje neurons leaving empty spaces 
between them. In addition, cytoplasmic ultrastructural 
changes were detected as vacuolation, few short and dilated 
strands of rough endoplasmic reticulum, lysosomes and 
apparent decrease in the amount of ribosomes. Distorted 
mitochondria were observed. Some of them were swollen 
with rarified matrix and ill-defined cristae (Figs. 9C&D). 
The Bergmann astrocytes were observed surrounding 
the Purkinje cells. They exhibited euchromatic nuclei 
and peripheral chromatin condensation. They seemed to 
be shrunken with mere shell of cytoplasm. Vacuoles and 
electron dense distorted mitochondria were observed in 
the cytoplasm (Fig. 10B). The granular layer had granule 
cells with rounded or oval nuclei. Some of them showed 
irregular nuclear envelope. Other cells showed peripheral 
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Table 1: Mean value ± SD of external granular layer thickness of two weeks old rats of different groups

Group IIIGroup IIGroup IExternal granular layer

29.03 ± 1.9622.69 ± 1.2027.44 ± 1.84Mean ±SD

26.7 - 31.921.1 - 24.124.6 - 30.9Range

0.1140.001*P-value

Mann-Whitney Test                                                     * Statistical significant difference (P < 0.05)

chromatin condensation. Rarified cytoplasm contained 
distorted mitochondria with a heterogenous matrix was 
noticed. Marked cellular and intercellular vacuolations 
were present. Notice oligodendrocytes with condensed 
nuclear chromatin (Fig. 11B). 

In GA3/silymarin-treated group, the Purkinje cells 
exhibited a similar ultrastructural appearance to that of the 
control; euchromatic nuclei with prominent nucleoli and 
well-defined nuclear envelope. The cytoplasm was slightly 
electron-dense and was rich with abundant amount of 
rough endoplasmic reticulum organized into aggregates of 
parallel cisternae, free ribosomes, and mitochondria with 
intact membranes and regular cristae. The mitochondria 
seemed like those of the control group (Fig. 9E). Both 
Bergmann astrocytes and granule cells displayed a very 
similar ultrastructure to that of the control. The Bergmann 
astrocytes showed oval nuclei. Free ribosomes and few 
mitochondria were present in the cytoplasm (Fig. 10C). The 
granular cells appeared more or less normal and showed the 
presence of round or oval nuclei with heterochromatin. The 
cytoplasm contained free ribosomes, few strands of rough 
endoplasmic reticulum and few mitochondria. Myelinated 

nerve fibers and Oligodendrocytes were observed between 
the granule cells (Fig. 11C). 

Immunohistochemical results
Immunohistochemically, apparently large GFAP 

positive cells with relatively longer processes were 
noticed in the adult control group as compared with the 
previous age (Fig. 12A). GA3-treated group revealed more 
numerous and larger GFAP positive cells with thicker 
processes in comparison with the adult control group in the 
three cortical layers (Fig. 12B). In GA3/silymarin-treated 
group, Positive expression of GFAP was noticed in the 
three cortical layers which were nearly similar to that in 
the control group. GFAP expression in this group revealed 
marked reduction compared to that in GA3 treated adult 
rats (Fig. 12C).

Morphometric results 

The thickness of the Purkinje layer increased 
significantly in GA3-treated group (group II) as compared 
to control group (group I). No significant change was 
observed in GA3/silymarin-treated group (group III) 
versus group I (Table 3 and Histogram 3).

Table 2: Mean value ± SD of Purkinje layer thickness of two weeks old rats of different groups

Group IIIGroup IIGroup IPurkinje layer

34.18 ± 3.0047.68 ± 4.9536.25 ± 2.09Mean ± SD

26.3 - 35.040.5 - 54.634.1 - 39.1Range

0.1280.004*P-value

Mann-Whitney Test                                                     * Statistical significant difference (P < 0.05)

Table 3: Mean value ± SD of Purkinje layer thickness of adult rats (lactating mothers) of different groups

Group IIIGroup IIGroup IPurkinje layer

25.71 ± 2.5840.93 ± 5.1426.65 ± 2.16Mean ± SD

22.5 - 30.930.9 - 45.624.0 - 30.1Range

0.3720.001*P-value

Mann-Whitney Test                                                    * Statistical significant difference (P < 0.05)
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Histogram 1: Mean value ± SD of external granular layer thickness of two weeks old rats of different groups

Histogram 2: Mean value ± SD of Purkinje layer thickness of two weeks old rats of different groups

