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The effects of infusion of perineural pregabalin in the experimentally created sciatic nerve anastomosis
in rats

INTRODUCTION AND OBJECT: The aim of our study was to assess the effect of perineural pregabalin administration on
the success of coaptation in experimental rat sciatic nerve anastomosis by measuring the expression of anti-inflammatory
cytokine TGF-P. It is thus to provide alternative solutions to this problem which we often see in clinical practice and
whose results are not satisfactory.

METHODS: In our study, 40 adult, male, Sprague-Dawley rats; 5 groups were randomly assigned. Group 1: This gro-
up’ sciatic nerves were dissected and the surgical site was sutured. Group 2: Rats whose sciatic nerves are sectioned trans-
versely through the full-thickness and end-to-end anastomosis is performed and no additional procedure is performed.
Group 3: Intraperitoneal administration of 30 mg /| kg pregabalin for 7 days with anastomosis. Group 4: 30 mglkg
pregabalin given orally for 7 days with anastomosis. Group 5: Given 10 microliters / b pregabalin subcutaneous per-
ineural infusion for 7 days with anastomosis. After 60 days of surgery, the experiment was terminated with high dose
thiopental (50 mglkg). The right sciatic nerves of all animals were taken and sections obtained were examined immuno-
histopathologically.

ResuLts: Inflammation was significantly less in the 5th group than in the other groups. TGF-f expression in Groups
3, 4, and 5 is significantly higher than Groups 1 and 2, which also supports this situation. Although the expression in
group 5 was not statistically significant, the number of TGF-B expression was higher than Groups 3 and 4. In terms
of immunohistochemical properties; 1 to 3, 1 to 4, 1 to 5, 2 to 5 groups were statistically significant (p <0,05).
CONCLUSIONS: Inn conclusion, perinural infusion of pregabalin into the anastomotic region has not been previously tried
in the literature and it has been found that immunohbistochemistry provides positive contributions to healing of anasto-
mosis. More research is needed to demonstrate that this effect is superior to other methods of administration of the drug.
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mechanical factors such as ischemic and chemical factors
may occur 2. When the peripheral nerve damage occurs,
the blood-nerve barrier deteriorates. Also; increased cir-
culating macrophages, schwann cell proliferation,
cytokine production and increased production of extra-
cellular matrix components occurs 37. Following tissue

Introduction

Sciatic nerve damage is very common in peripheral nerve
diseases. Bone fractures, skin lacerations, nerve cuts,
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damage, oxidative stress is increased and the peripheral
nerve damage is worsened by inflammatory mediators 8.
TGE-B, which is a prototype of multifunctional growth
factors; it plays an important role in the nervous sys-
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tem, its continuity and the repair process 113, TGF-B
plays a critical role in the regulation of immune cell
function by limiting the production of inflammatory
mediators. Neuronal progenitor cells have neuroprotec-
tive activity. Based on previous studies, it is thought that
TGF-B1 is a useful cytokine for neurons in the process
following nerve injury. In this regard, neuroprotective
character of TGF-B1 expression emerges 8.

Nerve regeneration is a complex biological phenomenon.
Nerve injuries in the peripheral nervous system; they can
heal spontaneously without treatment unless the integri-
ty of the nerves is disturbed (axonotmesis). In the case
of many serious traumas, end-to-end anastomosis of
damaged nerve endings (ETE anastomosis) is necessary.
Unfortunately; the functional consequences of nerve
repair are not as desired. Therefore, research focuses on
healing modalities in nerve regeneration 22, Pregabalin
is gamma-aminobutyric acid analog. Pregabalin inhibits
the release of neurotransmitters in the central nervous
system. Pregabalin has anti-convulsive, neuropathic pain
associated with diabetic peripheral neuropathy, posther-
petic neuralgia and fibromyalgia activity. Pregabalin also
has efficacy in incisional injury and inflammatory injury,
and is a drug that comes forward with its high tolera-
bility by its ease of use 2>2°.

When the relevant literature was searched, studies on
enteral and parenteral use and effects of pregabalin were
found in various experimental models. However, there
was no other study comparing the pregabalin effect of
sciatic nerve anastomosis or the classic use of enteral and
parenteral use versus perineural infusion 242627,

In light of this information our hypothesis is that peri-
noral pregabalin administration in rabbits with sciatic
nerve anastomosis will increase the success of coaptation.
In this study, it was aimed to evaluate the effect of pre-
gabalin by measuring TGF-f expression which is anti-
inflammatory cytokine.

