European Review for Medical and Pharmacological Sciences

2016; 20: 1192-1202

Protective effects of thymoquinone and
alpha-tocopherol on the sciatic nerve
and femoral muscle due to lower limb
ischemia-reperfusion injury
A. ERKUT1, M.C. CURE2, Y. KALKAN3, M.S. BALIK1, Y. GUVERCIN1,
E. YAPRAK2, S. YUCE4, I. SEHITOGLU5, E. CURE6
1

Department of Orthopedic Surgery, 2Department of Biochemistry, 3Department of Histology and
Embryology; Recep Tayyip Erdogan University, School of Medicine, Rize, Turkey.
4
Internal Medicine, Kumru State Hospital, Ordu, Turkey.
5
Department of Pathology, 6Department of Internal Medicine; Recep Tayyip Erdogan University,
School of Medicine, Rize, Turkey.
Recep Tayyip Erdogan University, School of Medicine, Rize, Turkey.

Abstract. – OBJECTIVE: Thymoquinone (TQ)
is an antioxidant and anti-apoptotic substance
found in the Nigella sativa plant. Alpha-tocopherol (α-TP) is a potent antioxidant. We aimed to
determine whether or not TQ and TP have a protective effect against lower limb ischemia-reperfusion (IR) injury of muscle and the sciatic nerve.
MATERIALS AND METHODS: A single dose
of TQ 25 mg/kg was given intraperitoneally to
the TQ group, a single dose of α-TP 200 mg/kg
was given intraperitoneally to the α-TP group. IR
was performed for 45 minutes after the drugs’
applications.
RESULTS: While serum levels of malondialdehyde (MDA) and interleukin-6 (IL-6) of the IR group
were significantly higher than those of the TQ
plus α-TP, TQ and α-TP groups (p<0.001, p<0.001,
p=0.008, respectively) and IL-6 (all p<0.001), the
reduced glutathione (GSH) level of the IR group
was lower than that of the other three groups.
While neuronal nitric oxide synthase activity of
nerve tissues of the IR group was significantly
lower than that of the TQ plus α-TP group, the
muscle tissue caspase-3 activity was higher than
that of the TQ plus α-TP group.
CONCLUSIONS: Administration of TQ plus αTP may strongly protect muscle and nerve tissues against IR injury via their synergistic effects.
Key Words:
Ischemia-reperfusion, Thymoquinone, Alpha-tocopherol, Vitamin E, Nigella sativa, Sciatic nerve, Muscle.

Introduction
Ischemia-reperfusion (IR) remains an important clinical problem. During the ischemic stage,
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tissue oxygenation is altered due to the impairment of tissue perfusion, leading to the formation
of reactive oxygen radicals (ROS) and lipid peroxidation. An intensive increase in the production of cytokines, such as tumor necrosis factor
alpha and interleukin (IL)-6, during reperfusion,
increases the further formation of ROS, which
results in apoptosis and cellular death1,2. Peripheral nerves, such as the sciatic nerve, are very
sensitive to IR injury, and intensive ROS formation during IR injury is toxic to the sciatic nerve.
The elevation of cytokine production, such as in
IL-6 and ROS formation, especially during IR of
a lower limb, leads to sciatic nerve injury as well
as to many other tissues3,4. In addition to ROS
formation during IR, the antioxidant defensive
system becomes impaired. A low level of reduced glutathione (GSH) indicates a poor defensive system4,5. The level of the vasodilator substance, nitric oxide (NO), decreases during IR so
that the increased vasoconstriction leads to impairment of blood flow of the nerve tissue6,7.
Thus, the caspase system is activated, which
leads to apoptosis and subsequent cellular and
tissue death.
Nigella sativa (black cumin), a plant of the
Mediterranean and West Asian regions, is widely
used in traditional medicine. Thymoquinone (TQ)
(2-isopropyl-5-methylbenzo-1, 4-quinone) is an
important compound of the volatile oil in the
seeds of this plant8. Many biological activities of
TQ have recently been found to be valuable. It
has been reported to have potent anti-inflammato-
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ry, antioxidant and protective effects from carcinogenesis8-10. TQ has been reported to exert its
anti-inflammatory effects by inhibiting cyclooxygenase and lipoxygenase activities that lead to the
reduction of leukotriene synthesis and suppression of proinflammatory cytokine production9,10.
TQ also prevents reactive oxygen radical (ROS)
formation by suppressing polymorph nuclear
leukocyte (PMNL) functions11. It has been reported to have protective effects on tissues against IR
injury in many tissue models such as in models of
lower limb IR, abdominal aorta IR and renal, hepatic and muscle tissues12-17. Alpha-tocopherol
(α-TP) is a substance known to have antioxidant,
anti-inflammatory and anti-apoptotic effects18. It
has been shown to have neuroprotective effects in
cerebral IR models19. A synergistic effect has also
been observed in studies that have used a TQ and
α-TP combination20-23.
In this study, we aimed to investigate whether
or not TQ has a protective effect against IR injury
of local muscle tissues and the sciatic nerve during IR of lower limb models and whether TQ has
a synergistic effect with α-TP during IR injury.

