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Abstract

Lamivudine is an anti-retroviral drug used for the treatment of HIV and hepatitis B. It is one of the essential medicines needed in a basic health system. This study
was carried out to investigate the detrimental effect of lamivudine on the cerebellum based on the adverse effects of gait disorders manifested by patients using
lamivudine. Twenty male Wistar rats divided into two groups of ten rats each were used for the study. Control group A was administered with 1ml of distilled water,
while treatment group B was treated with 4.28mg/kg of lamivudine daily for 30 days. On the 30" day, the rats were euthanized and each cerebellum was harvested
immediately. The cerebella were put through routine tissue processing for H/E staining and GFAP immunohistochemical method. The resulting specimens were
mounted with DPX and viewed under the light microscope at x400. Photomicrographs showed shrunken Purkinje cells and distorted granular layer in the cerebellum
of group B rats while those of group A rats were healthy. Also, image ] counting showed reduced number of cells in the lamivudine group. This correlated with the
higher staining intensity for GFAP in the granular layer of group B rats suggesting cellular inflammation and damage. More research is needed to ascertain the

molecular mechanism of these distortions.

Introduction

Lamivudine (also called 3TC) is a reverse transcriptase inhibitor
(nRTTI) that inhibits both types (1 and 2) of HIVreverse transcriptase
and the reverse transcriptase of hepatitis B virus [1]. It is a cytidine
analogue that is phosphorylated to active metabolites within the cell. In
its active form, lamivudine competes for incorporation into viral DNA
and act as chain terminator in viral DNA synthesis [2]. According to
WHO, it is one of the essential medicines in a basic health system [3].

Lamivudine is administered orally and has high absorption rate
with bio-availability of about 86% [4]. It is often administered in
combination with other drugs and has been found to restore sensitivity
of other drugs to previously resistant HIV [2]. In adition, many
combined antiretroviral therapies (cART) containing lamivudine have
been reported to be effective in reducing cerebrospinal fluid (CSF)
viral load [5]. Treatment of hepatitis B patients shows that lamivudine
enhances the seroconversion of e-antigen positive hepatitis B and also
improves histological reversal of liver fibrosis [6]. It has also been
reported to be used successfully in some Ebola patients during the 2014
Ebola outbreak in Africa [7]. However, long- term use of lamivudine
leads to emergence of a resistant hepatitis B virus (YMDD) mutant
and HIV-1 patients with concurrent HBV infections have been found
to develop resistant to lamivudine [1,8]. In HIV treatment, M184V/I
mutation in the reverse transcriptase is linked to high level resistance
to lamivudine with slight rebound of the HIV viral load which surges
when Lamivudine is completely withdrawn [9].

The effectiveness of lamivudine in suppressing the overall viral load
in the system can be attributed to its ability to cross the blood-brain
barrier [10]. Access to the CNS allows it to suppress viral replication,
mutation and reinfection of the systemic circulation [11,12]. However,
like most other HAARTS, the use of Lamivudine has been reported to
present several neurological side effects including: headache, dizziness,
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depression, neuropathy, hypnagogic effects, peripheral paresthesia,
hypoesthesia, and peripheral neuropathy [4]. According to a case
report by Li et al. long-term use of lamivudine by three patients induced
symptoms of Parkinson’s disease with mask like facies; hypokinesia
with reduced automatic movement and shuffling gait [13]. The report
added that these side effects improved considerably when lamivudine
was withdrawn. Furthermore, MRI of brain of patients under cART
with lamivudine, tenofovir and abacavir shows cerebellar lesions
which were not found with other cART lacking lamivudine [14]. These
findings suggest a destructive effect of lamivudine to cerebellum. In
addition, the elevated levels of lactic acidosis found in patients under
lamivudine treatment may lead to cerebellar degeneration as lactic
acidosis have been linked to ataxia and slurred speech which are all
coordinated by the cerebellum [15,16]. Moreover, Stelmashuk, et al.
had reported that high acid concentrations induced death of cerebellar
granule cells in culture [17].

