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Protective Effects of Resveratrol in a Rat Model of Ischemia-Reperfusion Injury of Sciatic
Nerve

Rat Siyatik Siniri Iskemi-Reperflizyon Hasarinda Resveratroliin Koruyucu Etkileri
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ABSTRACT

Objective: The aim of this study was to determine the effects of resveratrol
on ischemia- reperfusion (I/R) injury in the rats sciatic nerve.

Methods: We used 18 Wistar rats anesthetized with ketamine (50 mg/kg-im).
In the sham group, we only performed the surgery and not administer any
medication. In the ischemia group, we generated I/R injury in 5 minute
intervals with medical treatment of saline only. In the resveratrol group, we
brought about the same I/R injury but gave resveratrol before the surgery by
per oral. After sacrifice, we studied blood and nerve tissue samples. We
evaluated the damage with malondialdehyde (MDA), nitric oxide (NO), and
total antioxidant capacity (TAC), both in tissue and blood.

Results: Evaluation of serum levels of antioxidant markers and tissue samples
demonstrated statistically significant effects of resveratrol in ischemia-
reperfusion injury.

Conclusion: This study revealed the antioxidant effect of resveratrol as an
inhibitor of lipid peroxidation.
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OZET

Amag: Bu c¢alismanin amaci sigan siyatik sinirinde resveratroliin iskemi-
reperfiizyon (I / R) hasari tizerine etkilerini belirlemektir.

Yéntem: Ketamin (50 mg / kg-im) ile anestezi uygulanmis 18 adet Wistar sigani
kullandik. Sham grubunda herhangi bir ilag vermeden sadece cerrahi
uyguladik. iskemi grubunda 5 dakika araliklarla | / R hasari olusturduk ve
medikal tedavi olarak sadece salin verdik. Resveratrol grubunda da ayni | / R
hasarini olusturduk, ancak oral yolla islemden 6nce resveratrol verdik. Ratlar
sakrifiye edildikten sonra kan ve sinir doku érnekleri aldik. Hem doku hem de
kandaki malondialdehit (MDA), nitrik oksit (NO) ve toplam antioksidan
kapasiteleri (TAC) ile hasari degerlendirdik.

Bulgular: Antioksidan belirteglerin ve doku 6rneklerinin serum dizeylerinin
degerlendirilmesi, iskemi-reperflizyon hasarinda resveratrolin istatistiksel
olarak anlamli etkilerini ortaya koymustur.

Sonug: Bu ¢alisma lipid peroksidasyonunun bir dnleyicisi olarak resveratroliin
antioksidan etkisini ortaya koymustur.

Anahtar Sozciikler: Siyatik sinir, iskemi-reperfiizyon hasari, resveratrol, si¢an,
nitrik oksit, malondialdehit
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INTRODUCTION Study Groups

Reperfusion damage is an undesirable condition that results from
biochemical interactions between the blood and the damaged cell clusters
when the blood flow is made to resume following local tissue damage caused
by ischemia. Ischemia has been reported to quickly disrupt the normal
functioning of peripheral nervous system tissues within 30 to 90 minutes of
its initiation (1). Following studies focused on many organs and tissues
affected by reperfusion damage, numerous suggestions have been
formulated regarding the mechanisms underlying such conditions. The
mechanisms of primary focus are cell swelling, the formation of toxic effective
free oxygen radicals, the stoppage of the functioning of the energy depended
Na-K-ATP pump, and increased liquid flow into cells (2-4).

The sciatic nerve, which is the thickest peripheric nerve in rats, originates
from the lumbo-sacral truncus which consists of L4, L5, L6, and S1 spinal
nerves. Sciatic nerve anatomy (SNA) has been under experimental study since
the beginning of 20t century (5).

Resveratrol is a polyphenol compound found especially in red wine, red
grapes, blackberries, sour cherries and peanuts (6). It has antioxidant, anti-
inflammatory, cardioprotective, antidiabetic, anticancer, and neuroprotective
properties, which are also effective in protecting liver and kidneys (7-10).

A significant number of studies on free radicals have pointed out the
importance of resveratrol as an antioxidant and an ischemia- preventative and
curative agent, primarily for the brain tissue and many other internal organs
(11, 12). Resveratrol’s effects arise via NO up regulation, prevention of the
oxidation of membrane lipids, cleaning the tissues free oxygen radicals, and
prevention of platelet aggregation (13, 14).

The aim of this study was to investigate the effects of resveratrol treatment
on Ischemia- reperfusion (I/R) damage in the sciatic nerve in rat.

