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Abstract: The present investigation aims to illustrate the effects of gibberellic acid (GA3) on the histology and
ultrastructure of the cerebellum of rats as well as the possibility of recovery after GA3 withdrawal. Rats were
equally divided into five groups. Group I served as control. Groups II&III received GA3 daily in drinking water
in two gradually increasing doses of 100 and 200 ppm, respectively, for 8 weeks. Groups IV&V received the
same treatment of GA3 as the second and third groups then were left without any treatment for another 8 weeks.
Light microscopic examination of the cerebellar cortex of GA3-treated animals revealed its prominent neurotoxic
effect on Purkinje cells and granular nerve cells in association with vacuolation in the molecular layer.
Ultrastructure of the cerebellum of GA3-treated rats confirmed the light microscopic observations. The previous
changes  were  more  severe  in rats treated with 200 ppm GA3. However, stoppage of GA3 administration for
8 weeks has resulted in some sort of regression of the previously mentioned effects. In conclusion: results of
the current study suggested that the toxic effects of GA3 were dose-dependent. While, after GA3 stoppage,
8 weeks period of follow up showed incomplete recovery of these toxic effects. So, gibberellic acid should be
used cautionary.
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INTRODUCTION months. The Environmental Protection Agency has

Many chemicals are currently used in agriculture People may be exposed to residues of GA3 in diet derived
nowadays. One of these chemicals is the plant growth from consumption of different types of fruits and
regulators  (PGRs)  where  its  use began in 1930s [1]. vegetables treated with GA3. Exposure to residues may
PGRs are also known as plant hormones or also be through drinking water [6]  Occupational exposure
phytohormones. They are chemicals that regulate plant of the agricultural workers to GA3 may occur through
growth [2]. Gibberellins are one of the six major classes of inhalation of powder and dermal contact with this
plant growth regulators according to the American compound at work places where GA3 is produced or used
Society  of  Agricultural  Science  [1]. Gibberellic acid giving the picture of acute toxicity [7]. The liver is the
(GA3) is one of the most active hormones of gibberellins. main target for the toxicity of several compounds. Recent
It affects many mechanisms of plant growth including reports indicate that GA3 may induce oxidative stress,
stem  elongation   by   stimulating   cell  division leading to the generation of free radicals and causing cells
flowering,  fruit  development  and   breaking  dormancy damage in many organs, including the heart, kidney,
[3].  Sakr et al., [4] mentioned that gibberellic acid (GA3) stomach and spleen [8] and the liver [9] of adult rats.
is used extensively in Egypt and other countries, to However, little information is available regarding the
increase  the  growth  of  many  fruits (such as neurotoxicity effect of this compound. The increasing use
strawberries and grapes) and vegetables (such as of this substance in agriculture making it as an interesting
tomatoes, cabbages and cauliflower). Gibberellic acid subject to investigate its possible adverse effects on the
(GA3) is highly persistent and bioactive in soil for cerebellum.  So,  the  aim  of  this study  was   to  evaluate

determined its use to be only allowed in low doses [5].

.
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neurotoxic effects of two different doses of GA3 in adult Group  IV:  Animals  of  the  fourth  group (recovery of
male albino rats for 8 weeks and also to determine the 100 ppm GA3-treated group) received the same treatment
effects of GA3 withdrawal on the affected organ following as the second group), then were left without any
8 weeks of follow up. treatment for another 8 weeks. 

MATERIALS AND METHODS Group V: Animals of the fifth group (recovery of 200 ppm

Chemicals: Gibaifar (5% Gibberellic acid) supplied by third group), then were left without any treatment for
AIFAR AGROCHIMICA SRL ViaBazzano, 12 16019 another 8 weeks.
RoncoScrivia (Genoa) Italy.www.aifar.it.

Preparation of GA3: 2ml and 4ml of 5 % GA3 (equivalent from  each  group  were  sacrificed  by cervical
to 100 mg and 200 mg of GA3, respectively) were diluted decapitation and cerebellum were excised and immediately
with tap water until 1000 ml to obtain 100 and 200 ppm of processed for histopathological and ultrastructural
GA3, respectively. studies.