Materials and Methods

ANIMALS

This study was performed at Baskent University School
of Medicine Experimental Research Center, and was app-
roved by the local ethics committee. All animals recei-
ved humane care in compliance with the “Principles of
Laboratory Animal Care” formulated by the National
Society for Medical Research and the “Guide for the
Care and Use of Laboratory Animals” prepared by the
Institute of Laboratory Animal Resources and published
by the National Institutes of Health (USA).

Fourty adult male Sprague-Dawley rats mean weight 300
g were randomly divided into 5 groups (n=8) as follows:
— Group I (Sham operated group): This group’s sciatic
nerves were dissected under general anesthesia without
anastomosis and the surgical site was sutured;

— Group II: Sciatic nerves were sectioned and ETE anas-
tomosis was performed;
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— Group III (anastomosis + intraperitoneally 30 mg/kg
of pregabalin): Sciatic nerves were sectioned and ETE
anastomosis was performed and the animals received 30
mg/kg of pregabalin intraperitoneally every day for seven
ays;

— Group IV( anastomosis + orally 30 mg/kg of prega-
balin): Sciatic nerves were sectioned and ETE anasto-
mosis was performed and the animals received 30 mg/kg
of pregabalin orally dissolved in 1 ml of distilled water
every day for seven days;

— Group V(anastomosis + 10microliter/h of pregabalin
via subcutaneous perineural infusion): Sciatic nerves were
sectioned and ETE anastomosis was performed and the
animals received 10microliter/h of pregabalin via subcu-
taneous perineural infusion for seven days.

Surgical procedure

Rats were housed at room temperature and had free
access to food and tap water. They were anesthetized by
intramuscular injection of 50 mg/kg ketamine (Ketalar,
Pfizer) and 5 mg/kg xylazine (Rompun, Bayer). Arterial
pressure and heart rate were constantly monitored; bre-
athing was unassisted. After administration of anesthe-
sia, the right hind limbs were prepared for surgery using
a sterile technique. Skin incision was followed by dis-
section of the gluteal muscles in order to expose the
sciatic nerve, including the tibial, peroneal, and sural
branches, under a surgical microscope (Opmi 9-FC, Carl
Zeiss AG, Germany).

ETE anastomosis of the proximal and distal stumps was
performed after sectioning the sciatic nerve. Anastomoses
were performed using 10-0 nylon sutures.

In animals where perinural pregabalin infusion is to be
administered (Group 5); a horizontal incision was made
about 2 cm long at the scapula level. A space of 2x2
cm was opened in this region and an osmotic microp-
ump (Alzet, Durect Corp. Cupertino, CA) filled with 2
ml of 1% pregabalin solution was implanted. The gluteal
isthmus was reached by advancing the subcutaneous tis-
sue through a micro-bore catheter. The microcatheter
was placed adjacent to the anastomotic region with sub-
cutting tissue, gluteal nerve and fascia secured with 4-0
silk suture. The layers were closed by providing hemo-
stasis.

Drug preparation

Pure pregabalin in powder form was obtained through
ARIS as a gift. For oral and intraperitoneal administra-
tion, the purified powdered pregabalin distilled water was
diluted to 10 mg at 1 ml and the solution was agitat-
ed before each use. For perineural infusion, 1% solution
of pregabalin in the form of purified powder was pre-
pared. The osmotic pump was filled with 1 ml of solu-
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tion to be applied at 10 microliters / hour for 7 days.
In addition, the efficacy of the osmotic micropump filled
with methylene blue and the adequacy of perineural infu-
sion were checked before starting the 2-rat study. The
function of the pump was confirmed by measuring the
amount of aspirated solution remaining in the pump
after rats were killed 2829,

Histological analysis and Immunohistochemistry

Sciatic nerves dissected from the rats fixed in 10% buf-
fered formaldehide. After routine tissue process, samples
were embded in parafin blocks and 4p thick sections
were taken. Sections stained with H&E, evaluted under
light microscope. The presence of Schwainan cells,
inflammation and axonal degeneration were evaluated
and scored semiquantitatively (0: absent, 1: mild, 2:
moderate, 3:severe/marked). Four micron-thick sections
taken from the parafin blocks were immunhistochemi-
cally stained with anti-CACNA2D1 antibody (Abcam
cat: 2864) as primary antibody and with rabbit
Antimouse IgG (Abcam) as secondary antibody. The
results were scored semiquantitaviley (0: absent, 1: mild,
2: moderate, 3:strong).

