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SUMMARY

The cerebellum is a crucial component in the neuron circuit responsible
for muscle coordination, posture, locomotion and head position. The aim
of this study is to clarify the effect of nicotine on the postnatal
development of the cerebellar cortex in the albino rat. A total number of
80 albino rats were used in this work. They were divided into two
groups, a control group and an experimental one. The experimental
group included the offspring of nicotine treated mothers. Nicotine free
base was administered to the pregnant rats started from the 141 day of
gestation till birth and during the whole period of lactation. The dose of
nicotine used in this study was 6 mg/ kg/ day. Nicotine was injected
subcutaneously in a single dose. Eight animals in both control and
nicotine freated groups were sacrificed at the following ages (newly
born, seven days, fifteen days, twenty-one days and sixty days).
Specimens of the cerebellar cortex were processed for the study by
transmission electron microscope. The thickness of the cerebellar
cortical layers (molecular, purkinje and internal granular layers) and the
number of cells in the internal granular layer per field (12060 micron?)
were measured and statistically analyzed. The results of the present work
revealed complete disappearance of the external granular layer at twenty
one postnatal day in the control group while it was noticed persistence of
it in the nicotine-treated group after this age. In the nicotine treated
group, the purkinje cell layer remained as multicellular layer till the age
of fifteen days in comparison with the control group which attained the
typical moncellular pattern by the end of the first week. Several cavities
appeared to be present in the internal granular layer of nicotine-treated
group. The ultrastructural study of purkinje neurons of the nicotine-
treated group showed the presence of many degenerative changes. The
thickness of the cerebellar cortical layers and the number of ceils in the
internal granular layer revealed statistically significant decrease in the
nicotine-treated group at all ages as compared with that of the control. It
was concluded from this work that nicotine could induce delayed
cerebellar development with neuronal damage. So, cigarette smoking
was recommended to be prohibited during pregnancy and through the
period of lactation.
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INTRODUCTION

The increased prevalence of smoking has received considerable
public attention. Nicotine is the principle active component in cigarette
and cigar (Anderson ef al, 2002). It has good lipid solubility, It is
rapidly absorbed through oral mucosa, respiratory tract, gastrointestinal
tract as well as skin (Ellenhorn et al., 1997). Sastry and Chance (1994)
reported that nicotine crosses freely the placental barrier and transfers to
the fetal compartment. They found that the fetal nicotine concentration is
higher than the maternal concentration. Furthermore, nicotine is excreted
in the breast milk (Klonoff-Cohen et @/, 1995). De Zwart and Sellman
(2002) reported that maternal smoking, either actively or passively, has
not only an adverse pregnancy outcome but also a potential long-term
effects on both maternal and fetal health. Slotkin ef al. (2000) stated that
prenatal and neonatal nicotine exposure evokes alterations in the
development of central nervous system structurally, neurochemically
and neurobehaviorally.

The cerebellum is a crucial component in the neuron circuit. It is
responsible for muscle coordination, posture, locomotion and head
position. It is one of the few regions of the rat brain that undergoes a
profound morphogenetic transformation after birth (Carpenter, 1991).
The aim of this study is to clarify the effect of nicotine on the postnatal
development of the cerebellar cortex in the albino rat.

MATERIALS and METHODS

In this work, a total number of 80 albino rats were used. They
were divided into two groups, a control group and an experimental one.
The experimental group included the offspring of nicotine treated
mothers. Nicotine free base was administered to the pregnant rats started
from the 14™ day of gestation till birth and during the whole period of
lactation (21% day postnatally). Then the nicotine administration was
stopped. The dose of nicotine used in this study was 6 mg/kg/ day.
Nicotine was injected subcutaneously in a single dose. The control group
included the offspring of non treated mothers. The control mother rats
were injected by saline on the same regimen. Eight animals in both
control and nicotine-treated groups were sacrificed at the following ages: -
newly born, seven days, fifteen days, twenty-one days and sixty days.
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The cerebella were extracted and fixed in cacodylate buffered
glutaraldehyde solution (PH > 7.2). Pieces of cerebellar vermis were
processed for the ultrastructural study with transmission electron
microscope. Semithin sections (0.5 — 1 Um) were stained with toluidine
blue. Ultrathin sections (450-500 A) were stained with uranyl acetate
and lead citrate. Stained ultrathin sections were examined by Jeol- JEM-
100 CX1I electron microscopy.

