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ABSTRACT

Objective: Pregabalin (PGB) is a compound used in the treatment of epilepsy, anxiety, and neuropathic pain.
Experimental data also indicate that PGB can reduce inflammatory pain. We aimed to investigate the anti-
inflammatory effects of PGB on carrageenan (CAR)-induced paw edema and its effects on tumor necrosis
factor-a (TNF-at) and interleukine-1f (IL-1) acting as acute phase cytokines in inflammation, and anti-
inflammatory cytokine IL-10, in rats.

Materials and Methods: Single doses of PGB 30, 50, and 100 mg/kg and indomethacin (INDO) 5 mg/kg in
the treatment groups and saline in the control group were injected once intraperitoneally prior to adminis-
tration of 100 pl of 19% CAR into the right hind paw of the rats. The paw thickness was measured using gauge
calipers (Vernier calipers) before (O hour) and every hour afterwards for 6 hours following the inflammation
induction. The cytokine levels in the blood serum obtained intracardiacally were determined after 6 hours
using the enzyme-linked immunosorbent assay method. p<0.05 was considered statistically significant.

Results: There was no significant difference between the 0 and 6™ hour considering the paw thickness in
all groups, except in the CAR group. CAR significantly increased the paw thickness at 6 hours compared to
the O hour. All doses of PGB and INDO significantly reduced the paw thickness after 6 hours compared to
the CAR group. The TNF-a and IL-1f levels in the PGB and INDO groups were comparable to the control
group, whereas in the CAR group, these levels were increased. The IL-10 level was enhanced in the PGB 50
mg/kg and INDO groups.

Conclusion: It was observed that all doses of PGB exerted anti-inflammatory-like effects comparable to
INDO, supported by their effects on the levels of cytokines.
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Introduction

Pregabalin (PGB) S(+)-3-isobutyl-gamma-aminobutyric acid (GABA), a gabapentin derivative,
is an anticonvulsant used in the treatment of epilepsy [I]. It is also used for neuropathic pain
treatment [2, 3], and it exerts its effects by acting on the GABAergic neurotransmission, voltage-
dependent potassium channels, and calcium channels [4].

Inflammation is a complex process that occurs in response to injuries and tissue damage, and it in-
cludes neutrophil migration to the inflamed area induced by inflammatory mediators, such as tumor
necrosis factor-au (TNF-ar), interleukine- 1 (IL-1B), and the secretion of chemical mediators, such as
histamine, serotonin, bradykinin, and prostaglandin [5]. If the inflammatory process is not terminated,
it may harm the body systems and may cause some diseases, such as rheumatoid arthritis [6].

The PGB is reported to have an antinociceptive effect in neuropathic pain as well as inflamma-
tory pain [3, 7]. It is also suggested that the PGB exerted an antinociceptive effect in inflamma-
tory pain via inhibiting the release of neuropeptides on sensory neurons. Furthermore, it was
reported that gabapentin, which has structural and functional similarities to PGB, showed anti-
inflammatory effects in rats [8].

Our goal was to investigate the anti-inflammatory effect of PGB at different doses in carrageenan
(CAR)-induced paw edema as well as its effects on serum pro- and anti-infllmmatory cytokine
levels in rats.
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Materials and Methods

Animals

Adult female Wistar albino rats (250-300 g) were
used in this study (a total of 42 rats were obtained
from the Medical and Surgical Research Center
[TICAM] and divided into 6 groups containing 7
rats each). Rats were housed under the standard
conditions at room temperature (23+2°C) and
lighting (12/12 h light/dark cycle), and food and
water were available ad libitum. All experiments
were approved by the Local Ethical Committee of
Experimental Animal Research (430/2015).

Drugs

The PGB (Lyrica; Pfizen, jstanbul, Turkey), car-
rageenan iota type, powder, J60603 (Alfa-
Aesar, Karlsruhe, Germany), and indomethacin
(INDO) (Fluka, BioChemika, Bucharest, Ro-
mania) were dissolved in saline. The PGB and
INDO were administered intraperitoneally (i.p.),

and CAR was intradermally (i.d.) (subplantar)
administered.

Experimental Design

An acute anti-inflammatory effect of PGB was
assessed in CAR-induced paw edema. In ad-
dition, proinflammatory cytokines IL-1, and
TNF-0, and anti-inflammatory cytokine IL-10
levels were determined in sera of rats. INDO,
a nonsteroidal anti-inflammatory drug (NSAID),
was used as a reference drug [9].

Animals were divided into six groups (n=7 per
group):

) Control group: 100 pl saline i.d.+saline i.p.

2) CAR group: 100 pl CAR i.d.+saline i.p.

3) PGB 30 mg/kg group: 100 pl CARi.d.4+30 mg/
kg PGB i.p.

4) PGB 50 mg/kg group: 100 pl CAR i.d.+50 mg/
kg PGB i.p.
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Figure |. The anti-inflammatory effects of PGB on the CAR-induced paw edema
Results are given as the meantSEM.
CAR: carrageenan; PGB: pregabalin; INDO: indomethacin.
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Figure 2. The effects of PGB on serum IL-10 levels

Results are given as meanSEM.