METHODS

This study was performed in the experimental animal laboratory of the
University of Gazi, Ankara, Turkey. The animals used were 18 Wistar albino
female rats in the weight range of 195-250 g. Ethical approval was obtained
from University of Gazi ethics committee. All of the surgical procedures were
performed by the same surgeon following standard techniques. In all groups,
the sciatic nerves of the right extremities were used.

Surgical Technique

Rats were anaesthetized via intramuscular injection of 50 mg/kg ketamine-
HCI (Ketalar Flakon-IM Pfizer). Following this, body hair on the gluteal and
femoral regions was shaved and the surgical area was cleaned using povidone
iodine after identifying the feet in the prone position with a stable. Oblique
gluteal incision was performed on the right hind leg. After the ecartation of
the lining skin, the biceps femoris muscle could be identified. The muscle
fibers are separated by blunt dissection, which are then removed without
completely closing them. The incision is held open using a pair of forceps in
either hand, and the superficial muscular layer is moved backwards and
forwards until the sciatic nerve is identified (Figure 1). Using a dissection
scissors, the nerve fiber was removed of its side tissue from the sciatic notch
to the popliteal branching region.
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Figure 1. Demonstrating of sciatic nerve

Three study groups were determined as follows:

Group 1: Sham control group (n= 6). The right sciatic nerve was dissected and
excised 1 cm proximal to the diverging point of the tibial and peroneal nerves.
Group 2: Control group (n=6): One hour before the surgical procedure, 50
mg/kg doses of oral serum physiologics was given to rats. The right sciatic
nerve was then dissected, compressed by clips from 1.5 cm proximal to the
diverging point of tibial and peroneal nerves for 5 minutes, and waited for 5
more minutes for revascularization. At the 10" minute, the sciatic nerve was
excised 1 cm proximal to the diverging point of the tibial and peroneal nerves.
Group 3: Experimental group (n=6): One hour before the surgical procedure,
30 mg/kg doses Resveratrol was administered to rats. The right sciatic nerve
was then dissected, compressed by clips from 1.5 cm proximal to the diverging
point of tibial and peroneal nerves for 5 minutes, and waited for 5 more
minutes for revascularization. At the 10" minute, the sciatic nerve was excised
1 cm proximal to the diverging point of the tibial and peroneal nerves.

Following the surgical procedures on the nerve fibers, all of the rats
underwent euthanasia via massive intracardiac blood aspiration with the aid
of injectors under sedation.

Biochemical Assessment

The tissues were homogenized in a phosphate-buffered saline (PBS)
solution (pH 7.4). Following this procedure, a 10,000 g centrifuge was
administered at +4°C and supernatants were used.

Nitrate/nitrite levels, which are an indication of NO production, were
assessed using Bio Assay Systems Quanti Chrom Nitric Oxide Assay Kit. MDA
was used to examine membrane lipid peroxidation. MDA can be measured by
thiobarbituric acid (TBA). Peroxidized membranes produce fragments which
show color reactions with the TBA. This production is the main stage for the
thiobarbituric acid reactive substance (TBARS) test. The assessment was
carried out spectrophotometrically on 532 nm.

Total antioxidant status (TAS) was analyzed accordingly with the protocol
supported by the manufacturer of the commercially derived diagnostics kit
(Rel Assay Diagnostics). Antioxidants found in sample solutions turn the blue-
green colored ABST radical into its colorless form. TAS of the sample was
identified via the spectrophotometrically observed change in absorbance at
660 nm. The standard solution of antioxidants was the Trolox equivalent,
which is a vitamin E analogue.

Histopathological Assessment

All of the tissue samples were first identified in a 10% formaldehyde solution
for light microscope assessment. Following the identification process, tissue
samples were washed under tap water in cassettes for 24 hours. Samples
were then administered increasing degrees of alcohol solutions (70%, 80%,
90%, and 100%) to remove the water within tissues. Tissues were then passed
through xylol for brightening, and they were finally buried in liquefied paraffin
wax. Four-to-five micron segments were cut from the paraffin blocks and
hematoxylin—eosin staining was administered. Their photos were derived
following the Leica Q Vin 3 program assessment. Histopathological
assessment was carried out by the pathologist blind for the study groups.

Statistical Analysis

Statistical analysis was performed with IBM SPSS Statistics software version
20. Descriptive and inferential analyses of the compared data were carried out
via the analysis of variance (ANOVA) and Kruskal-Wallis H tests with a
significance level of p<0.05 (95% confidence interval).