Experimental Animals: Adult male Wistar albino rats Determination of GA3 Content in Cerebellum: A residue
weighing 180-200 g were obtained from animal house in of GA3 was estimated in cerebellum tissues by thin layer
Medical Research Center (MRC), Faculty of Medicine, chromatography method described by Official Methods
Ain Shams University. Animals were kept in stainless of Analysis [13].
cages under standard laboratory conditions with
temperature maintained at 25 ± 3°C, relative humidity of Light Microscopic Study: For light microscopic
50% ±  5%  and  12 h  alternating  light and dark cycles. examination, the cerebellum tissues were collected from all
The animals were provided with an adequate rat chow diet the animal groups, fixed in aqueous Bouin’s fixative,
and drinking tap water ad libitum throughout the study. dehydrated in ascending grades of ethyl alcohol, cleared
The experiment was conducted at the animal house in in  xylene, impregnated  in  paraffin  wax and sections of
Medical Research Center (MRC), Faculty of Medicine, 5-7 µm thickness were taken and stained with Harri’s
Ain Shams University. The experiment was performed in hematoxylin & eosin (H&E) [14] and examined for any
accordance with the "Guide for the Care and Use of structural changes under light microscope.
Laboratory Animals"[10] and was approved by the local
Ethics Committee. Transmission Electron Microscopic Study: For

Experimental Protocol: After an acclimatization period of pieces of about 1-mm3 in size and immediately fixed in
1 week, animals were divided into five groups, 10 rats each 2.5% glutaraldehyde for 24-48 hr. The specimens were
as follows: then washed in phosphate buffer (pH 7.2–7.4) 3-4 times

Group I: Animals of the first group served as control and solution of 1% osmium tetraoxide for 2 hr., after that
were received tap water. washed  in  the  same  buffer  4 times for 20 min. each.

Group II: Animals of the second group received 100 ppm ethyl alcohol (30%, 50%, 70%, 90% and 100%), cleared in
of GA3 [11] daily in drinking tap water for eight weeks. two  changes  of  propylene  oxide  and  embedded in

Group  III:  Animals  of  the  third  group were received stained with toluidine blue and examined under light
200 ppm of GA3 [9, 12] daily in drinking tap water for eight microscope. The resin blocks were retrimmed to get rid of
weeks. the undesired tissue. Ultrathin sections (60–90 nm thick)

Since all rats have the same physiologic characters, with uranyl acetate and lead citrate [16]. The grids were
daily  water  consumption  of  all  rats was approximately examined and photographed using a transmission electron
30 ± 3ml during the tests. Consequently, the GA3 intake microscope (JEOL JEM-1010, Japan) operated at 60-70 kV,
amount of each rat was about 3± 0.3mg and 6± 0.6 mg per Regional Center for Mycology and Biotechnology
day for groups II and III, respectively. (RCMB), Al-Azhar University.

GA3-treated group) received the same treatment as the

On  completion  of  experimental   period,  animals

ultrastructural examination, cerebellum was cut into small

for 20 min. every times and post-fixed in a buffered

Fixed specimens were dehydrated in ascending grades of

Epon resin [15]. Semi-thin sections (1µm thick) were

were cut, mounted on copper grids and double stained
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RESULTS deposition of Purkinje cells with marked loss in their

Concentrations of GA3 in Cerebellum: The present with the morphological alterations seen in the Purkinje
experiment  showed  that,  in  rats  treated  with 100 and layer, the molecular layer displayed increased vascularity
200 ppm of GA3 (Groups II& III, respectively) the higher with dilatation of the capillaries and prominent spongiosis
content of GA3 was found in cerebellum of rats treated in the form of multiple vacuolated areas (Fig. 3a, b &d).
with the high dose of GA3 (200ppm) than those in rats Congested, dilated blood vessels in the vicinity of
treated with the low dose of GA3 (100ppm). In the granular layer were also seen (Fig. 3 b). Also, the granular
recovery groups (IV&V), following 8 weeks of GA3 layer showed variable thickening and revealed patchy cell
withdrawal, a reduction in GA3 content was observed in loss or depletion in some areas (Fig. 3a & b). In between
cerebellum of both groups, mainly Group IV (Table 1). the affected cells, the cerebellar islands (Glomeruli)