Histogram 3: Mean value ± SD of Purkinje layer thickness of adult rats (lactating mothers) of different groups.
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Fig. 1: Paraffin sections in 2 weeks old rats' cerebellar cortex stained by H&E. (1A) Control group showing that the cerebellar cortex is 
formed of the external granular layer (E), outer molecular layer (M), middle Purkinje layer (P) and inner granular layer (G).The external 
granular layer is formed of small rounded cells arranged in two or three rows with rounded deeply stained nuclei and scantly acidophilic 
cytoplasm (arrow head). The molecular layer has many rounded (r) and oblongata (o) cells. Purkinje-cells arranged in a single row. They 
contain well defined rounded vesicular nuclei (curved arrows) and prominent nucleoli (arrows).Their cytoplasm is pale acidophilic and 
contains basophilic granules. The inner granular layer is stuffed with well-defined clumps of rounded cells with rounded deeply stained 
nuclei (wavy arrows) and scanty cytoplasm; (1B) GA3-treated group showing prominent spongiosis as numerous vacuolated areas (*) in 
the cortical layers with apparent reduction in the thickness of the external granular layer (E). Its cells have shrunken cell bodies with hardly 
identified nuclei and deeply stained cytoplasm (thick arrow). The molecular layer (M) shows some cells with deeply stained pyknotic nuclei 
(tailed arrow). Disturbance in the linear organization of the middle Purkinje layer (P) is observed. Purkinje cells seen are irregular, distorted 
and shrunken and exhibit rarified nuclei and darkly stained cytoplasm (curved arrows). Some cells appear to have hardly identified nuclei 
(arrowhead). The inner granule layer (G) shows cellular accumulation in the form of follicles and most of cells appear small with ill-defined 
outline and hardly identified nuclei (wavy arrows); (1C) GA3/silymarin-treated group showing more or less normal appearance. The Purkinje 
cell layer (P) retains normal linear organization .The cells contain rounded vesicular nuclei (curved arrows) and prominent nucleoli (arrows). 
The granule cells (G) appear nearly similar to the control (wavy arrows). No observable difference from the control group is noticed in the 
external granular (E) and molecular (M) layers.                                         					                 H&E, X400.
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Fig. 2: Semithin sections in 2 weeks old rats' cerebellar cortex stained by Toluidine blue. (1A) Control group showing (M), (P) and (G) 
layers. The Purkinje cells are ovoid in shape with basophilic cytoplasm containing rounded vesicular nuclei (N) with prominent nucleoli 
(arrow heads) and negative Golgi region (wavy arrow). Bergmann astrocytes are noticed surrounding the Purkinje cells; they have pale nuclei 
and pale cytoplasm (arrows). The inner granular layer has groups of rounded cells with rounded heterochromatic nuclei (curved arrows), 
prominent nucleoli (tailed arrows) and pale scanty cytoplasm; (1B) GA3-treated group rat showing many vacuolated areas (v) within (M), (P) 
and (G) layers. Some shrunken Purkinje cell bodies with irregular outline, hardly identified nuclei and deeply stained vacuolated cytoplasm 
are noticed within the inner granular layer (arrow). Some cells appear to have deeply stained nuclei and cytoplasm (arrowheads). Bergmann 
astrocytes have pale nuclei with prominent nucleoli and well stained cytoplasm (curved arrow). Some granule cells are irregular darkly 
stained (thick arrows) or apparently shrunken with ill-defined nuclei (wavy arrows); (1C) GA3/silymarin-treated group showing (M), (P) and 
(G) layers. The Purkinje cells appear slightly irregular in shape and have rounded vesicular nuclei (N) with prominent nucleoli (arrowheads). 
Negative Golgi region can be observed in the basophilic cytoplasm (wavy arrow). Bergmann astrocytes surrounding the Purkinje cells are 
noticed. They have pale nuclei and pale cytoplasm (arrows). The granular layer shows nearly normal granule cells with vesicular nuclei 
containing coarse clumps of heterochromatin (curved arrows). Few granule cells have darkly stained nuclei (thick arrows). Some vacuolated 
areas (*) are still observed within the outer molecular layer.                                               			              Toluidine blue, X1000.
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Fig. 3: TEM of the Purkinje cells of 2 weeks old rats' cerebellar cortex. (1A, 1B) Control group showing Purkinje cells (P). A large oval 
euchromatic nucleus (N) with slight indentation of the nuclear envelope (arrow head) and well- defined nucleolus (n) can be noticed. The 
cytoplasm shows the presence of numerous mitochondria (m) with intact membranes and regular cristae, free ribosomes (r), Golgi apparatus 
(G) and numerous well-developed rough endoplasmic reticulum cisternae (rER). TEM, X4800, X10000, respectively; (1C, 1D) GA3-treated 
group showing Purkinje cells. An oval euchromatic nucleus (N) and a less prominent nucleolus (n) are seen. Faint nuclear envelope (nuclear 
ghost) can be observed (arrow head). The cytoplasm reveals dilated cisternae of (rER), vacuolations (v), apparent decrease in the amount 
of free ribosomes (r) and lysosomes (L). Note that some mitochondria are damaged with disrupted cristae (m) and others are vacuolated 
(M). Empty spaces surrounding the cell (*) are found. Part of adjacent Bergmann (B) astrocyte with electron-dense nucleus and darkly 
stained cytoplasm is noticed. TEM, X4800, X10,000 respectively; (1E) GA3/silymarin-treated group showing nearly normal ultrastructure 
of the Purkinje cell with euchromatic nucleus (N), prominent nucleolus (n) and a slightly electron-dense cytoplasm. Apparently healthy 
mitochondria (m), ribosomes (r) and short strands of (rER) are present in the cytoplasm. Few vacuoles (v) can be noticed.
                                                                                                                    					                TEM, X4800.
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Fig. 4: TEM of the Bergmann astrocytes of 2 weeks old rats' cerebellar cortex. (1A) Control group showing a Bergmann astrocyte with 
its pale euchromatic nucleus (N). Few cytoplasmic organelles such as mitochondria (m), (rER) and few ribosomes (r) are detected in the 
pale cytoplasm. Notice its extended processes (arrow head) which contains few gliofilaments (f) and mitochondria (M); (1B) GA3-treated 
group showing a Bergmann astrocyte (B) with irregular outline ensheathing the Purkinje cell (P) with its processes (arrow heads). It has 
an electron-dense nucleus (N) and darkly stained cytoplasm with hardly identified organelles in the dark cytoplasm; (1C) GA3/silymarin-