Due to dearth of literature, this study was done to investigate the
histomorphological effect of lamivudine on the cerebellum of Wistar
rats.

Methodology

Twenty male wistar rats were used for the study. The animals
were obtained from the animal house of the College of Health
Sciences, University of Uyo. They were divided into 2 groups of
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10 rats each. Group A served as the control and were administered
with 1 ml of distill water, while group B were treated with 4.28 mg/
kg of Lamivudine daily for 30 days. The rats were handled carefully
according to the guidelines for the treatment of laboratory rats by
National Centre for the Replacement, Refinement, and Reduction of
animals in research (NC3Rs). On the 30th day, the rats were euthanized
and each cerebellum was harvested immediately.

Animal sacrifice and tissue processing

Animals were sacrificed using chloroform inhalation and the brain
was dissected and the cerebellum was removed. The cerebellum was
then dehydrated through graded alcohol. This was to remove excess
water inherent in tissues as follows; two changes of 70% and 95%
alcohol for 2 hours each, 2 changes of 100% (absolute) alcohol for
two hours each. Dehydrated tissues were cleared using 2 changes of
xylene (5 minutes each). This was followed by impregnation through 2
changes of paraffin wax in the oven at the temperature of 60°C for one
hour thirty minutes (1 hr 30 mins) each to enable embedding. Tissues
were transferred to moulds filled with molten paraffin wax. Once the
paraffin wax cooled and hardened, the mould was removed, exposing
a small paraffin block containing the sample tissue.The paraffin blocks
were sectioned at ten micro metres (10 um) after cooling the surface of
the tissues on ice.

Haematoxylin and Eosin

Tissue sections were taken to water by deparaffinising in 2 changes
of xylene for 2 minutes each, followed by dehydration in 100% alcohol,
95% alcohol, 70% alcohol twice for 5 minutes each and finally rinsed
in tap water. Sections were stained with haematoxylin for 10 minutes,
washed briefly in tap water, differentiated in acid alcohol, washed well
in running tap water till blued. The blued sections were counterstained
in eosin solution for 1 minute. Tissues were air dried and mounted
in di-polycysteine xylene (DPX), covered with coverslips and observed
under digital photomicrographic microscope.

Immunohistochemical staining techniques

Sections were deparaffinised using 2 changes of xylene (5 minutes
each), followed by dehydration where sections were rinsed twice in
100% alcohol, 95% alcohol, 70% alcohol, 40% alcohol for 5 minutes
each and finally rinsed in tap water. Antigen retrieval was performed
using citric acid solution (pH 6.0) in a microwave at power 100 W for
15 minutes, thereafter sections were equilibrated by gently displacing
hot citric acid with water for 3 minutes. Peroxidase in the tissues was
blocked using peroxidase block for 15 minutes. Sections were washed
for 2 minutes using phosphate buffered saline (PBS) mixed with tween
20. Protein was blocked using Novocastra protein block for 15 minutes
and sections washed in PBS for 2 minutes. Sections were incubated
with primary anti GFAP for GFAP immunohistochemical studies, 1
in 100 dilutions for 45 minutes each, and sections washed with PBS
for 3 minutes. Secondary antibody was added for 15 minutes and
section washed twice with PBS. Polymer was added for 15 minutes
and sections washed twice with PBS. Diaminobenzedine (DAB) was
added for 5 minutes; sections washed with tap water, counterstained in
haematoxylin for 2 minutes, washed, dehydrated, cleared and mounted
on DPX.

Cell count

Five power fields snapped from cerebellum of animals in each
group were counted using image J software. The results obtained were
then analyzed using T-test. Values < 0.05 were taken as significant.
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Results
Effect of lamivudine on weight of the rats

There were no significant weight differences between the rats in the
treatment and control group Table 1.