Light   Microscopic   Findings   of   the  Cerebellum: Animals treated with 100ppm GA3 for 8 weeks then
Light microscopic examination of the cerebellar cortex of left without treatment for another 8 weeks (Group IV)
the control group revealed its well- known architecture. showed marked regression in the neurotoxic effect of
The cortex of the cerebellum which constituted its grey GA3. Purkinje cells were more or less normal in shape.
matter is formed of three layers; outer molecular layer, However, edema was observed in the molecular and
middle  Purkinje  layer  and inner granular layer (Fig. 1). Purkinje layers (Fig. 4).
The outer molecular layer has sparse population of Animals treated with 200ppm GA3 for 8 weeks then
neurons. The Purkinje layer shows large flask-shaped left without treatment for another 8 weeks (Group V)
Purkinje cells arranged typically in a single row at the showed partial recovery in the cerebellar cortex layers.
junction of the molecular layer with the granular layer. However, few Purkinje cells were affected in between the
These cells display a characteristic centrally located normal ones. Also, depletion of granular cells and
rounded open face nucleus with prominent nucleolus. downward deposition of some deformed Purkinje cells
Purkinje cells are surrounded by Bergmann astrocytes into the granular layer were still noticed (Fig. 5).
that have pale nuclei and pale cytoplasm. The next
granular  layer  contains numerous compactly disposed Ultrastructural Findings of the Cerebellum:
granular nerve cells with darkly stained nuclei surrounded Ultrastructural examination of the cerebellar cortex of
by very little cytoplasm. Small clear lightly stained areas control rat revealed that the molecular layer is mostly
called cerebellar islands (glomeruli) are also seen in formed of an extension of axons and dendrites of cells of
between the granular nerve cells (Fig. 1). the same molecular layer including basket and stellate

Light microscopic examination of the cerebellar cortex cells. The basket cells are widely distant from each other
of low dose of GA3-treated rats (Group II) revealed and contain a small amount of cytoplasm surrounding
degenerative changes specifically of the Purkinje layer pale euchromatic nuclei. The cytoplasm of these cells
which was reflected on the other two layers. The Purkinje contains few dense small-sized mitochondria and short
cells appeared irregular and shrunken and some of them cisternae  of  rough  endoplasmic   reticulum   (Fig.  6a).
were fallen off leaving empty spaces (Fig. 2a). Multilayer The Purkinje cells contain large eccentric euchromatic
deposition of Purkinje cells upward into the molecular nuclei and well defined nucleoli. Their contours are
layer with loss in their normal appearance was also seen irregular and their nuclei are bounded by rough
(Fig. 2b). Edema and congestion of blood vessels were endoplasmic reticulum organized into aggregates of
observed in the molecular, Purkinje and granular layers parallel cisternae (Fig. 6b). The Bergmann astrocytes were
(Fig. 2a & b). observed ensheathing the Purkinje cells and their nuclei

Hematoxylin & eosin stained sections of a high dose contain large blocks of condensed chromatin distributed
of GA3-treated rats (Group III) revealed disturbed normal on the inner side of the nuclear envelope. The cytoplasm
linear organization of Purkinje cells with marked contains  many  mitochondria  and ribosomes (Fig. 6c).
disarrangement, where some cells were displaced upwards The granular layer contains many dark small granular
in the molecular layer (Fig. 3d) while others were displaced cells, having slightly dark spherical nuclei with their
downwards in the granular cell layer (Fig. 3c). Purkinje characteristic condensed chromatin surrounded by very
cells appeared, irregular, distorted, shrunken with little cytoplasm (Fig. 6d). Oligodendrocytes were
pericellular unstained haloes (Fig. 3b & d). Multilayer observed between the granular cells (Fig. 6d).

normal appearance were also seen (Fig. 3b-d). In parallel

showed increased eosinophilia (Fig. 3c).



Global J. Pharmacol., 9 (3): 222-233, 2015

225

Table 1: Concentrations of GA3 in cerebellum in all the studied groups [Data are expressed as means ± S.E. (n = 10 in each group]
Groups Concentration of GA3 (µg/g) in cerebellum (Mean ± S.E.)
Group I (control) nil
Group II (100 ppm) 18.25± 1.90
Group III (200 ppm) 55.25± 2.66
Group IV (Recovery of 100 ppm) 8.75 ± 0.75
Group V (Recovery of 200 ppm) 17.00± 1.22