CAR: carrageenan; PGB: pregabalin; INDO: indomethacin.

*p<0.05 compared to control. +p<0.05 compared to CAR group.

5) PGB 100 mg/kg group: 100 pl CAR id.+100
mg/kg PGB i.p.

6) INDO 5 mg/kg group: 100 pul CAR i.d.+5 mg/
kg INDO i.p.

Carrageenan-induced Paw Edema

The PGB at doses of 30, 50, and 100 mg/kg,
INDO 5 mg/kg, or saline were injected i.p. to
rats 30 minutes before the id. (subplantar)
administration of 100ul of 1% CAR into the
right hind paw of the rats. The paw thickness
was measured just before the CAR injection (O
hour) and in every hour for 6 hours after the
CAR injection using Vernier calipers [10, | 1].

Determination of the IL-Ibeta, TNF-alfa, and
IL-10 Levels

Intracardiac blood samples were obtained after 6
hours for the determination of cytokines and were
kept at —80 °C until analysis. The IL-13, TNF-a,,
and IL-10 levels in sera were analyzed using the
enzyme-linked immunosorbent assay kits (eBiosci-
ence, Vienna, Austria) according to the manual.

Statistical Analysis

Statistical analysis was performed using the Sta-
tistical Package for the Social Sciences (SPSS Inc,;
Chicago, IL, USA) version 15.0 statistical pack
software. The data were normally distributed
when analyzed using the Shapiro—Wilks test.
The data of the anti-inflammatory response
were analyzed statistically with one- and two-
way analysis of variance (ANOVA); the statistical
analysis of cytokine levels was conducted with
one-way ANOVA. The Tukey post-hoc test was
used according to the Levene homogeneity test.
p<0.05 was considered statistically significant.

Results

The Effects of Pregabalin on CAR-Induced
Paw Edema

Carrageenan significantly increased the paw
thickness compared to control group (p<0.05).
(As known carrageenan is an inflammatory agent.
So it leads to inflammation. Thus, this data is an
expected result.) There was no significant differ-
ence between the groups in terms of paw thick-
ness at all time points, except in the CAR group
(Figure 1). CAR significantly increased the paw
thickness at all hours compared to other groups.
All doses of PGB significantly decreased the paw
thickness dose-independently at 4th—6th hourn,
and this effect was similar to INDO (Figure I).

The Effects of Pregabalin on the Serum Cyto-
kine Levels

The PGB 50 mg/kg increased the IL-10 lev-
els compared to the control and CAR groups
(p<0.05)
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This effect was less prominent than in the INDO
group; however, there was no statistical signifi-
cance between the PGB 50 mg/kg and INDO
groups (Figure 2).

Carrageenan significantly increased the IL-18
and TNF-a. levels compared to the control and
PGB groups (p<0.05). The PGB significantly
decreased the IL-1f and TNF-a levels dose-
independently compared to the CAR group
(p<0.05). These effects of PGB were similar
to INDO; however, there was no statistical sig-
nificance between the PGB and INDO groups
(Figure 3, 4).

Discussion

In this study, we investigated the anti-inflamma-
tory effects of PGB on the CAR-induced paw
edema and its effects on the serum cytokine lev-
els in rats. We observed that CAR increased the
paw thickness compared to control (p<0.05).
The paw thickness was found to be increased at
the 3 and 4™ hour and reduced to the 0-hour
values at the 6" hour in the treatment groups
(p>0.05) (Figure I), whereas paw thickness in-

creased with time in the CAR group (p<0.05).
We observed that the PGB decreased the paw
edema dose independently, and this effect was
similar to INDO, the reference anti-inflamma-
tory drug (Figure ). This result was consistent
with the finding that gabapentin reduced the
paw thickness in an arthritis model in rats in-
duced with Freund’s complete adjuvant admin-
istration [12]. Although we used the PGB and
CAR-induced inflammation model, we may sug-
gest that our results are in accordance consider-
ing the similarity between the PGB and gabapen-
tin in the mechanism of action with gabapentin.

The PGB, similar to gabapentin, acts by binding
to the 028-1 subunit of voltage-gated calcium
channels. It also affects GABAergic neurotrans-
mission. The PGB exerts antiepileptic, analgesic,
and anxiolytic effects. In addition, antiepileptics
can sometimes be used for the relief of posther-
petic neuralgia as an adjunctive treatment to
antidepressants [13]. In the United Kingdom,
gabapentin and pregabalin are indicated for the
treatment of neuropathic pain. The PGB, as an
antiepileptic, shows less efficacy against the focal
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Figure 3. The effects of pregabalin on serum IL-1f3 levels

Results are given as mean*SEM.

CAR: carrageenan; PGB: pregabalin; INDO: indomethacin.

