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Abstract
Background: Pregabalin (PGB) used as analgesic in treatment of neurogenic pains of chronic diseases, is
considered as one of the most abused anti-epileptic drugs worldwide and it has been proved that it
induces addictive behaviors. The present histopathological study aimed to identify the effect of PGB
administration on cerebral cortex and cerebellar cortex, in both acute and chronic toxicity. Seventy-two
male and non-pregnant female adult albino rats’ 6- to 8-week-old divided into 3 main groups of 24 rats
each were studied. Group 1 represented the control group and group 2 represented the acute toxicity
group, in which rats were given a single dose of PGB (5000 mg/kg) orally by gavage and after 24 hours,
rats were sacri�ced and examined. Group 3 represented the chronic toxicity group; were given PGB 500
mg/kg orally by gavage for 12 weeks, after which rats were sacri�ced and examined.

Result: Cerebral cortex tissue of acute toxicity group displayed astrocytosis and dystrophic changes,
while in chronic group showed degeneration, necrosis and cellular in�ltrates. The cerebellum of chronic
groups showed degeneration and shrunken of Purkinje cells.

Conclusion: Acute and chronic intoxication with pregabalin adversely altered the structure of cerebral
cortex and cerebellum.

Introduction
Anti-epileptic drugs are one of the most abused drugs worldwide, especially pregabalin (PGB) and
gabapentin [1]. PGB is widely used as analgesic in treatment of neurogenic pain in diabetic neuropathy
[2,3]. It is also approved for the treatment of generalized anxiety disorder, post herpetic neuralgia, post-
traumatic stress disorder, seizures, migraine and �bromyalgia [4]. Studies have shown that PGB may also
be effective in the treatment of benzodiazepine dependence and alcohol dependence [5].

PGB is considered an “ideal psychotropic drug” to achieve speci�c effects, including sedation, euphoria,
dissociation, and psychoactive effects [6, 7]. The Poison Information Centre in Munich, Germany reported
that from 2008 to 2015, 263 patients with PGB abuse history were treated with increase in number of
cases per year and PGB was reported to be the 5th most frequently abused substance [8].

Pregabalin is classi�ed as a CNS depressant and its mechanism of toxicity is supposed to be CNS
depression with respiratory failure and cardiac complications [9]. Cases with cerebellar dysfunction
related to PGB intoxication were reported with high or low dose [10,11].  The mechanism for PGB-induced
cerebellar dysfunction remains unclear, however some studies stated that PGB could result in functional
loss of the cerebellum due to decreased excitatory inputs from the brainstem [12].

This study was conducted to �nd out the possible histopathological changes of PGB on cerebrum and
cerebellum in a rat model experimental study.

Materials And Methods
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Drugs and chemicals:
All drugs and chemical purchased were listed in supplementary table 1.

Test animals:
This experimental work was carried out on 72 male and non-pregnant female adult Albino rats 6- to 8-
week-old weighing 100–150 grams. Rats were housed in plastic cages under standard pathogen free
conditions and quite non-stressful special room. Every �ve rats of same sex were placed in each cage, so
that stress of isolation or overcrowding was avoided. The rats are divided into 3 main groups of 24 rats
each: Group I (Control group; n=24): which is further subdivided into subgroup IA (control group for acute
toxicity of Pregabalin; n=12) & IB (ontrol group for chronic toxicity of Pregabalin; n=12). Group II (Acute
toxicity group; n=24) were given a single dose of PGB (5000 mg/kg body weight) orally by gavage. After
24 hours, rats were sacri�ced and subjected to histopathological investigations. Group III (Chronic toxicity
group; n=24) received chronic doses of PGB as following: 500 mg/kg orally gavage (equivalent 1/10
LD50) for 12 weeks [13]. The drug solution was given with a volume of 1-2 ml. using a stomach tube
gavage.

Histopathological evaluation:
The organs were isolated and washed with normal saline; small segments of tissues from the normal and
experimental rats were preserved in 10% formalin solution and dehydrated in ascending grades of
alcohol. The specimens were then embedded in para�n blocks, sectioned into 4-5 µm thick and stained
with hematoxylin and eosin (H&E) staining [14].