Morphometric procedure

In this work, estimation of the thickness of the molecular,
purkinje and internal granular layers and the number of cells in the
internal granular layer per field (12060 micron®) were done. All these
parameters were estimated in both control and nicotine treated groups at
the previously selected ages. They were measured from semithin
sections using computerized image processing and analysis system Lecia
Q500 M.C.

Statistical analysis:

For both the control and nicotine treated rats in each age, the
mean and standard error for the thickness of the cerebellar cortical layers
and the number of cells in the internal granular layer per field (12060
micron®) were calculated. Difference between groups were tested by the
student’s t-test.

RESULTS

Newly born rats:

In the control animals, the cerebellar cortex at this age shows the
presence of the following layers: externai granular layer, molecular
iayer, purkinje cell layer and internal granular layer, from the pial
surface inward. The external granular layer is formed of a relatively
thick sheet of rounded and oval cells lying underneath the pial surface.
The molecular layer is poorly developed pale zone formed of few
oblonged cells with several mitotic figures. The purkinje cell layer
appears as a multilayered sheet of relatively large cells intermingled with
those of the superficial zone of the internal granular layer. The line of
demarcation between the molecular layer and purkinje cell layer is ill-
defined. The internal granular layer is formed of packed, deeply stained
round cells (Fig.1). The ultrastructure of the purkinje neuron shows that
the cell has a considerable degree of differentiation. It has an oval
nucieus with fine granular chromatin. The nucleus Is surrounded by a
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narrow rim of cytoplasm which contains mitochondria, rough
endoplasmic reticulum and free ribosomes (Fig. 11},

In the nicotine-treated animals, the external granuiar layer shows
the presence of multiple cavities. The molecular layer is formed of
faintly stained cells. Purkinje celis are relatively small with pale staining
as compared with those of the control. The internal granular layer shows
the presence of several cavities (Fig. 2). The ultrastructure of the
purkinje neuron demonstrates that it is less differentiated as compared
with the control. Its nucleus shows the presence of multiple
invaginations of the nuclear membrane. The cytoplasm contains swollen
rough endoplasmic reticulum, damaged mitochondria, free ribosomes
and many lysosomes (Fig. 12).

Seven days old rats:

In the control animals, the molecular layer appears at this age as
a well defined zone and shows marked increase in its cellularity. The
purkinje cell layer is formed of a single row of well-defined cells
arranged parallel to the pial surface. These cells have large sized and
flask shaped body with well-defined nuclei and prominent nucleoli.
Purkinje cells are still intermingled within the cells of superficial zone of
the internal granular layer. The internal granular layer is stuffed with
densely packed round cells with well defined nuclei (Fig. 3). The
ultrastructure of the purkinje neurons shows well developed nuclei with
homogenous distribution of chromatin. The cytoplasm contains many
free ribosomes, rough endoplasmic reticulum and mitochondria (Fig.13).

In the nicotine-treated animals, the molecular layer seems to be
hypocellular as compared with the control animals. The purkinje cell
layer is still a multilaminated layer composed of more than two rows-of
cells. The cytoplasm of the purkinje cells appears to be faintly stained
with relatively ill-defined nuclei and nucleoli. Multiple cavities are
present within the internal granular layer (Fig. 4). The ultrastructure of
the purkinje ncurons shows irregularly shaped nuclei with multiple
invaginations of the nuclear membrane. The nucleus also has multiple
densely stained chromatin patches. The cytoplasm contains damaged
mitochondria, free ribosomes and many lysosomes (Fig. 14).

Fifteen days old rats:

In the control animals, the molecular layer appears to reach its
maximal cellularity by this age. It contains many round and oval celis.
The purkinje cells are well developed and arranged in a single row. They

contain an abundant amount of Nissl granules, well defined nuclei and

prominent nucleoli. The internal granular layer is well developed
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(Fig. 5). The ultrastructural features of the purkinje neuron at this age
demonstrate that the cell has oval nucleus with fine granular chromatin.
The cytoplasm appears to be rich with mitochondria, rough endoplasmic
. reticulum and free ribosomes (Fig. 15).

In the nicotine-treated animals, the molecular layer appears
relatively hypocellular than that of the control animals. The purkinje cell
layer is still formed of more than one row of cells. Purkinje cells are of
variable size and distorted in shape. Some cells appear to be separated
from the underlying internal granular layer. The internal granular layer
shows the presence of multiple cavities (Fig. 6). The ultrastructure of the
purkinje neuron shows delayed differentiation which is manifested by
the presence of irregular shaped nucleus. The cytoplasm shows the
presence of free ribosomes, vesicles of variable size and many
lysosomes (Fig. 16).