*p<0.05 compared to control; +p<0.05 compared to the CAR group.
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Figure 4. The effects of pregabalin on serum TNF-a levels

Results are given as meanSEM.

CAR: carrageenan; PGB: pregabalin; INDO: indomethacin.

seizures and may worsen generalized myoclonic
and absence seizures. The PGB is also used for
diabetic peripheral neuropathy, postherpetic
neuralgia, and fibromyalgia [7]. Antiepileptic
drugs are particularly preferred for neuropathic
pain conditions, for example, painful diabetic
neuropathy and postherpetic neuralgia, and
they are not favored for nociceptive pain, such
as arthritis. On the other hand, their use in
acute pain conditions has been studied. In gen-
eral, acute pain is treated ineffectively as chronic
pain [4]. The a2d- 1 subunit of voltage-gated cal-
cium channels is reported to be upregulated in
inflammatory models in rats [ 14]. Furthermore,
ligands of the a2d-1 subunit as well as pregaba-
lin were shown to be effective in inflammatory
pain models, and this effect was associated with
binding to the a268-1 subunit rather than affect-
ing the GABAergic transmission [15].

Inflammation is a defense mechanism that pro-
tects the body from the damage caused by
endogenous or exogenous stimuli [6]. Inflam-
mation is essential to maintain physiological pro-
cesses; however, if the underlying pathology that
triggers inflammation remains untreated, inflam-
matory diseases, such as rheumatoid arthritis
and atherosclerosis, may occur [6].

In our study, we induced inflammation by CAR,
which is an acute inflammation model [10, I1].
There are several hypotheses trying to clarify
the acute inflammation processes. Recently, it
was reported that the cytotoxicity emerging in
the acute phase of the inflammation may result
from the damaging effects of reactive oxygen
species induced by the release of proinflamma-
tory cytokines [16, |7]. In addition, enzymatic
pathways, such as COX-2, which is an inducible
COX enzyme, are suggested to play role in the
inflammatory response [I8]. Considering this,
nonsteroidal anti-inflammatory drugs (NSAIDs)
are used for their analgesic, antipyretic, and anti-
inflammation properties. In addition, PGB was
reported to show analgesic effect on inflamma-
tory pain by inhibiting neuropeptides on sensory
neurons [19].

In our previous study, the PGB (30 and 100 mg/
kg) exerted a central spinal but not central su-
praspinal antinociceptive effect, and the PGB
100 mg/kg presented a peripheral antinocicep-
tive effect. We suggested the involvement of the
opioidergic pathway in the central spinal antino-
ciceptive effect of PGB, whereas the nitrergic
and serotonergic pathways are not involved [3].
Therefore, we aimed to investigate the effect
of PGB on inflammation considering its use in
the treatment of acute and chronic neuropathic
pain.


https://www.sciencedirect.com/topics/medicine-and-dentistry/adjuvant

Eurasian | Med 2018; 50(3): 156-159

Kilic et al. Pregabalin in Inflammation ® |59

Inflammatory responses are often mediated by
the production of proinflammatory molecules
and cytokines [20]. The first 6 hours of the in-
flammation are regarded to be significant in the
inflammation process because the release of
cytokines, also known as acute phase reactants,
reach maximum levels in this period. Inflamma-
tory mediators, such as TNF-a and IL-1§, play
a significant role in the inflammatory processes
[5] On the other hand, IL-10 serves as an anti-
inflammatory cytokine that inhibits the release
of TNF-a, IL-1, IL-6, IL-8, and IL-12 from mac-
rophages [18]. Blood concentrations of several
cytokines, such as TNF-a, IL-6, and IL-1f, are
widely used as biomarkers of inflammation.
TNF-a was the first cytokine to be considered
a common linking factor in the inflammatory
response, whereas IL-6 is an acute phase reac-
tant and is involved in the progression of acute
inflammation to chronic inflammation [21]. IL-
IB plays an essential role in the inflammatory
process; however, its prolonged high levels have
been associated with inflammatory diseases,
such as irritable bowel syndrome and rheuma-
toid arthritis [20, 22]. In our study, we observed
that PGB at all doses decreased the levels of
proinflammatory cytokines TNF-o. and IL-1f3,
which increased with the CAR injection in the
sera of rats. Furthermore, this effect was com-
parable to INDO. In addition, the PGB increased
the levels of IL-10. However, this effect was less
prominent than INDO (Figure 2-4).

This study offers PGB as an alternative anti-
inflammatory agent comparing its anti-inflam-
matory effect to those of NSAIDs. Accordingly,
gastric side effects of PGB, if there are any,
should be stated to make a more appropriate
comparison. In this study, we did not assess the
gastric side effects of PGB; however, we planned
to investigate the effects of pregabalin on gastric
ulcer formation in further studies.

As a conclusion, we suggest that PGB possesses
anti-inflammatory effect at all doses. However,
this effect was similar to INDO, a NSAID, which
is in used in clinical practice. We suggest that
PGB 30 and 50 mg/kg may be used as an anti-
inflammatory agent.
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