Results
Examination of sections of the cerebral cortex (CC) grey and white matter of both control groups showed
normal structures of the layers of CC and its cells. The grey matter was well organized and regularly
arranged in six layers from outside inwards: the outer molecular layer was a �brous layer with few
neuroglia and neurons cells, the granular layers consisted of stellate-shaped nerve cells with large round
nuclei, the inner and outer pyramidal cell layers were formed of medium and large sized cells, respectively,
the innermost layer constitutes the pleomorphic layer and was formed of a variety of nerve cells.
Pyramidal cells were seen with large central vesicular nuclei, containing one or more nucleoli and
basophilic cytoplasm. Granular cells are seen with large rounded vesicular nuclei while glial cells seen as
small dense nuclei. The �brillary eosinophilic background substance constituted the neuropil, with glial
cells and blood vessels within. (Fig. 1A). 

Examination of sections of the cerebellum of both control groups showed normal appearance of
cerebellar folia: each folium formed of outer gray cortex and inner white matter. The cerebellar cortex
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showed three layers from outside inwards; the molecular layer, the Purkinje cell layer and the granular cell
layer. The molecular layer was formed of 2 types of neurons: stellate and basket cells. The Purkinje cells
layer arranged in one row between the granular and molecular layers, showed large �ask shaped cells
with vesicular rounded nuclei with apparent nucleoli and basophilic Nissel's granules in their cytoplasm.
The granular layer consisted of closely packed numerous, oval granular cells with deeply stained rounded
nuclei (Fig. 2A). 

Effect of acute pregabalin toxicity on cerebral cortex
(Fig. 1B) and cerebellum (Fig. 2B)
In acutly intoxicated group II, examination of sections of CC tissue of both male and female groups
showed increase in cellularity and irregular distribution of the astrocytes, with hypertrophy and enlarged
vesicular nuclei cells. Dystrophic changes in the form of red neurons were seen with shrinkage of the cell
body, pyknosis of the nucleus, disappearance of the nucleolus and intense eosinophilia of the cytoplasm.
No pathological changes were seen regarding neuropil, blood vessels and layers of CC.

Examination of sections of crebellar tissue of both male and female groups showed preserved
architecture of cerebellar cortex layers with few shrunken Purkinje cells. The neuropil had few vacuoles of
variable sizes and pericellular haloes. The molecular and granular layers have apparently normal
architecture.

Effect of chronic pregabalin toxicity on cerebral cortex
(Fig. 1C) and cerebellum (Fig. 2C)
In chronic intoxicated group, the CC showed multifocal histological changes in all layers of the CC of both
male and female groups as compared to the control group. Most of pyramidal cells were shrunken and
showed deeply stained nuclei with loss of their processes, and pericellular halos. Many vacuoles of
variable sizes were found in neuropil and inside most of cells in all layers. Small focal area of
in�ammatory in�ltrate and necrosis was seen. The CC showed dilated congested blood vessel
surrounded by in�ammatory in�ltrate, area of intracerebral hemorhage and encapsulated necrosis.

Similarly, cerebellar cortex of both male and female groups showed shrinkage of most of Purkinje cells
with loss of their processes, and pericellular halos. Many vacuoles of variable sizes were seen in neuropil
and inside most of cells in all layers.

Discussion
Pregabalin toxicity has been related to overdose consumption resulting in suicide, recreation and
accidental overdose. Moreover, PGB toxicity may occur after its synergistic depressant effect with other
CNS depressant drugs and following accumulation of PGB in the setting of renal impairment [15–17].
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Accordingly, the present study investigated possible toxic effects of acute and chronic PGB
administration on cerebral cortex and cerebellum of adult albino rats.

The brain histopathological changes in the present study showed signi�cant degenerative changes in
neurons in both cerebral cortex and cerebellum with hypertrophy and hyperplasia of astrocytes with acute
intoxication with PBG. These changes were attributed to the direct effect of PGB on the brain. These
results were similar to previous reports of PGB causing encephalopathy and EEG changes [18–20].

In addition, the present study showed degenerative changes in the cerebellar cortex of all chronic PGB
intoxicated groups, affecting mainly Purkinje cells, which became shrunken with ill-de�ned cytoplasmic
processes and some of them had vacuolated cytoplasm with absence of Nissel's granules. The molecular
and granular layers were also affected, being less in thickness and had multiple vacuolated areas. Such
�ndings agreed with previous reports [21, 22], which reported the chronic effect of administration of
600mg/kg PGB to maternal Swiss albino mice and resulted in degenerative effects on developing
cerebellum of fetus, in the form of disruption of the architecture of the Purkinje cell layer, mild
vacuolization in the granular layer, necrosis and hemorrhage in focal area of white matter.

