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Abstract

Background: Pregabalin is an anti-epileptic drug that was
approved as neuropathic pain therapy. Incidence of adverse
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nohaesmaiel@aun.edu.eq

saline via gastric gavage daily for 8 weeks. 600 mg/kg body
weight/day (a dose equivalent to 6 times the therapeutic dose
and 1/10™ the maximum non-lethal dose) of Pregabalin was given to group 111 for 8 weeks.
At the end of the study, rats were sacrificed. Kidney, lung heart and ovary specimens were
taken for histopathological examination using Hematoxylin-eosin and Masson trichrome
stain to demonstrate fibrosis. Results: The body weight of rats showed non significant
difference between the 3 groups. Also weights of ovaries, kidneys, hearts, and lungs the
3 groups showed non significant difference. Ovarian tissue of female rats treated with
pregabalin showed decreased number of follicles and increased stromal fibrosis.
Interstitial fibrosis of kidney sections was also demonstrated. Heart sections of treated rats
showed fibrosis between muscle fibers. Also, lung section showed patchy areas of dense
fibrosis and inflammation.

Conclusion: The present study demonstrated ovarian, renal, pulmonary, and myocardial
fibrosis in female rats after 8 weeks of daily oral administration of pregabalin. This raises
a concern about the potential ability of pregabalin to induce fibrosis and the relationship
between pregabalin induced fibrosis and organ failure.

Recommendations: Clinicians should assess the benefit-risk balance in patients before
prescribing pregabalin; the patients should be screened for fibrosis before treatment and
at regular intervals thereafter.
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I.INTRODUCTION

Pregabalin is a gabapentinoid
antiepileptic approved by the Food
and Drug Administration (FDA) and
the European Medicines Agency
(EMA) for treatment of neuropathic
pain, which is a burdensome pain to
treat. Pregabalin is also used for
fibromyalgia and unapproved use for
generalized anxiety disorders and
migraine (Sendra et al., 2011, Toth,
2014 and Canos et al., 2016).

Pregabalin is an analogue of the
neurotransmitter y-aminobutyric acid
(Tambon et al., 2021). The exact
mechanism of pregabalin’s action is
still unclear. However, the presumed
mechanism of its analgesic action is
thought to be wvia reduction in
neurotransmitters’ release. The main
binding target for pregabalin is a2 -6
(type 1) receptor. Binding of
pregabalin to the a2 -6 subunit of
voltage- gated calcium channels
results in alteration in the kinetics and
voltage dependence of calcium
currents (Gajraj, 2007 & Nanou and
Catteral.,, 2018). These alterations
reduce calcium influx at nerve
terminals, reduces the release of many
neurotransmitters, including
glutamate, noradrenaline, calcitonin,
gene-related peptide, and substance P
(Dooley et al., 2000).
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Incidence of adverse reactions
with pregabalin were reported to be
related to dosage, with more
occurrence in patients receiving 600
mg/day (Freeman et al., 2008).
Retroperitoneal fibrosis,
myelofibrosis and lung fibrosis were
observed among the rare adverse
reactions of pregabalin use during the
clinical studies (Chen et al., 2011).
Generally, fibrosis might be detected
in various organs, including heart,
liver, lung, and kidney. Fibrosis is
characterized by excessive
proliferation of fibroblasts and
deposition of extracellular matrix.
Advanced fibrosis can lead to decline
of organs’ functions or even failure
(Zhou et al., 2017). The exact
mechanism of fibrosis caused by
pregabalin is not reported in research.
Furthermore, there is no sufficient
data regarding the possibility of
pregabalin as being a potential inducer
of fibrosis in other tissues.

The aim of this research was to
observe histopathological changes and
fibrosis in ovaries, kidneys, heart and
lungs of females rats after sub chronic
oral administration of pregabalin

MATERIAL and METHODS:
Drugs and chemicals
Pregabalin (Lyrica 600 mg capsules)
was purchased from Pfizer, Egypt
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Animals

Thirty adult female albino rats aged
three weeks old were used (200-230
gm weight). The animals were
obtained from animal house in the
Faculty of Medicine,  Assiut
University, Egypt, they were
permitted to accommodate 2 weeks
then housed in special cages and
maintained in regular laboratory
conditions {Temperature (22-26°C),
humidity (50-60%), artificial
illumination (12h light/dark cycles),
well-ventilated, and  free  of
contamination, and fed a standard
balanced diet & water ad libitum}.
Rats were randomized into 3 groups
(10 rats for each group);

e Group | (negative control group):
received nothing.

e Group Il (positive control): received
0.5 ml saline via gastric gavage daily
for 8 weeks.

e Group IIl (pregabalin treated
group): received 600 mg/kg of
pregabalin, a dose equivalent to 6
times the therapeutic dose and 1/10th
the maximum non-lethal dose.
Pregabalin was dissolved in 0.5ml
saline and given via gastric gavage
daily for 8 weeks.