MOLECULAR INVESTIGATIONS
Total RNA extraction and cDNA synthesis

Total RNA extraction with ¢cDNA synthesis was isolat-
ed. The tissues were stabilized in 30 mg of RNA stabi-
lization reagent (RNAlater, Qiagen) and disrupted with
the aid of Tissue Lyser II (2 x 2 min for nerve; 2 x 5
min, Qiagen). Total RNA was purified in RNeasy Mini
Kit (Qiagen).

The RNA specimens were transcribed into complemen-
tary DNA by ¢cDNA reverse transcription kit (Applied
Biosystem).

The total RNA in 10 ul was processed with 2 ul of
10xRT random primers, 2 wl of 10xbuffer of RT, 0.8
ul of 25 X dNTPs mix, 4.2 ul of DEPC-H20 and1
ul of multiscribe reverse transcriptase.

Reverse transcription was realized at 25 C for 10 minu-
tes, after that 120 min at 37 C, and lastly 85 C for 5
minutes employing a Veriti 96 Well Thermal Cycler
(Applied Biosystem).

The cDNA quality and concentration were assessed using
Take 3 Plate (Biotek) and the Epoch Spectrophotometer
System.

Relative quantification of gene expression

Relative TGF B1 expression investigation was carried out
with Step One Plus Real Time PCR System technology

(Applied Biosystem) by cDNA synthesized from rat scia-
tic nerve RNA.

qPCR was run by a TagMan Probe-based technology
and TagMan Probe mix (Applied Biosystem).

Real-time PCR was carried out by primers generated for
rat TGF-B1 Rn0057201 ml and rat Bactin (forward)
53TGGTGGGTATGGGTCAGAAG (reverse) 53GACA-
ATGCCGTGTTCAG.

The P-actin expression in tissues was used for as an
endogenous control.

Probes and primers for -actin were conceived by Primer
Design, Southampton, UK.

For each tissue, the experiments were carried out in trip-
licate in a 96-well optical plate for both targets using 1
ul of Primer Perfect Probe mix, 9 wl of ¢cDNA (100
ng), and 10 ul of Quanti Tect Probe PCR Master mix
(Qiagen, Hilden, Germany) in each 20 ul reaction.
The plates were warmed for 2 minutes at 50 C and 10
minutes at 95 C, after that 40 cycles of 15 secinds at
94 C and 60 seconds at 60 C.

STATISTICAL ANALYSIS

For calculating the sample size of the control and exper-
imental groups of our study, the power of the test for
each variable was determined by taking at least 0,80 and
type 1 error at 0,05. Descriptive statistics for the con-
tinuous variables obtained from the groups included in
my study are expressed as median and range (minimum-
maximum) values. Kruskall-Wallis H test was used for
continuous (quantitative) variables (schwann H.prolifer-
ation, axonal degeneration, inflammation, immunohisto-
chemistry, molecular results) in comparison with each
other. Dunn’s test was used for post hoc analysis. The
statistical significance level (a) in the calculations was
taken as 5% and the statistical package programs of SPSS
(IBM SPSS for Windows, ver.24) were used for the cal-

culations.

Results

The groups were compared in terms of Schwann cell
proliferation,  axonal  degeneration, inflammation,
immunohistochemistry and molecular outcomes. Groups
forming the difference can be summarized as follows.
For Schwann cell proliferation; the difference between
group 1 and all other groups was statistically significant
(p <0.05). Contrary to this situation; 2, 3, 4, 5 groups
were similar (p> 0.05) (Fig. 1).

In terms of axonal degeneration; only 1 and 5 groups
were statistically different from each other (p <0.05). The
difference between all other groups was not significant
(p> 0.05).

In terms of inflammation; Groups 1 and 5 were statis-
tically different (p <0.05). Similarly, the differences
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Fig. 1: Groups and overall distribution of Schwann cell proliferation
is shown.

between groups 2 and 5, 3 and 5, 4 and 5 were sig-
nificant (p <0.05) (Fig. 1). These differences between
the outside of the remaining pairwise comparisons were
not significant (p> 0.05).