treated group showing a Bergmann astrocyte with euchromatic nucleus (N). Blocks of condensed chromatin distributed on the inner side of 
the nuclear envelope (arrowheads). The cytoplasm displays free ribosomes (r) and mitochondria (m). Part of the adjacent Purkinje cell (P) 
is noticed ensheathed with the processes of the Bergmann astrocyte (curved arrow). The Purkinje cell has euchromatic nucleus (N) and a 
slightly electron-dense cytoplasm. Faint nuclear envelope (arrow) is observed.  Notice the presence of apparently healthy mitochondria (m), 
ribosomes(r) and short strands of (rER) in the cytoplasm.                                                             			              TEM, X7200.
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Fig. 5: TEM of the granule cells of 2 weeks old rats' cerebellar cortex. (1A) Control group showing granule cells with rounded or oval nuclei 
(N) with clumps of heterochromatin (curved arrows). Notice the presence of a thin rim of cytoplasm containing few mitochondria (m), strands 
of (rER), lysosomes (L) and ribosomes (r); (1B) GA3-treated group showing that the cells  have rounded  or oval more electron dense nuclei 
(N) with marked condensation of the nuclear chromatin into clumps (curved arrows) and irregularity of the nuclear membrane (arrow heads). 
Some cells show rarified cytoplasm (*) that contains few organelles. Apparent decrease in the amount of ribosomes (r), damaged mitochondria 
(m) and marked cellular and intercellular vacuolations (v) are noticeable. (1C) GA3/silymarin-treated group showing that the cells are more 
or less normal with rounded or oval nuclei (N) having clumps of heterochromatin (curved arrows).The cytoplasm contains ribosomes (r), 
(rER) and mitochondria (m). Intercellular vacuolations (v) are still noticed. Oligodendrocyte (arrow) with chromatin condensation is detected 
between the granule cells.		                                                                                                                         	          
												                       TEM, X4800.
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Fig. 6: Glial fibrillary acidic protein (GFAP) immunohistochemically stained sections in 2 weeks old rats' cerebellar cortex. (1A) Control 
group showing scattered GFAP immunoreactive cells with long and thin processes  (arrow heads) in the different cortical layers (M), (P) and 
(G); (1B) GA3-treated group showing more abundant GFAP positive cells in the different cortical  layers which appear larger with relatively 
longer and thicker processes (arrow heads) as compared with the control ; (1C) GA3/silymarin-treated group  showing positive expression of 
GFAP which is more or less similar to that noticed in the control rats (arrow heads). 
                                                                                             						            GFAP immunostain, X400.    
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Fig. 7: Paraffin sections in the adult rats' (lactating mothers')  cerebellar cortex stained by H&E. (1A) Control group showing more 
differentiation of the lamination pattern as compared with the previous age and the following layers can be distinguished; molecular (M), 
Purkinje (P) and granular (G). The molecular layer contains few rounded (r) and oblongata cells (o) together with numerous fibers. The 
Purkinje layer is formed of a single row of large pyriform cells with large rounded vesicular nuclei (curved arrows), prominent nucleoli 
(arrows). The cells have thick and long apical dendrites (arrow heads). The next granular layer is formed of well-defined clumps of rounded 
cells with rounded dark nuclei (wavy arrows) and scanty pale acidophilic cytoplasm. Small clear lightly stained non cellular areas called 
cerebellar islands (glomeruli) are also seen (*) in between the granular nerve cells ; (1B) GA3-treated group showing obvious degenerative 
changes specially in (P) layer that are reflected on the other two layers; (M) and (G) layers. The linear organization of the Purkinje cells is 
disturbed with marked disarrangement. Some cells are displaced downwards in the inner granular layer and upwards in the molecular layer 
(arrow heads). Others are fallen off leaving remarkable empty spaces (*). The Purkinje cells appear shrunken and irregular in shape. They 
contain deeply stained cytoplasm and hardly identified nuclei (arrows). The molecular layer has rounded (r) and oblongata cells (o). These 
cells are distorted and surrounded by halos of empty spaces (wavy arrows). The granule cells show shrunken cell bodies, deeply stained 
cytoplasm and hardly identified nuclei (curved arrows). Marked spongiosis are seen in the three cortical layers as vacuolated areas (v);                                                                                                                                             
(1C) GA3/silymarin-treated group showing the successive three layers of the cerebellar cortex; (M), (P) and (G) layers. Wide sparse population 
of neurons are present in the outer molecular layer; rounded (r) and oblongata cells (o). Purkinje cells are arranged in a single row between 
the molecular and the granular layers. They retain their characteristic pyriform shape. They have large rounded vesicular nuclei (curved 
arrows), prominent nucleoli (arrows) and slightly basophilic cytoplasm. The granular layer contains compactly disposed rounded cells with 
rounded dark nuclei (wavy arrows) and scanty pale acidophilic cytoplasm. Cerebellar islands (glomeruli) are also seen in between the granule                                                                                                               
cells (*).                                                                                                             						    
												                        H&E, X400.   
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Fig. 8: Semithin sections in the adult rats' cerebellar cortex stained by toluidine blue. (1A) Control group showing the cerebellar cortex 
arranged in three successive strata; (M), (P) and (G). Sparse population of neurons is noticed in the outer molecular layer. The Purkinje 
cells show open face nuclei (N) with prominent nucleoli (arrow heads). Note Bergmann astrocytes (arrows) surrounding the Purkinje cells; 
they have pale nuclei and pale cytoplasm. The granular cells appear rounded with deeply stained nuclei (curved arrows) and pale scanty 
cytoplasm. Blood vessels (BV) can be noticed in the inner granular layer. The cells are more differentiated compared with the previous age; 
(1B) GA3-treated group showing (M), (P) and (G) layers. The Purkinje cells show disturbed linear organization. They appear deformed and 
lose their characteristic pyriform shape. Deeply stained vacuolated cytoplasm (arrows) and hardly identified nuclei (arrow heads) are detected 