Tweénty one days old rat:

_In the control animals, the cerebellar cortex at this age reveals
complete disappearance of the external granular layer. The molecular
layer has a considerable number of cells. The purkinje cell layer is well
defined. Thesc cells are arranged in one row which are widely separated
from each other. The internal granular layer is well developed and
formed of well defined granular cells with deeply stained nuclei (Fig. 7).
The ultrastructural picture of purkinje neurons shows well circumscribed
nuclei with evenly distributed chromatin material. The cytoplasm is
filled with free ribosomes, numerous mitochondria and rough
endoplasmic reticulum (Fig. 17).

In the nicotine-treated animals, the external gramular layer still
persists and shows few scattered cells that are arranged in two rows. The
molecular layer contains many swollen round cells. Purkinje cells appear
to be faintly stained and lying close to each other. The internal granular
layer shows the presence of multiple cavities (Fig. 8). The ultrasructure
of purkinje neuron demonstrates that the nucleus has peripheral
condensation of chromatin. The cytoplasm contains ribosomes, short
swollen segments of rough endoplasmic reticulum and many lysosomes
(Fig. 18).

Sixty days old rats:

In the controi animals, the cerebellar cortex at this age shows that
the molecular layer appears to be well developed. The purkinje cell layer
is well-defined and widely separated from each other. They contain
distinct nuclei with prominent nucleoli. The internal granular laver is
well developed (Fig. 9). The ultrastructural features of purkinje neurons
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show the presence of well developed oval centrally located nuciei with
fine granular chromatin. The cytoplasm is rich with free ribosomes,
rough endoplasmic reticutum and mitochondria (Fig. 19).

In the nicotine-treated animals, the molecular layer shows a
relative decrease in width as compared with the contro! one. Kt also
shows the presence of some swollen cells. The purkinje cells appear to
be swolien and faintly stained. The internal granular layer shows the
presence of many cavities (Fig. 10). The ultrastructural study of purkinje
neuron shows that it has a relatively small nucleus with peripheral
chromatin condensation. The cytoplasm contains swollen cisternae of
rough endoplasmic reticulum, free ribosomes and many lysosomes
(Fig. 20). '

Morphometric findings:

Estimation of the molecular layer thickness shows highly
significant decrease (P<0.001) in the nicotine-treated animals at al! ages
as compared with that of the control animals. The means of the
molecular layer thickness at 7 days, 15 days, 21 days and 60 days old
nicotine-treated animals are (46.74 £ 0.1245, 97.11 £ 0.1929, 127.2%
0.2099 and 138.4 + 0.2002) and in the control animals at the same ages
are (61.77 £ 0.096, 99.4 + 0.2864, 130.8 + 0.1107 and 139.9 + 0.194)
respectively (Tablel, Fig.21).

The mean thickness of the purkinje cell layer at 7 days old
nicotine-treated animals is (21.64 + 0.01269) which shows highly
significant decrease (P < 0.001) as compared with that of the control
animals (23.35 + 0.2448), At 15 days old nicotine- treated rats, there is
mild significant decrease (P < 0.05) in the thickness of the purkinje cell
layer where the mean is (22.35 + 0.1786) and in the control is (22.93 =
0.271). The thickness of the purkinje cell layer shows moderate
significant decrease (P<0.01) in the 21 days old nicotine-treated rats
where the mean is (23.62 + 0.1109) as compared with that of the control
(24.21 £ 0.1323). The mean thickness of the purkinje cell layer at 60
days old nicotine-treated animals is (25.36 £ 0.1158) which shows mild
significant decrease (P < 0.05) than that of the control animals {26.01 £
0.2297) (Table 2, Fig. 22).

The thickness of the internal granular layer in the nicotine-treated
rats shows decrease at the all ages as compared with that of the control
rats. This decrease is non significant at the newly born and 7 days old
nicotine-treated rats where the means of the internal granular layer
thickness are (52.1 + 0.0903 and 73.11 = 0.0983) and in the control are
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(52.15 £ 0.1111 and 73.28 £ 0.0728) respectively. The decrease is found
to be highly significant (P < 0.001) at 15 days, 21 days and 60 days old
nicotine- treated rats where the means of the internal granular layer
. thickness are (94.65 £ 0.0441, 119.1 £ 0.1710 and 136.7 = 0.1819) and
in the control are (115.6 £ 0.0988, 142.7 + 0.0514 and 146.9 = 0.1614)
respectively (Table 3, Fig. 23).