Fig. 1: Photomicrograph of a section of cerebellar cortex of a control rat showing the outer molecular layer (M), the
middle Purkinje layer (P) having large flask-shaped Purkinje cells (PC) with centrally located large vesicular nuclei
and are surrounded by Bergmann astrocytes (B). Note that the inner granular layer (G) is composed of closely
packed deeply stained numerous cells (arrow) and cerebellar islands (C) (H & E, X400)

Fig. 2: (a & b) Photomicrographs of sections of cerebellar cortex of rats treated with 100 ppm GA3 for 8 weeks. (a)
Showing edema (arrows) in the molecular, Purkinje and granular layers and shrunken Purkinje cells with pyknotic
(PK) nuclei. Some Purkinje cells are fallen off leaving empty space (S). Congestion of blood vessels and
perivascular edema (arrow heads) appear in the molecular layer. (b) Showing multilayer deposition of Purkinje cells
upward into the molecular layer (arrows), pyknotic (PK) nuclei of Purkinje cells and congestion of blood vessels
(arrow heads) in the molecular and granular layers (H&E, a &b X400)

Electron microscopic examination of the cerebellar indistinct nucleoli. Their cytoplasm had deformed rough
cortex of rats treated with 100 ppm GA3 (Group II) endoplasmic  reticulum  and   distorted   mitochondria
revealed marked alteration in the cerebellar cortex layers. (Fig. 7b). Bergmann astrocytes appeared swollen with
The molecular layer revealed basket cell with marked clear cytoplasm (Fig. 7b). Furthermore, Granular cells with
infolding of the nuclear envelope and ill-defined irregular nuclear envelopes or pyknotic nuclei were
cytoplasmic organelles (Fig. 7a). Nerve axons appeared detected (Fig. 7b &c). An increase in electron density of
with distorted myelin sheath and the neuropil was the nuclei of oligodendrocytes and distortion in the
vacuolated (Fig. 7a&b). In Purkinje layer, some Purkinje contour of the myelinated axons surrounding the granular
cells had nuclei with ill-defined nuclear envelopes and cells were also noticed (Fig. 7c).
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Fig. 3: (a-d) Photomicrographs of sections of cerebellar cortex of rats treated with 200 ppm GA3 for 8 weeks. (a) Showing
marked edema in the Purkinje layer (arrow head). There are marked distortions in the Purkinje cells which are small
in size with pyknotic (PK) nuclei. There is increase in the vascularity with dilatation of the capillaries (arrows) in
the molecular and granular layers. Also, there is marked variability in the thickness of granular layer and in the
cell population. (b) Showing marked disarrangement of the Purkinje cells (PC) and some of them appear shrunken
with irregular outline and pyknotic nuclei. Congested, dilated blood vessels in the granular and molecular layers
are also seen (arrows). Most of granular cells appeared small with pyknotic (PK) nuclei. (c) Showing multilayer
deposition of Purkinje cells downward into the granular layer (arrows) with marked loss in their normal appearance
and increased eosinophilia of some cerebellar islands (Glomeruli) (*). (d) Showing multilayer deposition of
Purkinje cells upward into the molecular layer (arrows), the Purkinje cell appeared shrunken, distorted with
pericellular  unstained  halo  (double  arrows).  Notice  spongiosis  and vacuolation of the molecular layer (*)
(H&E, a&b X200; c &d X400)

Fig. 4: Photomicrograph of a section of cerebellar cortex of a rat treated with 100 ppm GA3 for 8 weeks then left without
treatment for another 8 weeks (recovery of low dose GA3) showing marked recovery in some Purkinje cells (PC).
They are more or less normal in shape. However, edema (arrows) in the molecular and Purkinje layers is noticed.
(H&E, X400)
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Fig. 5: Photomicrograph of a section of cerebellar cortex of a rat treated with 200 ppm GA3 for 8 weeks and then left
without treatment for another 8 weeks (recovery of high dose GA3) showing partial recovery in the cerebellar
cortex layers. However, depletion of granular cells and downward deposition of some deformed Purkinje cells into
the granular layer are still noticed (arrows) (H&E, X400)