The cerebellar cortex in chronically treated rats with 500 mg/kg PGB showed degenerative changes of
both Purkinje and granular cells. Purkinje cell became shrunken, disarranged and there was cell loss.
Purkinje cells play a crucial role in motor coordination and alteration in structure or functions of these
cells may cause changes in motor coordination function [23, 24]. There has been some evidence of
cerebellar dysfunction in pregabalin intoxication in the form of nystagmus, in-coordination, myoclonus
and ataxia [25–28].

The vacuolization appeared in brain tissues of rats in the current study could be attributed to cellular
degeneration within the cerebellar and cerebral cortex. In addition, shrunken Purkinje cells were
surrounded by large prominent pericellular spaces that could be related to the shrinkage of neurons and
disintegration of their cyto-skeletal elements [29]. The dark staining of nuclei of degenerated cells could
be due to accumulation of denatured proteins and chromatin condensation in cells undergoing apoptosis
[30].

The cerebellar dysfunction in pregabalin intoxication could be attributed to action of PGB on α2-δ subunit
of VGCC, which are widely distributed throughout the peripheral and central nervous systems. The highest
level of expression of these channels has been found in the cerebellum and in the hippocampus, and their
dysfunction or decreasedactivity level has been linked to ataxia and cognitive impairment [32].
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Figure 1

Representative �gures heamtoxylin and eosin stained sections of cerebral cortex in control, acute and
chronic toxicity groups. (Left sided �gure; 20x & right sided �gure; 40x) A; Control group Section of control
rat cerebral cortex showing normal pia matter (black arrow), grey matter layers; molecular layer (1), outer
granular layer (2), outer pyramidal layer (3), inner granular layer (4), inner pyramidal layer(5) and the
plemorphic layer (6), homogenous neuropil (black star *) and blood vessels (BV). Inset showing
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pyramidal cells (P) and granular cells (G), 100x. B; Acute toxicity group Photomicrographs of sections
from the cerebral cortex of adult albino rats with acutely intoxicated with pregabalin LD50 (II) for 24
hours, showing astrocytes with hypercellularity and irregular distribution, degenerated neurons (D),
homogenous neuropil with slight vacuolation and pericellular halos (arrowheads). In addition, there are
intracellular vacuoles (IV), extracellular vacules (EV), intersitial edema (thick black arrow) and dystrophic
red neurons (R). C; Chronic toxicity group Photomicrographs of sections from the cerebral cortex of adult
albino rats with chronic intoxication with pregabalin LD50 (II) for twelve weeks, showing degenerated
neurons (D), homogenous neuropil with vacuolation (*), intracellular vacuoles (IV), extracellular vacuoles
(EV), interstitial edema and in�ammatory in�ltrate (Thin black Arrow), pericellular halos (Arrowhead),
necrosis (N) and dilated blood vessels (DBV).
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Figure 2

Representative �gures heamtoxylin and eosin stained sections of cerebellum in control, acute and chronic
toxicity groups. (Left sided �gure; 20x & right sided �gure; 40x) A; Control group Section of control rat
cerebellum showing normal folia (F) separated by narrow sulci (S), uniform white matter (W), well-
organized three layers of cerebellar cortex; the molecular layer (MCL), the Purkinje cell layer (PCL) and the
granular layer (GCL). The cerebellar cortex showing stellate (Sc), basket cells (B), large pyriform Purkinje
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cells (P), granular cells (G) and surrounding neuropil (*). B; Acute toxicity group Photomicrographs of
sections from the cerebellum of adult albino rats with acutely intoxicated with pregabalin LD50 (II) for 24
hours, showing preserved architecture of cerebellar cortex layers; the molecular layer (MCL), the Purkinje
cell layer (PCL) and the granular layer (GCL) with surrounding neuropil (*). Some Purkinje cells (PN) are
distorted and shrunken with vacuoles (V). (Incet, 100x) C; Chronic toxicity group Photomicrographs of
sections from the cerebellum of adult albino rats with chronic intoxication with pregabalin LD50 (II) for
twelve weeks, showing degenerated Purkinje cells (PN), vacuoles (V) and pericellular halos (thick black
arrows), with interstitial edema (thin black arrows).
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