in some cells. Other cells are degenerated leaving multiple vacuolated areas (*). The Bergmann astrocytes surrounding the Purkinje cells 
appear darkly stained with irregular outline of the nuclei and peripheral chromatin condensation (wavy arrows). Congested dilated blood 
vessels (BV) are detected in the Purkinje cell layer. The granular cells appear more deeply stained with darker nuclei as compared with the 
control. Some neurons show vacuolated cytoplasm (thick arrow) and others show pyknotic nuclei (tailed arrows). Marked spongiosis are 
seen in the three cortical layers as vacuolated areas (v); (1C) GA3/silymarin-treated group showing the cerebellar cortex which is arranged in 
three successive layers; (M), (P) and (G). Sparse population of neurons is noticed in the molecular layer. The Purkinje cells show basophilic 
cytoplasm and pale vesicular nuclei (N) with prominent nucleoli (arrow head).  However few distorted   and darkly stained cells are detected 
in between the normal ones (curved arrow). Bergmann astrocytes (arrows) surrounding the Purkinje cells are noticed; they have pale nuclei 
and pale cytoplasm. The granular cells have normal appearance; rounded deeply stained nuclei and pale scanty cytoplasm (wavy arrows). 
Notice the presence of slightly congested blood vessels (BV). Some vacuolated areas are still noticed (v). 
                                                                                          						                  Toluidine blue, X1000.
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Fig. 9: TEM of the Purkinje cells of adult rats' cerebellar cortex. (1A, 1B)  Control group showing euchromatic nucleus (N) and well-defined 
nucleolus (n). The nuclear envelope is characterized by shallow dimples (arrowheads) in which strands of (rER) accumulate forming the 
nuclear cap region. The cytoplasm is rich with abundant amount of (rER) that organized into aggregates of parallel cisternae, ribosomes (r), 
well developed Golgi apparatus (G), mitochondria (m) with intact membranes and regular cristae. TEM, X4800, X10,000, respectively; (1C, 
1D) GA3-treated group showing Purkinje cells with a nucleus (N) and a nucleolus (n). Marked in folding of the nuclear envelope (arrow 
heads) is detected. Destructed and interrupted cell membrane (curved arrows) is observed. Notice the presence of marked empty spaces 
(*) between the cells. The cytoplasm is rarified and reveals vacuoles (v), lysosomes (L), distorted or swollen mitochondria with rarified or 
electron dense matrix and ill-defined cristae (m), few short or dilated strands of (rER) and apparent decrease in the amount of free ribosomes 
(r). TEM, X4800, X10,000, respectively; (1E) GA3/silymarin-treated group showing nearly normal ultrastructure; euchromatic nucleus (N) 
with prominent nucleolus (n) and well-defined nuclear envelope. A slightly electron-dense cytoplasm is observed. The cytoplasm is rich with 
abundant amount of (rER) organized into aggregates of parallel cisternae, ribosomes (r) and mitochondria (m) with intact membranes and 
regular cristae.                   
												                      TEM, X7200.     
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Fig. 10: TEM of the Bergmann astrocytes of adult rats' cerebellar cortex. (1A) Control group showing the astrocytic process (arrow head) 
ensheathing a Purkinje cell (P). The cell has pale euchromatic nucleus (N). Ribosomes (r) and few mitochondria (m) are present in the pale 
cytoplasm. The astrocytic process contains few gliofilaments (f) and mitochondria (M). Notice the presence of myelinated nerve fibers 
(curved arrow); (1B) GA3-treated group showing a Bergmann astrocyte surrounding Purkinje cells (P). The astrocyte has euchromatic 
nucleus (N) with peripheral chromatin condensation (arrow heads). It appears shrunken with mere shell of cytoplasm. Vacuoles (v) and 
electron dense distorted mitochondria (m) are observed in the cytoplasm. Note the presence of distorted mitochondria (M) and few strands 
of (rER) in the cytoplasm of Purkinje cells. Marked empty intercellular spaces are seen (*); (1C) GA3/silymarin-treated group showing a 
Bergmann astrocyte with an oval nucleus (N). Ribosomes (r) and few mitochondria (m) are present in the cytoplasm.   
											                                      TEM, X7200.
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Fig. 11: TEM of the granule cells of adult rats' cerebellar cortex. (1A) Control group showing rounded or oval nuclei (N) with clumps 
of heterochromatin (curved arrows). The cytoplasm contains ribosomes (r), few strands of (rER) and few mitochondria (m). There are 
myelinated nerve fibers (arrowheads) in between the granule cells. Note the presence of oligodendrocytes (arrow) with condensed chromatin 
among the granule cells; (1B) GA3-treated group showing the granule cells with rounded or oval nuclei (N). Some cells show irregular nuclear 
envelope (arrow heads). Other cells show peripheral chromatin condensation of their nuclei (arrow). Rarified cytoplasm (*) contains distorted 
mitochondria (m). Marked intracellular and intercellular vacuolations (v) are present. Oligodendrocytes (curved arrow) with condensed 
nuclear chromatin can be noticed; (1C) GA3/silymarin-treated group showing more or less normal granule cells containing rounded or oval 
nuclei (N) with heterochromatin .The cytoplasm reveals ribosomes (r), few strands of (rER) and few mitochondria (m). Myelinated nerve 
fibers (*) and oligodendrocytes (curved-arrow) are observed between the cells.                                                                                       
											                                      TEM, X4800. 
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Fig. 12: Glial fibrillary acidic protein (GFAP) immunohistochemically stained sections in the adult rats' cerebellar cortex. (1A) Control group 
showing the cortical layers (M), (P) and (G) which reveal apparently large GFAP positive cells (arrow heads) with relatively longer processes 
as compared with the previous age; (1B) GA3-treated group showing more numerous and larger GFAP positive cells with thicker processes 
(arrow heads) in comparison with those of the adult control group in the three cortical layers; (1C) GA3/silymarin-treated group showing 
Positive expression of GFAP (arrow heads) in the three cortical layers which is nearly similar to that in the control group. The expression of 
GFAP reveals noticeable reduction compared to that in GA3 treated rats.                                                              
											                GFAP immunostain, X400.  
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DISCUSSION                                                                    