Fig. 6: (a-d) Transmission electron micrographs in the cerebellar cortex of control rats. (a) Showing basket cell in the
molecular layer with euchromatic nucleus (N), the cytoplasm contains mitochondria (M), rough endoplasmic
reticulum (RER). Notice the presence of many synaptic junctions (S) in the surrounding neuropil. (b) Showing
Purkinje cell. The nucleus (N) is euchromatic with few clumps of heterochromatin. Notice the invagination of the
nuclear envelope (arrow).The cytoplasm contains aggregates of RER, ribosomes (R) and numerous mitochondria
(M)). (c) Showing part of Purkinje cell (PC) and Bergmann astrocyte with euchromatic nucleus (N) and pale
cytoplasm containing ribosomes (R) and mitochondria (M). (d) Showing granular cells which are crowded in
groups. These cells have central large oval nuclei (N) with peripheral clumped chromatin (arrow), which are
surrounded by thin rim of cytoplasm. The cytoplasm contains mitochondria (M) and free ribosomes (R).
Oligodendrocytes (O) are observed between the granular cells (TEM, a X 15000; b &c X8000; d X5000)
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Fig. 7: (a-c) Transmission electron micrographs in the cerebellar cortex of rats treated with 100 ppm GA3 for 8 weeks. (a)
Showing the molecular layer; Notice the vacuolated neuropil (arrows), basket cell with euchromatic indented
nucleus (N) and ill-defined cytoplasmic organelles and distorted myelinated axons (A). (b) Showing two Purkinje
cells (PC), their nuclei (N) with ill-defined nuclear envelopes and the cytoplasm contains deformed rough
endoplasmic reticulum (RER) and distorted mitochondria (M)). Swollen Bergmann astrocytes (B) ensheathing
Purkinje cells and degenerated myelinated axons (A) are also noticed. Granular cell (GC) with irregular nuclear
envelope is also seen. (c) Showing shrinkage of granular cell nuclei (*) and distortion in the contour of myelinated
axons (A) surrounding the granular cells. Notice oligodendrocyte (O) with condensed nuclear chromatin (TEM,
a X6000; b&c X5000)

In cerebellar cortex of 200 ppm GA3-treated rats Moreover, the Bergmann astrocytes appeared swollen
(Group III), prominent ultrastructural alterations were with pale nuclei and vacuolated cytoplasm containing
observed. In the molecular layer, the nucleus of the basket disrupted mitochondria and short strands of rough
cells showed deformed chromatin and the cytoplasm endoplasmic reticulum (Fig. 8 b-d). In the granular layer,
contains vesiculated rough endoplasmic reticulum and some granular cells appeared with condensed nuclear
degenerated mitochondria. Vacuolated neuropil chromatin and irregular nuclear envelopes, the others
containing swollen mitochondria with loss of matrix was showed pyknotic nuclei. Their cytoplasm had dilated
also seen (Fig. 8a). Most of the Purkinje cells appeared perinuclear cisternae of rough endoplasmic reticulum and
deformed and shrunken, losing their characteristic disrupted mitochondria (Fig. 8d &e). The granular layer
pyriform shaped and they had increased indentation of also showed severely degenerated myelinated axons,
their nuclear envelopes. Furthermore, many nuclei of the oligodendrocyte with dense clumped chromatin or
Purkinje cells were pyknotic (Fig. 8b). The cytoplasm of pyknotic nuclei and congested blood vessels (Fig. 8b &
the Purkinje neurons appeared more electron dense e).
compared with that of the control group. It contained Concerning the recovery group (Group IV), animals
perinuclear distorted Golgi complex formed of a few that received 100 ppm GA3 for 8 weeks then left without
dilated cisternae, abnormal mitochondria with rarified treatment for another 8 weeks, their ultrathin sections
matrix and ill-defined cristae. The rough endoplasmic showed apparent decrease in the cerebellar damaging
reticulum cisternae seemed to be vesiculated (Fig. 8c). effect  of  GA3  as  in  most  of   the   Purkinje   nerve  cells,
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Fig. 8: (a-d) Transmission electron micrographs in the cerebellar cortex of rats treated with 200 ppm GA3 for 8 weeks. (a)
Showing molecular layer containing abnormal basket cell, the nucleus (N) has deformed chromatin, the cytoplasm
contains vesiculated rough endoplasmic reticulum (RER) and degenerated mitochondria (M). Notice the
vacuolated neuropil (VN) contains swollen mitochondria (M1) with loss of matrix. (b) Showing two Purkinje cells,
one Purkinje cell has abnormal nucleus with active nucleolus and prominent infoldings in the nuclear envelope
(PC1) and the other cell (PC2) shows shrunken pyknotic nucleus. Some granular nerve cells (GC) show chromatin
condensation and oligodendrocytes (O) appear with dense clumped chromatin. Vacuolization (V) is also observed
in the cytoplasm of Bergmann astrocyte (B). (c) Showing Purkinje cell (PC) with dense cytoplasm containing
dilated Golgi vesicles (Gg), vesiculated cisternea of rough endoplasmic reticulum (RER) and degenerated
mitochondria (M). Notice the Bergmann astrocyte (B) with vacuolated cytoplasm (V) containing dilated rough
endoplasmic reticulum (RER) and degenerated mitochondria (M1). (d) Showing abnormal granular cells (GC). One
of them has pyknotic (PK) nucleus and the others show deformed nuclei. The nucleus of Bergmann astrocyte (B)
appeared pale and the cytoplasm is vacuolated (V). Notice marked vacuolation of the neuropil (VN). (e) Showing
area of the granular layer containing degenerated myelinated axons (A) and oligodendrocyte (O) with pyknotic
nuclei. Some granular cells (GC1) appear with condensed nuclear chromatin and irregular nuclear envelope, the
others (GC2) showed pyknotic nuclei and deformed cytoplasm containing dilated cisternae of rough endoplasmic
reticulum (RER) and disrupted mitochondria (M). Congested blood vessel is also noticed (*) (TEM, a-e X5000)
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Fig. 9: (a & b) Transmission electron micrographs of cerebellar cortex of rats treated with 100 ppm GA3 and then left
without treatment for 8 weeks (recovery of low dose GA3). (a) Showing marked recovery of Purkinje cell, the
nucleus (N), Golgi apparatus (Gg), rough endoplasmic reticulum (RER) and mitochondria (M) appear nearly in
restored condition. (b) Showing nearly normal granular Layer cells (GC) and regular lamellar structure of the
myelin sheath around the apparently normal axons (A). Bergmann astrocytes (B) with few cytoplasmic vacuoles
(V) and oligodendrocytes (O) in between the granular cells (TEM, a X10000; b X 4000)