Methods
Weights of animals were
recorded during and at the end of the
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study. At the end of the study, all
rats were anaesthetized with 50 mg/kg
intraperitoneal thiopental and
sacrificed (Gargiulo et al., 2012).
Ovaries, kidneys, heart and lungs
specimens  were collected for
examination after weighing of organs.
All histological procedures were
carried out using standard laboratory
approaches. The tissues were fixed in
10% paraformaldehyde solution,
embedded in paraffin blocks, and cut
into 5 mm thick slices that were
subsequently mounted onto glass
slides.  Hematoxylin-eosin  (HE)
staining was done. Masson trichrome
stain was used to demonstrate fibrosis.
All slices were inspected carefully,
and photographs were taken using an
optical microscope (Olympus BX50,
Moticam 2306, Japan).

Statistical analysis

Data were expressed as means +
SD. One-way ANNOVA was used to
assess the statistical significance of
differences between the experimental
groups. A p-value less than 0.05 was
regarded to be statistically significant.
All statistical analysis was performed
using SPSS 26.0.

Ethical considerations:

The research experiment was
conducted after ethical approval as
stated by the Guidelines of the
National Institute of Health for
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Animal Care followed within the
Faculty of Medicine, according to
referenced authority (ILAR, 2011).
I1l. RESULTS

Results of Body weight and organs
weights: The results of the present
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study revealed that body weight of rats
showed non-significant difference
between the 3 groups. Also weights of
ovaries, kidneys, hearts, and lungs of
the 3 groups showed non-significant
difference Table (1).

Table (1): Statistical comparison of body and organs’ weights of the control groups and
pregabalin treated group by ANOVA one-way Test

Body weight Ovary Kidney Heart Lung
Group (1) 215.78+10.18 33.86+1.8 1.6+0.8 1.58+0.55 2.02+.127
Group (11) 216+11.8 32.74+2.78 1.63+.08 1.56+.073 2.05+.823
Group (I11)  218.2+5.76 32.68+1.71 1.55+.76 1.55+.53 1.98.£.70
Significance  0.824 0.4 0.110 0.576 0.568

Data are expressed as Meant SEM of 10 rats per group. Data were analyzed by one-way AOVA

followed by Bonferoni post hoc test.

Histopathological results:
Histopathological examination of rats’
tissues from group (1) and group (1)
showed normal results and group (1) is
referred as the control group.

a- Hematoxylin and Eosin:

Histopathological examination of
ovarian tissue sections from the
ovaries of normal control rats revealed
numerous follicles and normal ovarian
stroma with  well-defined zona
granulosa surrounding the oocytes.
Ovarian tissue sections of rats treated
with pregabalin showed decreased
number of follicles and nearly all of
them were atretic (Figure 1). Sections
of kidney of normal control rats
demonstrated normal glomeruli and
tubules. While sections from kidney of
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rats treated by pregabalin showed
dilatation of renal tubules with casts
inside them (Figure 2).

Section from heart of normal
control rat demonstrated normal muscle
bundles without intervening fibrosis.
Also, sections from heart of treated rat
stained showed no obvious histological
fibrosis (Figure 3).

Section from lung of normal
control rat demonstrated normal
alveoli and bronchiole, While
Sections from lung of rats treated with
pregabalin showed interstitial
pneumonia; patchy distribution of
areas expressing dense fibrosis and
inflammation. The inflammation
affecting the lung parenchyma showed
mixed acute and chronic criteria
together with fibrosis. Cysts lined by
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respiratory  epithelium  containing
proteinaceous material were also
demonstrated together with fibrosis
affecting the lung parenchyma (Figure
4).

b- Masson trichrome stain

Masson  trichome  stained
section of ovary of normal control rat
with normal ovarian stroma. While
Masson trichrome stained sections of
ovaries of pregabalin treated rats
showed increased fibrosis in ovarian
stroma (Figure 1). Sections of kidney
of normal control rats stained by
Masson trichrome stain revealed no
interstitial fibrosis while Masson
trichrome stained section from kidney
of treated rat showed interstitial
fibrosis (Figure 2).