GA3, which is one of the plant growth regulators 
(PGRs), is widely used to increase the growth of many 
fruits and vegetables, besides its roles against harmful 
agricultural pests. Although GA3 is widely used in 
agriculture, a little is known about its effects as regards 
the mammalian tissues. Therefore, this study was carried 
out to investigate the histological changes in the cerebellar 
cortex of albino rats after GA3 treatment and to detect 
any possible protective role of silymarin when given 
concomitantly with GA3.

Cerebellum is a region of the brain that plays an 
important role in the motor control. It is also involved in 
some complex cognitive processes; emotions, behavior, 
learning and memory. It receives inputs from the sensory 
system of the spinal cord and from different parts of the 
brain and integrates this information to fine-tune motor 
activity[21]. The cerebellum was particularly vulnerable to 
developmental and environmental insults because of its 
long developmental schedule[22].

In this study, light microscopic examination showed 
that the cerebellar cortex of two weeks old control animals 
was formed of four cortical layers; the external granular 
layer had rounded cells. The molecular layer had rounded 
and oblongata cells. The Purkinje cells contained rounded 
vesicular nuclei and prominent nucleoli. The inner granular 
layer was formed of well -defined clumps of rounded cells. 
In harmony with the present results, a study demonstrated 
that, the molecular layer was hardly recognizable at the 
2nd day postnatal. He added that, within one week, this 
layer enlarged[23]. In accordance, some investigators 
found that the maturity of the Purkinje cells was detected 
two weeks post-natally[24]. Other investigators added that 
the development of the granular layer occurred mainly 
postnatally as the differentiation of the granular layer was 
closely related to the development of the Purkinje layer. 
They postulated that the Purkinje cells were crucial for the 
control of the granular cells differentiation[25].  

The cerebellar cortex of the control adult animals 
(lactating mothers) in the present work had the following 
layers; the molecular layer, the Purkinje layer was formed 
of a single row of pyriform cells and the granular layer 
was formed of well-defined clumps of rounded cells. 
Non cellular areas called cerebellar islands (glomeruli) 
were also seen in between the granular cells. In line with 
these findings, some investigators showed that the outer 
molecular layer was formed of a complex network of glial 
and neuronal processes[26]. Concomitant with the present 
results, other studies reported that the inner granular layer, 
in rat appeared as a few scattered cells at birth which were 
gradually demarcated at 7th-25th postnatal day and then 
increase in the cellularity by 21stpostnatal day[27].

Ultrastructurally, the Purkinje cells of the control 

groups in the present work were identified by their 
position, euchromatic nuclei and well defined nucleoli. The 
nuclear envelope was characterized by slight indentation 
(two weeks old) and shallow dimples in which strands of 
rough endoplasmic reticulum accumulated (adult age). 
In accordance with the present results, some researchers 
revealed that Purkinje cells were clearly distinguished by 
their large size, euchromatic nuclei, shallow dimples of 
the nuclear envelope and the presence of mitochondria 
with regular cristae and cisternae of rough endoplasmic 
reticulum as well in the cytoplasm[28].  

In the current study, electron microscopic examination 
of the granular cells of the control groups exhibited 
rounded nuclei. They had little cytoplasm. These findings 
were confirmed by other investigators[29]. They reported 
that in rat, the granular neurons had rounded nuclei with 
condensed heterochromatin at the periphery of the nuclei 
and relative amount of cytoplasm. In harmony with the 
present findings, other researchers reported two stages 
during differentiation of the granular cells; the first stage 
occurred in rats during the first two weeks of postnatal 
development and was characterized by the expansion of 
mossy fiber rosettes, which contained synaptic vesicles. 
The second stage included the formation and stabilization 
of glomeruli (from day 15 to day 45). Meanwhile, there 
were increases in the number of synaptic vesicles in 
mossy fiber terminals and in contacts with the dendrites 
of granular cells, which form blebs (spines) that contained 
endoplasmic reticulum cisterns and mitochondria[30].