In terms of immunohistochemistry; The differences
between 1 and 3, 1 and 4, 1 and 5, 2 and 5 groups
were statistically significant (p <0,05) (Fig. 2).These dif-
ferences between the outside of the remaining pairwise
comparisons were not significant (p> 0.05).

Discussion

Despite all the researches on neural healing, nerve heal-
ing is still not achieved at the desired level.

The main goal of treatment in peripheral nerve injuries
is to restore neural conduction and replace the nerve-
related end organ functions with minimal loss.

For successful nerve regeneration, steps such as axonal
budding, growth, end organ reinnervation and integra-
tion of the central nervous system and regenerated fibers
need to be completed.

Rats are a frequently used animal when evaluating this
regeneration. The reasons for the inevitability of these
nerves in rats are cheap and easy to obtain, the long
course of the sciatic nerve permits easy dissection in the
mid-thigh region, and has a suitable area for manipula-
tion and nerve trunks similar to those in humans . We
also used the rat sciatic nerve for this reason in our
study.

Experimental studies have used many drugs and tech-
niques such as nonsteroidal antiinflammatory drugs,
steroids, low dose radiotherapy and vitamins. These stud-
ies aim to improve the process of nerve regeneration and
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Fig. 2: Distribution of molecular results (TGF-betal expression )by
group.

functional recovery with the help of therapeutic inter-
ventions 83132 If effective treatment can be developed
to minimize the post-traumatic dysfunction, it will rev-
olutionize the treatment of peripheral nerve diseases.
We also aimed to evaluate the effect of pregabalin in
sciatic nerve incisions in rats treated with primary
surgery. Pregabalin, also known as an anti-epileptic agent,
is also used for the treatment of neuropathic pain, post-
herpetic neuralgia, and trigeminal neuralgia. In many
experimental studies; neuroprotective properties of pre-
gabalin have been shown- 242029,

Pregabalin lipid peroxidation represses microglial cells
and weakens cellular apoptosis of oligodendrocytes. This
demonstrates that the neuroprotective effect is through
the antiinflammatory effect 2.

Buys et al. have shown that administration of pregabalin
by the perineural route results in more analgesic effect
than systemic administration of the same dose. Carlton
et al. have shown that the local peripheral injection of
gabapentin dramatically reduces formalin-induced noci-
ceptive behavior 2933,

We also showed that in our study, especially inflamma-
tion was much less in the 5th group than in the other
groups (p <0.05). If we consider that the neuroprotec-
tive property of pregabalin is through its anti-inflam-
matory properties; statistically, we support that perinur-
al use of pregabalin is more neuroprotective effect than
intraperitoneal and oral use of pregabalin. Another
advantage of perineural administration is that the side
effect is much less because it acts without reaching the
central nervous system %.

Although sciatic nerve injuries are rare in humans, anoth-
er reason why this nerve is preferred in animal experiments
is that it is a polyphacic mixture type nerve, it contains
axons in different sizes and types and provides a compre-
hensive research opportunity. It allows you to evaluate both
sensory and motor functions at the same time .
Functional evaluation is a standard metric for motor func-
tion assessment that reflects nerve function after peripheral
nerve injury 3. However, functional evaluation was not per-
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Fig. 3: In the preparations examined by H & E staining;
Inflammation was evident in group 2 and 3, whereas inflammation
was relatively rare in group 4 and 5. In group 5, very few inflam-
matory cells are observed (X20 magnification).

formed in our study because nerve regeneration and func-
tional recovery were not completed on the 60th day .
Transforming growth factor-p (TGE-f) plays an impor-
tant role in wound healing and repair of peripheral nerve
lesion. TGF -f has three subtypes (1, 2 and 3) that have
different biological functions. TGF-B1 stimulates extra-
cellular matrix synthesis and angiogenesis. It is chemo-
tactic to macrophages and fibroblasts %37,

In the rat sciatic nerve injury model, Rufer et al. evalu-
ated nerve regeneration via TGF-f mRNA expression °.
In cases where Schwann cells were unable to contact axons
sprouting from the proximal region, an increase in TGEF-
B mRNA expression was also observed in distal stumps
of damaged nerves. The “reactive” Schwann cell pheno-
type following the peripheral nerve lesion can be said to
cause upregulation of TGF -f expression. Similarly, in
our study, schwann cell proliferation was significantly
higher in the treatment groups (Groups 3, 4, and 5)
(Table I). Although there was no statistically significant
difference, there were more reactive Schwann cells in the
perinural pregabalin group (group 5) than in the
intraperitoneal and oral groups.