Measuring the mean number of cells per field (12060 micron?®)
within the internal granular layer at the newly born nicotine-treated rats
is found to be (121.8 £ 0.2906) which shows no difference from that of
the control (121.8 £ 0.359). At 7 days old nicotine-treated rats, the mean
number of cells per field (12060 micron?) in the internal granular layer is
(124.6 * 0.2667) which shows mild significant decrease (P<0.05) than
that of the control (125.8 £ 0.4667). The number of cells per field
(12060 micron ) within the internal granular layer shows highly
significant decrease (P < 0.001) at 15 and 21 days old nicotine-treated
rats where the means are (139.1 = 0.2333 and 158.2 £ 0.2) and in the
control animals are (145.1 + 0.233 and 162.7 + 0.2134) respectively. The
mean number of cells per field (12060 micron®) within the internal
granular layers at 60 days old nicotine-treated rats is (102.9 = 0.314)
which shows significant increase (P < 0.001) as compared with that of
the control (99.7 £ 0.3) (Table 4, Fig. 24).

LEGENDS FOR FIGURES

Fig. 1: A photomicrograph of semithin section of the cerebellar cortex of
newborn control rats. It shows well differentiated external
granular layer (EGL), the molecular layer (ML) is formed of few
oblonged ceills with mitotic figure among these cells (arrow),
purkinje celis (P) are arranged in multiple rows and the internal
granular layer (IGL) is formed of packed round cells .

: (Toluidine blue; X400)

Fig. 2: A photomicrograph of semithin section of the cerebellar cortex of
newborn nicotine-treated rats. It shows multiple cavities (arrows)
in the external granular layer (EGL), cells of the moiecular iayer
{ML) are faintly stained, purkinje cells (P) are relatively small as
compared with the control and the internal granular layer (IGL)
shows the presence of many cavities (arrows).

{(Teluidine blue; X400)
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Fig. 3:

Fig. 4:

Fig. 5:

Fig. 6:

Fig. 7.

Fig. 8:
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A photomicrograph of semithin section of the cerebellar cortex of
seven days old confro! rats. It shows increase in the cellularity of
the molecular layer (ML) than the previous age, purkinie cells
(P) are arranged in a single row and the internal granular layer
(IGL) is stuffed with densely packed round cells.
' (Toluidine blue; X400)

A photomicrograph of semithin section of the cerebellar cortex of
seven davs old nicotine-treated rats. It shows hypocelluarity of
the molecular layer (ML) as compared with the control. Note that
the purkinje cells (P} are faintly stained and arranged in 2-3 rows
and the internal granular layer (IGL) shows the presence of
multiple cavities {(arrows). :

(Toluidine biue; X400)
A photomicrograph of semithin section of the cerebellar cortex of
fifteen days old control rats. It shows that the purkinje cells (P)
arc arranged in a single row and have well defined nuclei
prominent nucleoli. Note that the internal granular layer (IGL) is
well developed.

(Toluidine blue; X400)
A photomicrograph of semithin section of the cerebellar cortex of
fifteen days old nicotine-treated rats showing distorted purkinje
cells (P) that are arranged in two rows in some areas. Note the
presence of many cavities (arrows ) within the internal granular
layer (IGL).

(Toluidine blue; X400)
A photomicrograph of semithin section of the cerebellar cortex of
twenty one days old control rats showing complete disappearance
of the external granular layer. Note that the molecular layer (ML)
has a considerable number of cells, the purkinje cells (P) contains
an abundant amount of Niss! granules and widely separated from
each other and the internal granular layer (IGL) is formed of cells
with deeply stained nuclei.

(Toluidine blue; X400)
A photomicrograph of semithin section of the cerebellar cortex of
twenty one days old nicotine-treated rats showing persistence of
the external granular layer (EGL). Note that the molecular layer
(ML) contains many swollen cells, purkinje cells (P) are faintly
stained and lying close to each other and the presence of many
cavities (arrows) within the internal granular layer (IGL). '

(Toluidine blue; X400)
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Fig. 9: A photomicrograph of semithin section of the cerebellar cortex of
sixty days old control rats showing well developed molecular
layer (ML), purkinje cells layer (P) and internal granular layer
(IGL).

: (Toluidine blue; X400)

Fig. 10: A photomicrograph of semithin section of the cerebellar cortex
of sixty days old nicotine-treated rats. It shows the presence of
some swollen cells in the molecular layer (ML), purkinje cells
(P) are swollen and faintly stained and the presence of many
cavities (arrows) within the internal granular layer (IGL).