Astrocytes were considered as poly-functional cells 
that were distributed in the central nervous systems 
of all vertebrates. They exhibited diverse anatomical 
characteristics and functional properties. They played key 
role in the homeostasis of the excitatory neurotransmitter 
glutamate[31]. Moreover, astrocytes participated in all 
important central nervous system functions; energy 
metabolism, blood flow regulation, K ‏and H‏ buffering, 
immune defense mechanism and neurotransmission[32]. 
Glial Fibrillary Acidic Protein (GFAP) is considered as 
an intermediate filament protein found almost exclusively 
in astrocytes[33]. The current study revealed an apparent 
increase in the expression of GFAP positive cells gradually 
from two weeks to adult age in the immunostained 
sections. Similarly, some investigators stated that GFAP 
is well known as a specific marker of mature astrocytes of 
the nervous system and its expression is necessary for the 
normal white matter architecture and blood brain barrier 
integrity[34].

After GA3 administration, features of neuronal insult 
were obvious especially in the Purkinje and the granular 
layers. In accordance with that, other investigators 
considered the Purkinje and the granular cells as the most 
important target for the toxic substance in the cerebellum. 
Light microscopic examination of the cerebellar cortex 
of two weeks GA3-treated rats showed disturbance in the 
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linear organization of the Purkinje cells. They exhibited 
rarified nuclei and darkly stained cytoplasm[35]. In 
accordance with the current results, it was found that oral 
exposure of rats to GA3 during late pregnancy and early 
postnatal periods resulted in obvious histopathological 
changes of the suckling rats and their mothers[36]. Some 
authors reported that oral administration of GA3 to the 
pregnant Wistar rats in late pregnancy and early postnatal 
periods resulted in marked neurotoxicity in the cerebellum 
of GA3-treated suckling rats which was detected as an 
abnormal development of the external granular layer 
and a loss of Purkinje cells. They recorded inhibition of 
acetylcholinesterase (AChE) activity in the cerebellum of 
the suckling rats, suggests that GA3 was incorporated in 
the nervous system of the suckling pups by milk transfer. 
They also noticed that these abnormal histological 
manifestations were correlated with abnormal biochemical 
parameters as they detected increase in malondialdehyde 
level and a decrease in the activity of the antioxidant 
enzyme of catalase, glutathione peroxidase and superoxide 
dismutase in the cerebellum of suckling rats[14]. In the 
present study, marked spongiosis was seen in the three 
cortical layers as vacuolated areas. In accordance with 
that, some investigators stated that the structural changes 
associated with PGRs, such as increased vacuolization and 
membrane blebbing, were correlated with oxidative stress 
and depletion of the glutathione[37].

GA3-treated adult rats in this work showed that some 
Purkinje cells were displaced downwards in the granular 
layer and upwards in the molecular layer. The Purkinje 
cells appeared shrunken and irregular. Most of the granule 
cells showed shrunken cell bodies and hardly identified 
nuclei. In a similar study, it was found that the rats treated 
with GA3 had prominent neurotoxic manifestation; the 
Purkinje cells showed disturbed linear organization with 
marked disarrangement. Also, the granular cells had patchy 
cell loss in some areas or depletion in other areas. They 
added that in between the affected cells, the cerebellar 
islands showed increased eosinophilia[8]. Our data was 
confirmed by other investigators who observed decrease in 
the activity of the acetylcholinesterase (AChE) in the brain 
of adult rats that were treated with indole -3- butyric acid 
which is one of the PGRs[38].

Electron microscopic examination of cerebellar cortex 
of GA3-treated rats at two weeks old and adult age in 
this study showed obvious features of neurodegeneration. 
Atrophic changes were evident in some Purkinje 
neurons leaving empty spaces. Dilated cisternae of 
rough endoplasmic reticulum, apparent decrease in the 
amount of free ribosomes and lysosomes were noticed. 
Some mitochondria were damaged or swollen and 
others were vacuolated. In harmony with these results, 
other investigators recorded numerous ultrastructural 
manifestations in the GA3-treated rats such as cytoplasmic 
vacuolation, dilated rough endoplasmic reticulum and 

markedly affected mitochondria of the Purkinje cells. 
They noticed the presence of small vesicles of the rough 
endoplasmic reticulum in the form of clusters near the 
Golgi bodies and they considered that as an indicator of the 
disturbance in the vesicular transport mechanism between 
the rough endoplasmic reticulum and the Golgi apparatus[8]. 
In the current research, the observed ultrastructural effects 
were explained by some investigators as a structural-
functional response that could enable the cells release the 
oxidative stress secondary to GA3 toxicity[39].

Ultrastructurally, the granular cells of GA3- treated 
rats in the present work had rounded or oval nuclei with 
marked chromatin condensation. Some cells showed 
rarified cytoplasm that contained distorted mitochondria 
with a heterogeneous matrix. The degenerative changes in 
the granular cells were considered by some authors to be 
secondary to those of the Purkinje cells. They reported that 
the affected Purkinje cells failed to make normal contact 
with the granular cells; this would result in the loss of 
normal synchronism between both types of cells that in turn 
minimized their regulatory role on them[40]. In the present 
results, the observed nuclear chromatin condensation could 
be explained by the report of the other investigators who 
stated that dying neurons could undergo condensation and 
dissolution of chromatin[41].