Fig. 10: (a &b) Transmission electron micrographs of cerebellar cortex of rats treated with 200 ppm GA3 then left without
treatment for 8 weeks (recovery of high dose GA3). (a) Showing partial recovery of Purkinje cells (PC), their
nuclei (N) appear with condensed clumped nuclear chromatin and dense cytoplasm. The granular cells (GC) with
nearly normal appearance. (b) Higher magnification of (a) showing Purkinje cell with nearly restored mitochondria
(M) and Golgi apparatus (Gg), however, some vesiculated rough endoplasmic reticulum (RER) are still observed.
Notice the Bergmann astrocyte (B) with nearly normal mitochondria (M) and some cytoplasmic vacuoles (V)
(TEM, a X4000; b X8000)

the nucleus, Golgi apparatus, rough endoplasmic treatment for another 8 weeks, some Purkinje neurons
reticulum and mitochondria appeared nearly in restored showed signs of partial recovery. Their cytoplasm was
condition (Fig.9a). The granular layer exhibited apparently electron dense and the nuclei were irregular in shape and
normal cerebellar islands in the vicinity of normal granular contained clumped chromatin. Mitochondria and Golgi
nerve cells. Regular compact lamellar structure of the apparatus appeared in restored condition, however, some
myelin sheath was preserved around the apparently vesiculated rough endoplasmic reticulum were observed
normal axons (Fig. 9b). However, Bergmann astrocytes (Fig. 10 b). The granular cells were more or less similar to
appeared with few cytoplasmic vacuoles (Fig. 9b). those of the control group (Fig. 10 a). Some Bergmann

In the recovery group (Group V), animals that astrocytes displayed nearly normal mitochondria and
received 200 ppm GA3 for 8 weeks then left without vacuolated cytoplasm. (Fig. 10b).
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DISCUSSION Purkinje cells in mice treated with the psychoactive drug,