Section from heart of normal
control rats revealed normal muscle
bundles without intervening fibrosis,
while section from heart of treated rats
stained by Masson trichrome stain
showed fibrosis between muscle fibers
(Figure 3). Section of lung of normal
control rat stained by Masson
trichrome stain demonstrated no
interstitial fibrosis while: Masson
trichrome stained section from lung of
treated rat showed interstitial fibrosis
demonstrated (Figure 4).
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Figure (1): A: Section from the ovary of control rat stained by H&E stain revealed numerous follicles
(blue asterisks) and normal ovarian stroma (40x). B: Sections from ovary of rat treated by pregabalin
stained by H&E stain showing decreased number of follicles and nearly all of them are atretic (40x).
C: Masson trichome stained section of ovary of control rat with normal ovarian stroma. (100x) D:
Masson trichrome stained section of pregabalin treated rat showing increased fibrosis in ovarian

stroma demonstrated by blue color (100x).
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Figure (2): A: Sections of kidney of control rats stained by H&E stain showing normal glomeruli
(red arrow) and tubules (black arrowhead) (100x). B: Section from kidney of rat treated by
pregabalin stained by H&E stain showing dilatation of renal tubules with casts inside them (green
arrowhead) (100x). C: Section of kidney of control rats stained by Masson trichrome stain showing
no interstitial fibrosis in normal kidney (no blue staining) (200x). D: Masson trichrome stained
section from kidney of treated rats showing interstitial fibrosis demonstrated as blue color (yellow
asterisks) (200x).
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Figure (3): A: Section from heart of control rat stained by H&E stain showing normal muscle bundles
without intervening fibrosis (40x). B: Section from heart of treated rat stained by H&E stain with no
obvious histological fibrosis (100x). C: Section from heart of control rat stained by Masson
trichrome stain showing without fibrosis (no blue staining) (400x). D: Section from heart of treated
rat stained by Masson trichrome stain showing fibrosis between muscle fibers (blue staining) (400x).
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Figure (4): A: Section from lung of control rat stained by H&E stain showing normal alveoli (yellow
arrowhead) and bronchiole (black arrow) (100x). B: Section from lung of rat treated by pregabalin
stained by H&E stain showing interstitial pneumonia; patchy distribution; areas expressing dense
fibrosis and inflammation (red arrowhead), cysts lined by respiratory epithelium (blue arrow) and
honeycomb change (green asterisks) (100x). C: Section of lung of control rat stained by Masson
trichrome stain showing no interstitial fibrosis (no blue staining) (200x). D: Masson trichrome
stained section from lung of treated rat showing interstitial fibrosis demonstrated as blue color
(yellow arrow) (200x).
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IV.DISCUSSION

Pregabalin is a widely used drug for
treating neuropathic pain (Verma et al.,
2014). Pregabalin has common adverse
effects such as dizziness, somnolence,
blurry vision, dry mouth and peripheral
edema (Toth, 2014). However, fibrosis is
reported as a rare side effect (Chen et al.,
2011). In rats; repeated dose toxicity
studies reported adverse effects on male
reproductive organs in the form of
oligospermia,  epididymis interstitial
fibrosis, and prostatic atrophy (EMA
2004). There are a few reports addressing a
potential relationship between pregabalin
induced fibrosis and organ failure. The
clinical effects of fibrosis often appear after
a long duration, Thus diagnosis of organ
fibrosis may come too late after damage of
organs (Wynn, 2008).

In the present study; ovarian tissue of
female rats treated with pregabalin for 8
weeks showed decreased number of
follicles and increased stromal fibrosis.
Tawfeeq et al. (2016) reported that daily
oral ingestion of 150 mg and 300 mg/kg of
pregabalin causes unfavorable effects on
the ovarian tissues and the fertility of
female rats. Diffuse ovarian fibrosis
represents a considerable risk  for
diminished fertility (Zhou et al., 2017).