In the current study, the vacuolation observed in the 
Purkinje and granular cells were explained by some 
researchers as a result of marked disturbances in lipid 
inclusions[42]. Some investigators suggested that the 
vacuolation might be due to the cells injury which resulted 
in the increased production of reactive oxygen species 
(ROS) which probably attacked the membranes and 
altered their permeability[43]. Other investigators added that 
the lipid peroxidation was considered as an autocatalytic 
mechanism leading to the oxidative destruction of cellular 
membranes.  In turn their destruction could lead to cell death 
and also to the production of toxic free radicals. The most 
important one of these free radicals was malondialdehyde 
(MDA)[44].

The observed histological and ultrastructural effects were 
confirmed by the applied immunohistochemical staining. 
Features of activation of Bergmann astrocytes were evident 
in the present study as increased expression of GFAP due 
to neuronal damage caused by GA3 administration. It was 
found that the astrocytes reacted rapidly to any nervous 
system insult by the production of numerous neurotoxic 
substances and more GFAP. These effects were considered 
as a marker protein for astrogliosis[34]. In the present study, 
the observed features of reactive astrocytes might be due 
to compensatory mechanism following neurodegeneration. 
Similar process was reported following neurotoxicity[45]. 
The astrocytes had been involved in the processes of 
neuronal homeostasis and synaptic plasticity and glial cell 
activation might result as a secondary mechanism of cell 



366

Role of silymarin on gibberellic acid induced cerebellar neurotoxicity

death or neuroprotective response[46].

A significant increase in the thickness of the Purkinje 
layer of GA3-treated group as compared to control group  
was observed in both age groups; two weeks and adult. 
Moreover, the two weeks old rat showed a significant 
reduction in the thickness of the external granular layer 
of group II as compared to group I. These results were in 
parallel with the histological and immunohistochemical 
results.

Several studies reported that the nervous system is 
considered as the principal target organ for the PGRs[38]. 
The nervous system is particularly vulnerable to oxidative 
damage because of its low levels of the defensive 
mechanisms against oxidant toxicity, in addition to high 
oxygen consumption rate and high levels of polyunsaturated 
fatty acids[47]. It was reported that the damaging effects of 
PGRs was associated with the production of ROS. The brain 
is sensitive to attacks by ROS due to high oxygen uptake 
and many autooxidizable neurotransmitters[48]. Therefore, 
in the condition in which the generation of free radicals 
exceeds the ability of antioxidant defense mechanisms, 
oxidative stress might result in pathophysiological 
aberrations; cellular dysfunction, membrane degradation 
and  apoptosis[49]. ROS could damage major cellular 
component such as DNA, membranes, lipids and 
carbohydrates[50]. Moreover, oxidative stress was one of the 
molecular mechanisms that enhanced toxicity. It occurred 
as a result of the disturbance influence of xenobiotics 
on the antioxidant enzymes. Liberation of oxygen free 
radicals and ROS was produced in tissues via the effects of 
oxidative stress[51]. The imbalance between the production 
of free radicals and antioxidant defense system result in 
tissue damage[52].

In this study, co-administration of silymarin alleviated 
the neurotoxic effects of GA3 on the cerebellum. A 
histological pattern nearly similar to the control group was 
noticed in the GA3/silymarin-treated groups (two weeks 
old and the adult groups). Light microscopic examination 
of the cerebellar cortex of two weeks old rats showed 
more or less normal appearance of the molecular, granular 
and Purkinje cell layers. The Purkinje cells retained 
their normal linear organization. The cerebellar cortex 
of the adult rats exhibited its well- known architecture. 
The Purkinje cells arranged in a single row and retained 
their characteristic pyriform shape. Several studies had 
shown the neuroprotective effects of silymarin by using in 
vitro and in vivo models. Some investigators found that 
silymarin administration (200 mg/kg) for 2 weeks could 
decrease 6-hydroxydopamine-induced Parkinson’s in a 
rat model. The neuroprotective effects of silymarin in 
this model were believed to be through the inhibition of 
oxidative stress[53]. In another study, silymarin (200 and 
400 mg/kg doses) was found to inhibit oxidative stress 
in aged and young rat brains[54]. Silymarin significantly 
decreased protein oxidation in the hippocampus and cortex 

tissues of animals[55]. It was also considered as a potent anti-
inflammatory agent modulating the different cells involved 
in this process[56]. In accordance, other investigators claimed 
a short-term silymarin treatment resulted in increased 
the levels of dopamine and norepinephrine levels in the 
cerebellum which indicated that silymarin had no adverse 
effect on the brain amine metabolism and might have 
marginal serotonergic, dopaminergic, and noradrenergic 
effects[57]. Interestingly, evidence from in vitro studies by 
using related flavonoid compounds indirectly supported 
the hypothesis of the interaction between silymarin and 
various neurotransmitters[56].

Compared to the control rats, the cerebellar cortex 
of silymarin treated rats in this work exhibited a nearly 
similar ultrastructural appearance. Apparently healthy 
mitochondria and short strands of rough endoplasmic 
reticulum were present in the Purkinje cells (two weeks old 
rats). The Purkinje cells of adult rats had slightly electron-
dense cytoplasm that was rich with rough endoplasmic 
reticulum and mitochondria with intact membranes. 
The ultrastructural examination of the granule cells of 
both age groups showed the presence of rounded or oval 
nuclei. Positive expression of GFAP was noticed in this 
group which was nearly similar to that in the control 
groups. Alike, silymarin had reported to have the ability 
to protect microglia and astroglia from oxidative insults[58]. 
Others added that the silymarin-mediated inhibition of 
gliosis was attributed to the inhibition of nuclear factor 
kappa-light-chain-enhancer of activated B cells (NF-κB) 
activation[59]. Furthermore, silymarin directly inhibited 
the activity of monoamine oxidase in the C6 astrocyte cell 
line[60]. Compared to control rats, the morphometric results 
showed no significant changes in the silymarin-treated rats 
in both age groups.