RESULTS

Serum and tissue levels of MDA, NOx, TAS are seen in Table 1. MDA analysis
of tissue samples revealed a significant difference between groups (p=0.001)
(figure 1). This difference appeared between Group 1 and Group 2 (p=0.006),
as well as between Group 2 and Group 3 (p=0.001). The mean MDA values for
Group 2 were significantly higher than for Group 1. Similarly, Group 2 MDA
values showed statistically higher values with respect to Group 3 data.
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Table 1: Serum and tissue levels of NO, MDA and TAS

SERUM NOx SERUM MDA TISSUE MDA SERUM TAS TISSUE TAS
Group 1 Mean+SD 231,02+46,26 35,95+15,57 287,77+69,34 1,36+0,21 9,89+10,25
(control) (min-max) (158,00-90,00) (23,29-37,79) (212,80-379,40) (1,08-1,66) (4,01-11,67)
Group 2 Mean+SD 302,55+24,91 24,7619,08 433,15454,95 1,15+0,13 5,6143,28
(ischemia) (min-max) (260,25-325,26) (14,12-38,76) (351,70-490,60) (1,07-1,41) (2,20-10,22)
Group 3 Mean+SD 246,91+17,17 26,03%4,84 247,03+79,15 1,28+0,10 10,81+4,32
(ischemia + (min-max) (220,23-265,00) (17,21-30,55) (129,40-335,00) (1,14-1,43) (6,59-13,92)
Resveratrol)
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Histological Findings Nerve fibers were clearly outlined, with their central axons surrounded by

Compounds of the peripheral nerve tissue were normal in Group 1. The
epineurium, perineurium, and endoneurium were all structured normally.

myelin sheaths. Schwann cells nucleuses which compose the myelin sheaths,
were also observable. Capillary veins laying through the connective tissue
substructures also showed normal formation (Figure 6 A, B).
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Figure 6. A. Epineurium (*), perineurium (%) and blood vessels of group 1 are
seen. (hematoxylin-eosin x100) B. Group 1 endoneurium (Q), axon (=),
myelin sheath (A), Schwann cell (¢),and blood vessels (@) (hematoxylin—eosin
x400). C. Perineurium seen in Group 2 (#)(hematoxylin-eosin x100) . D.
Hypertrophy and hyperplasia of Schwann cells in Group 2 (x)(hematoxylin—
eosin x400). E. Group 2 samples demonstrated swelling of myelinated nerve
fibers(¢<>), myelin sheath degeneration (i), partial myelin sheath

Perineurium integration showed occasional disturbances in Group 2
samples. Detailed observations revealed hypertrophy and hyperplasia within
Schwann cells surrounding nerve fibers. Numerous tissues also demonstrated
swelling of myelinated nerve fibers, as well as myelin degeneration. Some of
these fibers showed a partial degeneration of myelin sheaths, whereas the
rest appeared to have undergone complete degeneration. Occasional nerve
fiber contacts resulted in their combining with each other; in such locations of
nervous tissue degeneration, endoneureal edema was also prevalent. Even
though some samples did not show endoneurial edema, they had significantly
swollen nerve fibers, as well as clearly identifiable myelin loss (Figure 6 C, D,
E).

degeneration (A), contact between nerve fibers (8), and endoneurial edema
(X) (hematoxylin—eosin x400). F. Group 3 samples demonstrated hypertrophy
and hyperplasia in Schwann cells (x), myelin sheath degeneration (1), partial
myelin sheath degeneration (A), contact between nerve fibers (), and
endoneurial edema (¥).Symbols for axons and myelin sheaths are (=) and (A),
respectively. (hematoxylin-eosin x400).

Group 3 sample analysis revealed that although Schwann cell hypertrophy
and hyperplasia were significant in the ischemia group, no significant
endoneurial edema was present. Nerve fiber assessments demonstrated that
most individual fibers had normal myelin structures with intact central axons;
however, the remaining fibers appeared to have undergone myelin sheath
degeneration, similar to the members of the ischemia group. Myelin
degeneration was complete in some fibers, whereas it appeared to be partial
in one subgroup (Figure 6 F).
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DISCUSSION

Our study demonstrated that resveratrol applied orally before I/R damage
could reduce the extent of peripheral nerve damage. Histological findings
confirmed the presence of ischemia alongside significant effects of
resveratrol, which partially reduced its effects in the study group. Some
samples showed a reduction in endoneureal edema, whereas myelin
degeneration was almost always observed. This degeneration was partial in
some samples and complete in others.

I/R damage causes multiple organ failure within hours of its initiation and
gives way to the production of free oxygen radicals, as well as pro-
inflammatory mediators. These oxygen radicals, in turn, cause lipid
peroxidation (15-17). This is the reason for membrane disruption,
mitochondrial damage, and finally, cell death (18,19). NO acts as a protective
agent against I/R damage in organs (20, 21). However, numerous studies have
shown that following I/R, NO synthase may synthesize free oxygen radicals
instead of NO (22, 23).