{Toluidine blue; X400)

Fig. 11: Electron photomicrograph of purkinje neuron in the newborn
control rat cerebellar cortex. It shows that the cell has oval
nucleus (N) with fine granular chromatin. The nucleus is

- surrounded by a narrow rim of cytoplasm which contains
. mitochondria (M), rough endoplasmic reticulum (RER) and free

ribosomes (R).
(X 6.700)

Fig. 12: Electron photomicrograph of purkinje neuron in the newborn
nicotine- treated rat cerebellar cortex. It shows that the nucleus
(N) has multiple invaginations of the nuclear membrane. The
cytoplasm contains swollen rough endoplasmic reticulum (RER),
damaged mitochondria (M), free ribosomes (R) and many
lysosomes (L).

(X 6.700)

Fig. 13: Electron photomicrograph of purkinje neuron of seven days old
control rat cerebellar cortex. It shows that the cell has well
developed nucleus ‘(N) with homogenous distribution of
chromatin. The cytoplasm has many free ribosomes (R), rough
endoplasmic reticulum (RER) and mitochondria (M).

(X 6.700)

Fig. 14: Electron photomicrograph of purkinje neuron of seven days old
nicotine-treated rat cerebellar cortex showing irregular shaped
nucleus (N) with multiple densely stained chromatin patches.
The cytopiasm shows the presence of damaged mitochondria
(M), free ribosomes (R) and many lysosomes (L).

(X 6.700)
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Fig. 15: Electron photomicrograph of purkinje neuron of fifteen davs old
control rat cerebellar cortex showing that it has oval nucleus (N)
with fine granular chromatin. The cytoplasm contains
mitochondria (M), rough endoplasmic reticulum (RER) and free
ribosomes (R).

(X 6.700)

Fig. 16: Electron photomicrograph of purkinje neuron of fifteen days old
nicotine-treated rat cerebellar cortex showing that it has irregular
shaped nucleus (N). The cytoplasm shows the presence of free
ribosomes (R), vesicles of varlable size (V) and many lysosomes
L. -

(X 6.700)

Fig. 17: Electron photomicrograph of purkinje neuron of twenty one
days old control rat cerebellar cortex showing that the nucleus
(N) has evenly distributed chromatin material. The cytoplasm
contains mitochondria (M), rough endoplasmic reticulum (RER)
and many free ribosomes (R),.

(X 6.700)

Fig. 18: Electron photomlcrograph of purkinje neuron of twenty one
days old nicotine-treated rat cerebellar cortex. It shows that the
nucleus (N) has peripheral condensation of chromatin. The
cytoplasm contains swollen rough endoplasmic reticulum (RER),
ribosomes (R), and many lysosomes (L).

(X 6.700)

Fig. 19: Electron photomicrograph of purkinje neuron of sixty days old
control rat cerebellar cortex. It shows well developed oval
centrally located nucleus (N) with fine granular chromatin. The
cytoplasm is rich with free ribosomes (R), rough endoplasmic
reticulum (RER) and mitochondria (M).

(X 6.700)

Flg 20: Electron photomicrograph of purkinje neuron of sixty days old
nicotine-treated rat cerebellar cortex showing that it has
relatively small nucleus (N) with peripheral chromatin
condensation. The cytoplasm contains swollen rough
endoplasmic reticulum (RER), free ribosomes (R) and lysosomes
(L).

(X 6.700)
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Table 1: Thickness of the molecular layer (micron) of control and
nicotine treated rats at different ages

! Control animals | Nicotine treated animals i
‘ Age No. | Mean S.E. No. | Mean SL—Hl Difference I t
‘ New born ' --- --- ‘ --- - o .- - ! -
|
7 days 8 | 61.77 J 0.09 |8 E 46.74 '\ 0.1245 ‘ 15.03 | 95.612
15days | 8 [99.4 10284 8 9711 {01929 | 229 |6.6519
" 21 days : 8 % 130.8 l‘ $.1107 1 8 " 127.2 1 0.2099 E 3.6 15.061
1 o |
60 days B j 139.9 y 0.194 '8 ! 1384 | 02002 f 15 |s316
P <0.05° P<0.01" P <0.001""
180 - -
140 Tl conirol animals
- B Nicotine treated animals
120 R
100
80
60 -
46 |
20 |
q
2 7 15 1 60
Age [days]
the molecular

Fig. 21: It shows the relation between the thickness of
'ayer {micron) of the contro! and nicotine treated rats.