Some investigators stated that silymarin had different 
mechanisms as an antioxidant; through its direct free radical 
scavenging, by preventing the formation of free radical, by 
inhibiting specific enzymes, or by preserving the integrity of 
electron-transport chain of the mitochondria[61]. In context, 
others reported that one of the mechanisms responsible the 
capacity of silymarin to decrease oxidative stress was the 
protective effect of silymarin on mitochondrial structure 
and function. Indeed, silymarin protected the mitochondria 
from pathological changes by triggering pro-survival cell 
signaling[62]. It has been suggested that silymarin might be 
the ideal neuroprotective agent against many conditions 
in which cellular damage was a consequence of oxidative 
stress through the inhibition of neurological deficits and 
apoptosis responses[63].

CONCLUSION                                                                    

Exposure of rats to GA3, during late pregnancy and 
lactating periods affects the structure of the rat’s cerebellar 
cortex of lactating mothers and the structure and maturation 
of that of their pups. In addition, silymarin could protect 
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the cerebellum against GA3-induced oxidative stress 
probably through its antioxidant activity. Therefore, its 
supplementation could be a new approach for the reduction 
in nervous system complication due to GA3 exposure. 
Also, occupational and environmental exposure to GA3 
should be limited. 
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الملخص العربى

دراسة هستولوجية و هستوكيميائية مناعية للدورالوقائي المحتمل لمادة سيليمارين على تسمم قشرة 
مخيخ  الفأر الابيض فى الأمهات المرضعات وصغارها نتيجة لتناول حمض الجبريليك أثناء الفترة 

المتأخرة للحمل والفترة المبكرة لما بعد الولادة

هبة كمال محمد و هاله زين العابدين محمد
قسم التشريح الآدمي وعلم الأجنة – كلية الطب – جامعة أسيوط

النباتات طول العام. وتم اعتبار مادة  النبات وخاصه حمض الجبريليك لزيادة الانتاج واتاحة  المقدمة : تستخدم منظمات نمو 
سيليمارين حديثا كمادة وقائية للجهاز العصبى ضد الكثير من الامراض العصبية.

الهدف من البحث : معرفة تأثير المعالجة بحمض الجبريليك أثناء الفترة المتأخرة للحمل والفترة المبكرة لما بعد الولادة على قشره 
المخيخ بالأمهات المرضعات وأولادها والدور الوقائي المحتمل لمادة سيليمارين.

مواد وطرق البحث: تم تقسيم إجمالي عدد 30 من الفئران الحوامل عشوائيا إلى ثلاث مجموعات. المجموعة الضابطة وأعطيت 
هذه المجموعة مياه مقطرة یومیاَ عن طريق الفم ابتداءاً من اليوم الرابع عشر من الحمل وحتى اليوم الرابع عشربعد الولادة. 
الجسم عن  55مجم/ كجم من وزن  تعادل  الجبريليك  أعطيت جرعة من حمض  وقد  الجبريليك  بحمض  المعالجة  والمجموعة 
طريق الفم یومیاَ ابتداءَ من اليوم الرابع عشر من الحمل وحتى اليوم اليوم الرابع عشر بعد  الولادة والمجموعة المعالجة بحمض 
الجبريليك والسيليمارين وقد أعطيت جرعة من حمض الجبريليك تعادل 55مجم/ كجم من وزن الجسم يوميا عن طريق الفم ابتداءاً 
من اليوم الرابع عشر من الحمل وحتى اليوم الرابع عشربعد الولادة بالتزامن مع جرعة من مادة سيليمارين تعادل 100مجم/ كجم 
من وزن الجسم وفى نهاية التجربة تمت التضحية بالأمهات المرضعات وصغارها )عند عمر أسبوعين(. تم انتزاع المخيخات 

وتجهيزاها لدراستها هستولوجياً وهستوكيميائياً. كما أجريت دراسات مورفومترية وإحصائية.
النتائج : : أظهرت النتائج أن حمض الجبريليك قد أحدث خللا هستولوجيا وهستوكيميائيا فى الطبقات الثلاث لقشره المخيخ فى 
صورة خلل فى انتظام البناء و تغيرات انحلالية واتساع فى الأوعیة الدموية و فراغات ولوحظ وجود تأثير إیجابى واضح فى 
الخلايا التي صبغت بالبروتين الحامضي الليفي مع زيادة فى طول وسمك التفرعات فى الخلايا .  أما المجموعة المعالجة بحمض 
الجبريليك مع السيليمارين فقد اظهرت تحسن ملحوظ فى الخلل الناشىء من حمض الجبريليك. حيث  كان التركيب الهستولوجي 

والهستوكيميائي  لقشرة المخيخ اقرب الى الطبيعى.
الإستنتاج : أن تناول مادة السيليمارين له تأثير وقائى من التسمم العصبى الناشىء فى قشرة المخيخ نتيجة التعرض لحمض 

الجبريليك. 