In the recent years, a significant increase in the use of the nuclear envelopes of the Purkinje cells and the
of GA3 against harmful agricultural pests and to promote appearance of many cytoplasmic changes in the current
fruit growth has been observed in Egypt and other study might reflect the association between GA3 and
countries. Although GA3 was widely used in agriculture, oxidative stress. The nuclei of these cells were pyknotic
little is known about the effect of GA3 in mammalian and had condensation of chromatin. These findings could
tissues. To our knowledge, no information is available be explained by the report of previous investigators who
regarding  the  neurotoxic effect of this compound on the suggested that dying neurons can undergo condensation
ultrastructure level in rats. Therefore, the aim of this study and dissolution of chromatin [25]. As regards to the
was to investigate the effects of GA3 on the histological intracellular  structure  of Purkinje cells, high doses of
and ultrastructural pattern of the cerebellum in adult male GA3-treated rats showed cytoplasmic vacuolation,
albino rats and also to determine the effects of withdrawal dilatation of rough endoplasmic reticulum and Golgi
of GA3 on the affected structures following 8 weeks of apparatus. Some small vesicles of the rough endoplasmic
follow up. reticulum accumulated to form clusters near the Golgi

In the present study, GA3 content was detected in bodies which was probably an indicator of the
cerebellum of rats treated with GA3. Our data confirmed disturbance in the vesicular transport between rough
recent investigations of Troudi et al. [12] who recorded endoplasmic  reticulum and Golgi apparatus. In the
GA 3 content in plasma, cerebrum, cerebellum, stomach present  work,  electron  microscopic  examination
and milk of female rats exposed to GA3 during late revealed markedly affected mitochondria of Purkinje cells.
pregnancy and early postnatal periods. These findings are in accordance with results of

Several studies have reported that the central Sobaniec-Lotowska  [26]  who attributed the
nervous  system  is  the principal target organ for PGRs ultrastructural abnormalities of Purkinje cell following
[17, 18]. It is especially susceptible to oxidative damage administration of the antiepileptic drug, sodium valproate,
due to its high oxygen consumption rate, high levels of to the profound disorder of inter cellular biochemical
polyunsaturated  fatty  acids and to its relatively low events such as inhibition of oxidative phosphorylation
levels of defense mechanisms against oxidant toxicity [19]. due to direct toxic effect of the drug or its metabolites.
Recent reports indicate that the toxicity of many Furthermore, the present results revealed that the
xenobiotics, including PGRs, is associated with the myelinated axons of cerebellar cortex of GA3 treated-rats
generation  of reactive oxygen species (ROS) which revealed considerable degenerative structural changes
interacts with tissues, leading to numerous within their axoplasm. This finding is similar to that
pathophysiological aberrations [20, 21]. In fact, ROS could recorded by SobaniecLotowska [27] who made an
damage every major cellular component, including ultrastructural study on synaptic junctions in the
membranes, lipids, carbohydrates and DNA [22]. The cerebellar cortex in experimental valproate
present work revealed that GA3 induced morphological encephalopathy. Lehning et al. [28] and Sobaniec-
changes in the cerebellar cortex of adult male albino rats, Lotowska and Lotowska [29] explained that the disruption
mostly  on  the  Purkinje  and  granular  nerve cells. in myelination was attributed to the changes in myelin
Purkinje cells appeared irregular, distorted, shrunken with basic  protein  secondary  to  membrane damage and
pericellular unstained haloes. Multilayer deposition of axonal degeneration after exposure to toxic substance.
Purkinje cells with loss in their normal appearance was They added that dysmyelination including folding and
also seen. The cytoplasm of these cells showed splitting at various levels of the myelin lamellae was
eosinophilic homogenization with irregular darkly stained attributed to increased water content in degenerating
pyknotic nuclei. The present results are in agreement with nerve causing intramyelinic edema with separation of
those recorded by Troudi et al. [12] in the cerebellum of myelin lamellae. In the present work, the observed darkly
rat  treated  with gibberellic acid. In a similar study, stained nuclei of the granular layer which gathered in a
Shalaby et al. [23] revealed disturbed, displaced, clumping manner were thought to be secondary to the
shrunken Purkinje cells with pyknotic nuclei and changes occurred in the Purkinje cells. As the
eosinophilic homogenized cytoplasm in the cerebellar degenerated Purkinje cells failed to establish contact with
cortex of rats treated with antiepileptic drug, valporic acid. the granular cells, this will lead to lack of normal
Also, Attia et al. [24] revealed deformed and shrunken synchronism  between  both  cells  that might minimize the

alprazolam. Ultrastructurally, the increase in the infoldings
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