Histological results

The photomicrograph of the slides obtained from each group
is shown in Figures 1 and 2 for H&E and Figures 3 and 4 for GFAP
immunohistochemical method. H/E staining showed perturbations in
the cerebellum of the group B rats (Figure 2) with shrunken purkinje
cells and distorted molecular layer. In general, the cells of the group B
(Figure 2) rats were smaller compared to group A (Figure 1). GFAP
Immunohistochemical staining also showed high expression of GFAP
in the cerebellum of group B (Figure 4) rats compared to group A
(Figure 3) rats.

Cell count

The result of cell count showed a significant reduction in cells in the

Table 1. Effect of lamivudine on weight differences of the rats.

Groups Mean = SD of weight differences
Control 20.00 +3.96
Lamivudine 17.00 +3.61

Figure 1. Photomicrograph of the histology of the cerebellum of the Control group (A)
showing the three cerebellar cortical layers; molecular layer (ML), granular layer (GL),
and the single-line Purkinje cells (arrow). Within the molecular layer the basket and stellate
neuronal cells are well shown. No apparent abnormality is seen. H & E x400.

Figure 2. Photomicrograph of the histology of the cerebellum of group B (treated with
4.28mg/kg of lamivudine) showing the three cerebellar cortical areas; a molecular layer
(ML), a distorted granular layer (GL), with shrunken Purkinje cells (arrow). The Purkinje
cells and granular cells appear smaller. H & E, x400.
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Figure 3. Photomicrograph of the histology of the cerebellum of the Control group (A)
showing normal staining in GFAP immunohistochemistry, x 200.

4.28mg/kg of lamivudine) showing increased staining in GFAP immunohistochemistry, x
200.

groups treated with lamivudine when compared with controls at 0.05
level of significant (Figure 5).

Discussion

The cerebellum is basically known for its coordination of somatic
motor function, muscle tone, balance and equilibrium. However,
elaborate investigation into the cerebellum has shown that it also plays
a role in nonmotor activities of the brain such as cognition, emotions,
behavior, and memory processes through its connections with other
areas of the brain [18,19]. Cerebellar lesions have been known to be
involved in pathological laughter and crying resulting from impaired
emotional expression [20]. According to Ferrucci, et al. the cerebellum
is involved in processing facial expression of negative emotions [21].
Therefore, injury to the cerebellum may result in abnormalities in
control of voluntary movements and decrease in living standard of
people living with HIV.

Findings from this study have shown that lamivudine had no
effects on the weights of the rats (Table 1), but had a degenerative effect
on the cells of the cerebellum as shown in figures 2&4 of group B rats
compared to figures 1&3 of group A rats and cell count in Figure 5. Our
findings corroborated with findings of Ferretti et al. which reported
that cerebellar lesions occurred in MRI of patients under lamivudine
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Figure 5. Cell count differences between control and Lamivudine treated groups.

containing combined anti-retroviral therapy [14]. High expression
of GFAP by astrocytes and shrinkage of cells found in the molecular
layer suggest cellular inflammation and loss of neuronal fibers. This
may render the cerebellar connections ineffective and impair the
modulatory function of the cerebellum on other brain centers [22].
This effect may be expressed as depression and dizziness which have
been reported as side effects from lamivudine use. This possibility
corresponds with the report by Tuner, et al. that cerebellar lesions are
associated with reduced pleasant experience in stroke patients [22].

Given that lactic acidosis is a common side effect from lamivudine
use, and Stelmashuk, et al. had reported that high concentrations of
acid is toxic to granular cells of the cerebellum, it is possible that the
damaging effect of lamivudine on the cerebellum could be secondary
to a concomitant surge in lactic acidosis in the cerebellar environment
during lamivudine therapy [17].

Conclusion

The effect of lamivudine on the histology of the cerebellum
of Wistar rats was investigated in this study. H&E and GFAP
immunohistochemical staining showed that lamivudine induces
cerebellar degeneration which may underlie some of the side effects
(especially dizziness and depression) seen with the use of lamivudine.
However, cerebellar degeneration maybe secondary to inducement of
lactic acidosis by lamivudine. More research is needed to ascertain this,
and also to understand the molecular mechanism of this degeneration.
It is recommended that lamivudine be taken with neuro-protective
drugs to ameliorate this effect.
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