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ABSTRACT 

The actions of nicotine upon cerebellar function are poorly understood. Small doses of nicotine have a stimulating action on the 
central nervous system whereas large doses depress. 16 adult male albino rats of wistar strain weighing 135-150 grams were used 
for the present study. The rats were divided in to four groups each consists of 4 animals. The control group was given 0.9% saline as 
vehicle and the experimental groups (drug treated- II, III, IV) were given intraperitoneal injection of Nicotine a dose of 0.5 mg/kg, 
0.75 mg/kg and 1mg/kg body weight dissolved 1:1 ratio in normal saline respectively for a period of 28 days. Cortical layers were 
intact in the entire drug treated group. White matter with few vacuoles was observed in 0.5 mg/kg Nicotine induced group. 
Disruption of Purkinje cell layer and granular cells was observed in 0.75 mg/kg induced group. Dose of 1mg/kg nicotine induced 
group animals shown complete disruption of Purkinje cell layer, cellular disruption in granular cell layer. Extended core of white 
matter into the folia of the cerebellum cellular microcystic change with interstitial oedema was observed in the same group. The loss 
of white core, Purkinje cell layer, and granular layer cellular disruption give better knowledge in understanding long term nicotine 
exposure. Our study reveals the histopathological changes of nicotine on long term administration in adolescent rat cerebellum with 
their clinical significance. 
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INTRODUCTION 

ecent studies on neurophysicochemical aspects 
also suggested that the cerebellum also could 
participate in excitotoxicity. Dysfunction of the 

cerebellum causes problems such as loss of balance and 
motor coordination, ataxia, dystonia through several 
genetic mutations and alterations in the biochemical 
pathways of neuroprotection; however, a large number 
of patients remain undiagnosed.1 Many researchers have 
studied the effect of nicotine on cerebellum and found 
significant deficits.2 Nicotinic receptor binding sites and 
subunits are expressed in rat cerebellum from embryonic 
stage through adult hood, with the highest expression 
levels seen during the development of the cerebellar 
cortex.2,3 Nicotine acts as neurodegenerative agent on 
higher doses, recent studies stating that nicotine can use 
as protective agent due to its positive effects in the same 
area but still its action of mechanism unknown. 

MATERIALS AND METHODS 

A total of 16 adult male albino rats of wistar strain 
weighing 135-150 grams were used for the present study. 
The animals were maintained under controlled conditions 
and in room temperature (23+2° C), humidity (50+5%) 
and a 12 h light and dark cycle. The animals were housed 
in sanitized polypropylene cages. The animals were fed 
with standard rat pellet diet commercially available 
manufactured by Kamathenu Pvt Ltd., Bangalore and 

clean drinking water ad libitum. The rats were divided in 
to four groups each consists of 4 animals. 

The control group was given 0.9% saline as vehicle and 
the experimental groups (drug treated-II,III,IV) were given 
an intra peritoneal injection dose of 0.5 mg/kg, 0.75 mg 
/kg, 1mg/kg body weight Nicotine dissolved in normal 
saline (0.9% Nacl) respectively for a period of 28 days. 

All the animals were sacrificed after a 12 hrs of fasting 
from the last day of experimental study and preserved in 
the 10% formalin for 48 hours. 

The specimens were processed for routine paraffin 
technique to study the histopathological changes in 
cerebellum on administration of nicotine. 

All the animals were maintained as per the national 
guidelines and protocols approved by Institutional animal 
ethical committee of Sugen Life sciences 
(SLS/COM/IAEC/02/2013-2014). 

RESULTS 

Molecular layer with basket and stellate cells, single 
Purkinjee cell layer lies between the molecular and 
granular cell layer was observed in control group. We 
have observed Column of nerve fibers in the white matter 
of cerebellum. Granular cell layer with granule cells (pink 
stained) glomeruli (light stained) were also observed in 
control group (Figure - 1). 
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Figure 1: Cortical layers of cerebellum and white matter 
in the control group (10X) 

In 0.5 mg /kg nicotine treated Group (II); there was 
vacuoles in the white matter and all the layers of cortex 
were observed (Figure - 2).  

 
Figure 2: Vacuoles in the white matter was observed in 
animals treated with 0.5mg/kg Nicotine (40X) 

Disruption of purkinje cells layer and granular cells was 
observed in 0.75 mg/kg nicotine treated group (III). We 
were also observed few purkinje cells in the same group 
(Figure-3). 

 
Figure 3: Disruption of purkinje cells layer and granular 
cells was observed in animals treated with 0.75mg/kg 
Nicotine (10X) [circle-purkinje cells] 

Vacuoles in the white matter and disruption of cells in the 
granular layer under high magnification were observed 
(Figure-4). 

 
Figure 4: Vacuoles in the white matter and disruption of 
cells in the granular layer in animals treated with 
0.75mg/kg Nicotine (40X) 

In 1mg /kg nicotine treated group (IV), there was 
complete disruption of Purkinje cell layer along with a 
loss of Purkinje cell layer (very few cells only present) and 
also cellular disruptions in granular cells were observed 
(Figure-5). 

 
Figure 5: Complete disruption of Purkinje cell layer, loss 
of Purkinje cell layer (very few cells only present) and also 
cellular disruption in granular cells in animals treated with 
1mg/kg Nicotine (10X) [circle-purkinje cells] 

Under high magnification we have observed the extended 
core of white matter into the folia of the cerebellum, 
cellular microcystic change with interstitial oedema of 
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white matter and significant loss of Purkinje cells with 
disruption of cellular layers were observed (Figure - 6). 

 
Figure 6: Extended core of white matter into the folia of 
the cerebellum with cellular microcystic change with 
interstitial oedema in animals treated with 1mg/kg 
Nicotine (40X) [circle - purkinje cells] 

DISCUSSION 

The interaction of nicotine and the Alpha subunits of 
nicotine Ach receptor in white core may subsequently 
trigger apoptotic process that leads to loss of white 
matter. In our study there was a loss of white core of 
cerebellum on long term administration of nicotine.4,5 
Adolescent nicotine exposure has deleterious effects on 
cell development particularly in Purkinje cell layer in 
cerebellum of albino rats characterized by reduced 
number of Purkinje cell number.6 Exposure to nicotine 
during the brain growth spurt period in rats has been 
associated with significant reduction of the Purkinje cell 
numbers in the cerebellar vermis.6,7 Belluzzi and co-
workers reported that the brain in early adolescent, late 
adolescent and adult rats is differentially sensitive to the 
nicotine administration. The adolescent or adult brain 
could be more sensitive to acute and also to chronic 
administration of nicotine.8,9 Neuro-pathologically, 
reduction in Purkinje cell numbers in cerebellar vermis 
and hemispheres have been reported in nearly all 
mentally retarded autistic cases.10,11 The loss of Purkinje 
cells combined with loss of granule cells and white matter 
of cerebellum in two mentally retarded cases suggested 
that cerebellar hyperplasia.12 On higher doses of nicotine 
for long term administration we have found Purkinje cell 
layer and granular cells disruption and loss which were in 
agreement with previous literatures.13 One-dose 
application had no significant effect, but the chronic 
treatment was accompanied with a reduction in 
locomotor activity in adult rats.14 

Administration of nicotine specifically inhibits cerebellar 
Purkinje cells which could result in the reduction of 
Purkinje cells, and consequently, the middle Purkinje cell 
layer of the cerebellum. 

The results and observations of our study were in 
agreement with literature.15 

CONCLUSION 

The loss of white core, Purkinje cell layer, and granular 
layer cellular disruption give better knowledge in 
understanding long term nicotine exposure in animal 
models. 
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