These rates between the groups also coincided with the
TGF expression. Similarly; group 3, 4 and 5 had sig-
nificantly higher expression than the other groups, but
there was no significant difference between them (Table
). However, in the 5th group, more expressions were
seen than in the 3rd and 4th groups. In our study, in
addition to the study of Rufer et al; It was found that
even after 60 days of sciatic nerve injury, expression of
TGF- B1 was greater. In previous studies in the litera-
ture; TGF-B1 levels after maximum 35 days after injury
were evaluated.

More studies should be done to examine the potential
of pregabalin perineural use and evaluating TGF-B1
expression in relation with peripheral nerve regeneration.

Conclusion
Perineural use of pregabalin was found to have more

neuroprotective effect. If we consider that the dose-
dependent side effect will be less for perineural use, the

Fig. 4: Immunohistochemically, there was marked difference in stai-
ning with anti-CNCA2D1 between group 2 and group 5. (X20
magnification).

efficacy and possible side effects of higher doses should

be assessed in other studies.

Riassunto

Lo scopo di questo nostro studio era quello di valutare
Ieffetto della somministrazione di pregabalin livello peri-
neurale sul successo sperimentale del combaciamento nel-
le anastomosi del nervo sciatico del ratto, misurando I'es-
pressione della citochina anti-inflammatoria TGF-f, e di
conseguenza di offrire soluzioni alternative a questo prob-
lema che si incontra spesso nella pratica clinica e i cui
risultati non sono soddisfacenti.

Lo studio ¢ stato condotto su 40 ratti Sprague-Dawley
adulti, di sesso maschile, suddivisi in 5 gruppi distribuiti
in modo casuale.

Gruppo 1: disssezione dei nervi sciatici e successiva sutu-
ra della sede chirurgica.

Gruppo 2: sezione trasversale a tutto spessore dei nervi
sciatici e successiva anastomosi termino-terminale senza
nessuna procedura aggiunta.

Gruppo 3: somministrazione intraperitoneale di 30 mg /
kg di pregabalin per 7 giorni dopo sezione-anastomosi
Gruppo 4: 30 mg / kg di pregabalin somministrato per
via orale per 7 giorni dopo sezione-anastomosi.
Gruppo 5: somministrato 10 microlitri / h di infusione
perineurale pregabalin per via sottocutanea per 7 giorni
dopo sezione-anastomosi.

Dopo 60 giorni dall'intervento I'esperimento ¢ stato
interrotto con una dose elevata di tiopentale (50 mg /
kg). Sono stati prelevati i nervi sciatico di destra di tut-
ti gli animali e le sezioni istologiche preparate sono sta-
te studiate con I'immunoistochimica.

Come risultato si ¢ osservato che l'inflammazione risul-
tava significativamente inferiore nel 5° gruppo rispetto
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agli altri gruppi. Lespressione TGF-f§ nei gruppi 3, 4 ¢
5 era significativamente pitt alta dei gruppi 1 e 2, che
supporta anche questa situazione.

Sebbene I'espressione nel gruppo 5 non fosse statistica-
mente significativa, 'espressione del TGF-f era superio-
re rispetto ai gruppi 3 e 4.

Per quanto riguarda le proprietra istochimiche ¢ risulta-
to statisticamente significativo il rapporto tra i gruppi:
del 1 rispetto a 3, del 1 rispetto a 4, del 1 rispetto a
5, del 2 rispetto al 5i (p <0,05).

In conclusione, linfusione perinurale di pregabalin nel-
la regione anastomotica, non ¢ stata studiata preceden-
temente in letteratura e si ¢ verificato con immunois-
tochimica che fornisce contributi positivi alla guarigione
dell'anastomosi. Sono necessarie ulteriori ricerche per
dimostrare che questo effetto ¢ superiore ad altri meto-
di di somministrazione del farmaco.
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