58



Assiut Vet Med, J_Voi. 50 No_ 103 October 2004

Table 2: Thickness of the Purkinje cell layer (micron) of control and

nicotine treated rats at different ages

Control animals " Nicotine treated animals
Age ! No. {? Mean S.E. No. . Mean . S.E  Difference t
‘Newborn | - | - ! - - - o
Tdays | 8 12335 02448 | 8 2164 1001269 ' 171 | 69474
| *

15days | 8 2293 {0271 | 8

i
22.35 | 0.1786
|

058 | 1.8000
|

1
|
i
|
1

“ ; i
i { : £33
‘ r I i | ;
Jz1days [ 8 12421 0.323] 8 | 23.62 j;0.1109 055 33816
l j i 3 | I o
| 1 ‘ ; i ’ %
{ 60 days i 8 2601 {02297 8 |25.36 §0.1158 IJ 0.65 2.5268 |
i i 1 1
P<0.05" P<0.01" P<0.001""

g
O control animals
o5 M Nicotine treated animals

]
2¢
2 15
<
c
o
8 10
£ i
= !
5
0 - .
o 7 15 21
Age

Fig. 22: It shows the relation between the thickness of purkinje cell layer

(micron) of the control and nicotine treated rats.
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Table 3: Thickness of the internal granular layer (micron) of control and
nicotine treated rats at different ages

Control animals

| Nicotine treated animals | |
| ‘

| Age [ No. | Mean | S.E. | No. |Mean |SE. Difference | t
i |
Newborn | & | 52.50 | 0.1111 8 | 521 70.0903 0.31 1.7837
?7days 8 | 7328 | 0.0728 Ji § | 7311 . 00983 | 007 13811
‘ g i ¥k ok
|15 days 8 1156 @ 0.0988 | 8 } 94.65 10.0441 | 21.00 194.1
| ! | ! i
| 21 days 8 142.7 | 0.0514 8 i 119.1 ‘0.1710 23.61 132.34
i ' l i\ i g
: i ; 5
60 days |8 146.9 . 0.1614 | 8 \ 136.7 |1 0.1819 10.2 41.738
P<0.05" P<0.01" P<0.001""
160 ; e e i
140 ' control animals '
B Nicotine treated animals
120 ‘ e ....__T_.[
100 | |
g oo ;
[ :
£ 80 l
% ‘
20 .
|
0 :
C 7 15 21 50
' Age

Fig. 23: It shows the reiation between the thickness of the internal
granular layer {micron) of the control and nicotine treated rats.
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Table 4: Number of cells per field (12060 micron®) within the internal
granular layer of control and nicotine treated rats at different

ages
Controf animals Nicotine treated animals
: Age . No. 'Mean ;S.E. No. Mean = S.E  Difference: t
- New bom 8§ 1218 . 033% . 8 . 121.8 | G.Z%506 . 0.000 0
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Fig. 24: It shows the relation between the number of cells per field
(12060 micronz) within the internal granular layer of control

and nicotine treated rats.
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DISCUSSION

Normal postnatal development of the cerebellar cortex:

The present results revealed that the cerebellum of rat was
immature at the time of birth. In the newly born animals, the cerebellar
cortex appeared to be formed of the external granular layer, molecular
layer, purkinje cell layer and the internal granular layer from outside
inwards. The external granular layer was gradually increased in its
width, reached its maximum by the 7™ postnatal day, then began to
decline and completely disappeared by the 21* postnatal day. These
findings were in agreement with the results of Gaber ef al. (1985) in rats
and Komuro er af/. (2001) in mice. In human, Abraham er al (2001)
found that the external granular layer showed the maximal cellular
proliferation rate between the 28" and 34" gestational week. Then :
followed by gradual decrease to be completely disappeared by the 11
postnatal month.

The results of this work demonstrated that the width of the
molecular layer slowly increased at the first postnatal week, followed by
rapid increase till the third postnatal week where it reached the aduit
pattern of development. These results match those of Altman (1972) and
Sidman and Rakic (1982) who attributed the increase in the molecular
layer thickness to the normal process of migration and differentiation of
the granular cells within the external granular layer. The increased width
of molecular layer was also explained by Chez (1991) who reported that
the axons of the granular cells within the internal granular layer and the
migrating cells from the external granular layer played a great role in
this process.