The present results also
demonstrated interstitial fibrosis of kidney
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sections of rats treated by pregabalin.
Furthermore, dilatation of renal tubules
with casts inside them was observed. There
are no previous animal studies available
reporting renal fibrosis after administration
of pregabalin. However, cases of
pregabalin  induced neurotoxicity in
chronic kidney disease patients were
reported (Lee et al., 2011). Fibrosis can
destroy the renal parenchymal tissue
leading to progressive decline of kidney
function and eventually failure. It was
reported that tubulointerstitial fibrosis is an
essential feature of chronic renal failure
(Yu et al., 2010 and Wang et al., 2021).
Drugs and metabolites might accumulate in
subjects having chronic renal impairment
with  reduced glomerular functions.
Pregabalin is not metabolized in liver and
is mainly excreted unchanged in the urine
by kidneys (Bockbrader et al., 2012). The
manufacturers of pregabalin forms list
dosing recommendations relative to
creatinine clearance for the medications
(Raouf et al., 2017).

Heart sections of treated rats in the
current study showed fibrosis between
muscle fibers. In a few treated monkeys
from the 4-week pivotal study, focal
myocardial necrosis or fibrosis were
observed at 3-4 times human dose (EMA,
2004). Furthermore, Acute decompensated
heart failure and acute kidney injury were
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reported in an elderly woman with a history
of heart failure (class I) who was taking
pregabalin presented and discontinuation
of pregabalin together with supportive
treatment, patient’s symptoms improved
rapidly (Lyu et al., 2017). However, A
cohort study demonstrated no association
between the use of pregabalin and
increased risk of exacerbating heart
condition, compared with gabapentin and
duloxetine (Lund et al., 2020). Cardiac
fibrosis is a major causes of heart failure.
There are two types of myocardial fibrosis:
replacement fibrosis as a result of myocyte
necrosis after myocardial infarction. Other
conditions associated with replacement
fibrosis include hypertrophic
cardiomyopathy, myocarditis, and toxic
cardiomyopathies. The second type is
interstitial fibrosis which might be reactive
or infiltrative interstitial  fibrosis.
Myofibroblasts are the most prominent
cells involved in myocardial fibrosis. The
precursor cells of Myofibroblasts are
activated by different causes such as
myocardial injuries, including toxic insult
(Ambale-Venkatesh and Lima, 2015 & Liu
etal., 2017).

Sections from lung of rats treated
with pregabalin in the present study,
showed patchy areas of dense fibrosis and
inflammation. Lung fibrosis is listed as a
rare side effect of pregabalin use. Lung
fibrosis is  characterized by the
accumulation of excessive connective
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tissue. Its causes include chronic
administration of some drugs, exposure to
certain  environmental factors and
infections (Daba et al., 2004).

The mechanism of drug induced
fibrosis is not fully understood. However,
pregabalin was reported to increase blood
concentration of serotonin in therapeutic
dose ranges (Jellestad et al., 2016)
Serotonin (5-hydroxytryptamine or 5-HT)
is a part of many biological processes
including wound healing in skin and organs
such as liver, lung and heart. yet, in case of
chronic injury, signaling of 5-HT can have
unfortunate consequences and stimulate
deviant wound healing resulting in tissue
fibrosis and impaired organ regeneration
(Mann and Oakley, 2013). 5-HT aggravate
pulmonary fibrosis by stimulation of
inflammation, exudation, oxidative stress,
and overexpression of fibrosis-associated
genes in the lung tissues (Zhang et al.,
2018). Furthermore, Pregabalin was
reported to bind with high affinity to the
voltage-gated calcium channel 026 subunit
(Lietal., 2011). An abnormal Ca2+ profile
has been observed in cystic fibrosis cells
(Rimessi et al., 2021).

V.CONCLUSIONS
The present research demonstrated
ovarian, pulmonary, renal and myocardial
fibrosis in female rats after 8 weeks of daily
oral administration of pregabalin. This
raises a concern about the potential ability
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of pregabalin to induce fibrosis and the
relationship between pregabalin induced
fibrosis and organ failure.

VI.RECOMMENDATIONS

Future research is needed to
understand the mechanism of fibrosis
caused by pregabalin and its relation to
actions of serotonin signaling. Clinicians
should assess the benefit-risk balance in the
individual patient before prescribing
pregabalin; the patients should be screened
for fibrosis before treatment and at regular
intervals thereafter.

List of abbreviations
Not applicable
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