Despite rigorous research, the mechanisms of I/R damage are still not
properly understood. It is highly plausible to consider resveratrol as a
protective agent for internal organs due to its antioxidant and anti-
inflammatory characteristics (24). Previous research has highlighted the
neuroprotective effects of resveratrol in enhancing its antioxidant effects and
associated NO synthesis. The effects of NO on nervous system tissue,
however, are controversial, as NO appears to support neurotoxic and
neuroprotective effects simultaneously (25, 26). NO is a free radical on its own
yet, it can be a potent antioxidant in certain environments. Kiziltepe and
colleagues observed that NO levels rose in the resveratrol applied group in a
spinal cord damage model, where reduced NO levels were associated with
severe neurological deficits (27). In our study, serum TAS and NO levels
significantly increased in line with the degree of ischemia in the respective
experimental groups; however, although resveratrol application decreased
ischemic damage in the relevant samples, this effect could not be
demonstrated to be statistically significant. The short duration between
ischemia initiation and blood sampling, as well as the low amounts of blood
samples, could have influenced our results. NO activity in tissues could not be
studied due to insufficient amounts of tissue samples.

Sinha and colleagues reported that antioxidant activities of trans-
resveratrol caused decreases in infarct volumes caused by focal ischemia in
brain tissue (28).

Lipid peroxidation is one of the most important organic markers for
oxidative stress, where the associated reactivity is triggered by free oxygen
radicals. The synthesis of MDA during lipid peroxidation can easily be assessed
in biological samples, and this is a relatively stable marker of peroxidative
damage (29). MDA reacts with lysine residues of proteins and amine groups
of phospholipids (30). As this compound can diffuse easily, it can cause
damage following its reactions with DNA bases. In their spinal cord damage
model, Kiziltepe and colleagues showed that MDA levels are reduced in
animals with high doses of applied resveratrol (27). In our study, we
demonstrated that the tissue MDA level rose significantly along with ischemic
damage, and in line with previous research, the resveratrol- applied group
showed subsequent reductions in tissue MDA levels that were significantly
lower than the levels observed in the other two groups. Our findings support
the idea that resveratrol has effective antioxidant properties. Notably,
significant reductions in MDA levels are suggestive of inhibitory effects of
resveratrol on lipid peroxidation during the early stages of peripheral nerve
damage. Pre-ischemia resveratrol applications showed similar ranges of tissue
MDA levels with non-ischemic tissue samples. Pre-ischemia serum levels, in
contrast, showed significant differences following such a comparison.

In their I/R model where arteries feeding sciatic and tibial nerve fibers were
connected, Yoshiyuki et al reported protective effects of racemic alpha lipoic
acid (LA) against reperfusion damage on peripheral nerves (31). Grey et al
examined the effects of 2-sulfo-phenyl-N-tert-butyl nitrone (S-PBN) on
reperfusion damage occurring in rat peripheral nerves and found that post-
ischemic applications of S-PBN could have important neuroprotective
characteristics on I/R nerve damage (32). After examining mRNA expressions
of the pro-inflammatory cytokines, tumor necrosis factor-a (TNF-a) and
interleukin-1B (IL-1B) following I/R damage in rat sciatic and tibial nerve fibers,
Mitsui et al. reported that TNF-a and IL-1-B mRNA expressions were
correlated with the ischemic damage on their own, and they were even more
significantly associated with reperfusion than ischemia itself (33). TNF-a gene
expression peaked at the 24" hour of reperfusion, while the IL-1B peak
appeared at the 12t hour.

These observations support the idea that TNF-a and IL-1p are involved in the
inflammatory response to peripheral nervous system I/R damage. Hence,
these compounds can be important for the pathophysiology of ischemic nerve
tissue degeneration.

Previous research in the literature has demonstrated the protective effects
of resveratrol against I/R damage in many regions of the body, including
cardiac tissue, kidneys, brain tissue, and the spinal cord. Its effects on the
peripheral and central nervous systems are promising. Although
intraperitoneal applications were favored in previous research, we chose the
oral application method due to our considerations for human use.
Resveratrol’s oral preparations are available the market, and the clinical use
of resveratrol for acute ischemia can be regarded as plausible given our
research findings.

In conclusion, we can confidently say that single doses of resveratrol applied
post- I/R can alleviate lipid peroxidation rates and hence can be protective
against neural tissue damage. The most important limitation of our research
was the absence of subsequent longitudinal observations of resveratrol’s
long-term effects. The limited rat sciatic nerve fiber dimensions also
prevented us from examining tissue NO levels.

Future research needs to be longitudinal and to implement a broader scope
to assess the efficacy of resveratrol. Along with antioxidant effects, cellular
effects should be examined in both acute and chronic pathologies.
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