The present results demonstrated that the purkinje cell layer was
multilayered at birth and attained a typical monocellular layer by the 7%
postnatai day. Purkinje cells appeared to be crowded at birth and then
dispersed after the 7 postnatal day to attain its final maturity by the end
of the third postnatal week. These findings were in accordance with the
results of Mohamed (1984) and Chen et ol (1998) in which they
described that the rate of neuronal growth of the purkinje cell soma and
nucleus showed the greatest increase during the first two postnatal weeks
and then followed by gradual increase up to the age of fifth week.
Altman and Winfree (1977) attributed the monoceliular alignment of
purkinje cells to the spread of the transverse components of the (T)
shaped axons of the granular cells that pull the dentrites of purkinje cells
along a craniocaudal dirsction. Smevne ef gi. (1995) reported that the
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rapid proliferation of the cells within the external granular layer could
induce an adequate expansion of the cerebellar cortex with subsequent
cellular dispersion. Goldowitz e af (2000} added that differentiation of
purkinje cells depend on some inductive stimuli exerted by the external
granular cells as they migrated between the rows of purkinje cells.

The ultrastructural features of the development of the purkinje
cells revealed that the nucleus of the neonatal purkinje cell was regular
in shape and had homogeneously dispersed chromatin. This uniform
dispersion of chromatin was obvious in the succeeding ages. The
chromatin dispersion was considered as an early ultrastructural index of
neuronal differentiation (Bertossi ef al,, 1986). The cytoplasm contained
mitochondria, ribosomes and rough endoplasmic reticulum. These
organelles became more abundant in the cytoplasm with the progress in
age. The previous ultrastructural findings were in accordance with the
study of Mohamed (1984) in which he described the developmental
sequences of purkinje cells. He stated that the purkinje cells became
mature at two weeks postnatally.

The present study showed progressive increase in the cellularity
of the internal granular layer till reached its maximum by the age of
sixty days old. In consistent with the present results, Gabr et al. (1985)
reported that the internal granular layer appeared as few scattered cells at
birth, gradually demarcated at 7% _15"™ postnatal day and then increased
in its width and cellularity by the 21* postnatal day. These findings were
explained by the study of Geurts et al. (2001) in which they reported that
the differentiation of granular cells within the internal granular layer and
the functional maturation of these cells depend principally upon the
timed cellular migration from the external granular layer towards the
deep zone.

: Effect of nicotine on the postnatal development of the cerebellar
" cortex

Normal brain development was a potential target for the
perturbation by exposing it to environmental contaminants such as
cigarette smoking during the critical period of development. Dobbing
and Sands (1973) reported that in human, the period of most rapid brain
growth began at the second trimester and reached its peak in the third
trimester. While in the rat, occurred during the first two weeks
postnatally (Dobbing and Sands, 1979).

In this work, nicotine was administered to the pregnant rats
starting from the 14" day of gestation till birth and during the whole
period of lactation (21* postnatal day). The dose of nicotine used in this
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study was 6mg/ kg/ day injected subcutaneously in a single dose. The
choice of nicotine administration by the 14™ prenatal day was to avoid
its interference with the time of implantation and occurrence of
spontaneous abortion (Nabby and Persaud, 1988). Sparks and Pauly
(1999) reported that either continuous subcutaneous or intermittent
subcutaneous injection was considered the most commonly utilized
routes of chronic drug delivery. Furthermore, Murin et al. {1987) stated
that the oral administration of nicotine was not palatable to rats owing to
its nauseating effect and its interference with absorption of some
nutrients. The typical administration of 6mg/ kg/ day in rats simulated
plasma nicotine level that was found in human heavy smokers
(Lichtensteiger ef al., 1988).

In this work, the external granular layer of nicotine-treated rat
demonstrated the presence of various cavities which might indicate -
cellular degeneration. Also, it was observed the persistence of the
external granular layer after the third postnatal week, while in the control
rats it was completcly disappeared at the 21% postnatal day. The
explanation of this event might be due to failure of cellular migration to
their final destination in the molecular and internal granular layers at the
proper time. Haustein (1999) stated that the impaired migration of
granular cells might occur as a result of alteration of glial processes
morphology, interference with cell adhesion molecules and distribution
of trophic factors that were considered as growth promoting factors. All
these mechanisms reflected the neurodevelopmental toxicity of nicotine.

In the present study, it was noticed hypocellularity of the
molecular layer more than that of the control group till the end of the
second postnatal week. At the 21™ postnatal day, it seemed to be
hypercellular as compared with the control rats. The first observation
could be attributed to the decrease in the number of migrating cells
towards the internal granular layer. Whereas, the hypercellularity at the
21% postnatal day might be due to delayed migration of cells as
evidenced by persistence of the external granular layer. These findings
were supported by Miao et al. (1998) who considered that the second
postnatal week was a critical period for the effects of nicotine upon the
cerebellar development. This period was corresponding to the timing of
receptor control of cell replication, differentiation and maturation. The
morphometric findings in this work reveaied a highly significant
reduction in the thickness of the molecular layer in the nicotine treated
rats as compared to the controi rats. This could be attributed to defective
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dentritic arborization of the internal granular cells with subsequent
shortening of their celiular processes that spread through out this layer.

The present research showed delayed differentiation of purkinje
celis in the nicotine-treated rats as compared with the control group. This
was evidenced by reduced staining affinity, variability in their size,
distortion of their shape and alignment in multilaminated layer. One of
the most striking finding was the delayed arrangement of purkinje cells
in a single layer between the molecular and the internal granular layers.
This would be attained by the 15% postnatal day in the nicotine treated
rats while it was established during the first postnatal week in the normal
group. This delay of purkinje cells to reach their final position and attain
monolayered pattern could be atiributed to the delayed proliferation of
the cells of the external granular layer. This resulted in decrease in the
number of granular cells and to a significant decrease in the number of
their axons that spread as “T” shaped pattern within the molecular layer.
These findings were in agreement with Lee ef al. (2001) who reported
that nicotine administration could interfere with the differentiation and
maturation of purkinje cells. The mechanism that mediate this
developmental defect included physicochemical membrane disruption
and gross oxidative damage. Katsetos ef @l (2001) stated that purkinje
cells were vulnerable to hypoxic-ischemic insuits of both prenatal and
postnatal nicotine administrations.

Electron microscopic examination of the nicotine treated
purkinje cells showed multiple invaginations of the nuclear membrane,
reduction in the nuclear size with peripheral chromatin condensation,
damaged mitochondria, swollen rough endoplasmic reticulum and the
presence of many lysosomes as well as several vacuoles in the
cytoplasm. These changes indicated not only delayed cellular

: differentiation but also neuronal degeneration. These observations were

*in accordance with Cormier et al. (2001) who reported that nicotine had
strong affinity to the mitochondria and mitochondrial membranes. Thus
nicotine could exert profound ultrastructural alteration of mitochondria.
It was also supported by the study of Fonnum and Lock (2000) in which
they hypothesized that altered cellular energy metabolism was involved
in the pathogenesis of nicotine neurotoxicity.

The morphometric findings of this study revealed significant
reduction in the thickness of the purkinje cell layer in the nicotine treated
rats at all ages as compared with that of the control. These findings were
confirmed by Chen and Edwards (2002) who stated that prenatal
nicotine exposure deplete purkinje cells number.
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In this work, the internal granular layer in the nicotine-treated
rats at all ages showed the presence of many cavities. These observations
were supported by Kowalska and Marcinkowski {1998) who found that
the granular cells were vulnerable to nicotine administration during all
phases of cellular replication, differentiation, migration and
synaptogenesis. The morphometric findings showed a highly significant
reduction in the mean thickness of the internal granular layer of the
nicotine treated rats as compared with that of the control rats. This effect
was prominent from the 15™ postnatal day onwards. These results were
in accordance with the study of Opanashuk ef al. (2001) in which they
reported that the second postnatal week was the critical period during
which nicotine administration could induce permanent defects. Also, the
morphometric data obtained in this work showed a significant reduction
in the mean number of cells within a defined area in the internal granular
layer in the nicotine-treated rats as compared with the control rats with
exception of sixty days age that showed the reverse. The reduction in the
number of granular cells could be attributed to the delayed migration of
the external granular cells into the internal granular layer and secondary
to the intrauterine growth inhibitory effect of nicotine (Mallard ef ai,
2000). The defective dendritic arborization of the cells in the internal
granular layer might be considered the cause of the apparently increase
in their number in the nicotine treated rats at the age of sixty days as
compared with the control rats. These findings were supported by Ernst
et al. (2001) who observed marked impairment of cellular proliferation
and differentiation secondary to prenatal exposure to nicotine. Trask and
kosofsky (2000) added that the neuronal damage caused by fetal nicotine
exposure is likely to be irreversible.

It was concluded from this work that nicotine could induce
delayed cerebellar development with neuronal damage. So, cigarette
smoking was recommended to be prohibited during pregnancy and
through the period of lactation.
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