Materials and Methods
Selection of Groups
Thirty S. Dawley male rats aged 6-7 months
(180-230 g) were included in the study. Rats
were divided into five groups randomly, with six
rats per group. The rats were kept in a standard
temperature and humidity environment, with a
12-hour light-dark cycle, and were fed standard
food and water. The rules of the “Guide for the
Care and Use of Laboratory Animals” (NIH,
1985) were followed during the entire experiment. The necessary approvals were obtained
from the local Ethics Committee prior to the experiment.
Control group: Neither drug application nor IR
were performed on the rats in this group.
IR group: Only IR was applied to this group; no
drugs were given.
TQ group: A single dose of thymoquinone (catalogue No. 274666-5G; Sigma-Aldrich Chemie
GmbH, Taufkirchen, Germany) 25 mg/kg was
applied intraperitoneally prior to 45 minutes of
IR application24. A previous study had reported
TQ to be adequate if administered 30 minutes
prior to IR application25.
α-TP group: A single dose of alpha-tocopherol
acetate (Evigen; Aksu Farma Company, Istan-

bul, Turkey) at 200 mg/kg was applied intraperitoneally prior to 45 minutes of IR application26.
TQ plus α-TP group: A single dose of thymoquinone (25 mg/kg) and a single dose of alpha-tocopherol acetate (200 mg/kg) were applied intraperitoneally prior to 45 minutes of
IR application.
Experimental Procedures
With the exception of the control group, a
dose of 50 mg/kg ketamine (Ketalar, Pfizer
Limited, Sandwich, Kent, UK) and 10 mg/kg of
xylazine (Rompun, Bayer Inc., Toronto, Ontario, Canada) were given intraperitoneally to
all the other groups to induce anesthesia prior to
the application of IR. A tight tourniquet was
formed from a rubber material and connected to
the proximal of the left thighs of the rats, without drug application, to induce ischemia in
group two and to the other three groups after 45
minutes, with drug application 27,28. Ischemia
was accepted if there were cyanosis, deficits of
pulses and absence of microcirculation of the
left extremities of the rats. A mini-manual
Doppler device (Datascope HNE vascular
Doppler, Huntleigh Healthcare Inc., Eatontown,
NJ, USA) was used to confirm the presence of
ischemic injury when there was suspicious circulation. After 90 minutes of ischemia application, the tourniquet was removed, and the ischemia was terminated; reperfusion was maintained for 90 minutes. After the application of
IR, all the rats were put into their cages, kept in
the same environment and were fed the same
food and water. After one week of IR application, all the groups, including the control group,
were taken into the operating room. After maintaining anesthesia by giving 50 mg/kg of ketamine intraperitoneally to all the rats, their abdomens were opened, and blood samples were
drawn from the aorta for biochemical analysis.
After being sacrificed, the left thigh and tibia
regions of the animals were opened, and muscle
samples were taken from the distal of the
quadriceps and gastrocnemius muscles. Muscle
samples taken for biochemical analysis were
kept in a phosphate buffer, and muscle samples
taken for histopathologic investigation were
kept in formaldehyde. The sciatic nerve was
dissected, and nervous tissue was then taken
from its distal part and kept in formaldehyde for
histopathologic instigation. Serum samples taken to measure biochemical parameters were
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centrifuged, followed by storage with the muscle samples at -80 C0 until biochemical analysis
was performed.
Tissue Homogenates
The samples were homogenized in PBS at pH
7.4 and centrifuged at 10,000 g for 20 minutes.
Supernatants were taken, and aliquots were put
into tubes. They were stored at -80°C. The parameters were studied within one month.
Protein Measurement
Tissue homogenate protein levels were measured using the Lowry et al protocol 29. This
method is based on two reactions: 1) the Biuret reaction, in which the peptide bonds of proteins react with copper under alkaline conditions to produce Cu+, which reacts with the Folin reagent, and
2) the Folin-Ciocalteau reaction.
Serum and Tissue MDA Levels
MDA levels in the serum and muscle tissues
of the animals were measured using the Draper
and Hadley double heating method30. The basic
principle of this method is to use a spectrophotometer to measure the color changes after using
thiobarbituric acid (TBA) (Sigma-Aldrich
Chemie GmbH, Taufkirchen, Germany) with
MDA. The measured MDA level was given as
µmol/L. Its level was re-calculated, according to
the protein level of muscle tissues, and the final
results were given as nmol/mg protein.
IL-6 Measurement
The IL-6 level was measured using the enzyme-linked immunosorbent assay (ELISA)
method via an IL-6 ELISA rat kit (eBioscience,
Vienna, Austria).
Absorbance was measured at a wavelength of
450 ηm using an ELISA reader. The intra-assay
and inter-assay coefficient of variation were <5%
and <10%, respectively. The sensitivity of the
IL-6 assay was 12 pg/ml. The serum level of the
IL-6 was given as pg/ml.
The IL-6 levels of muscle tissues were divided
into protein levels, and the results for the levels of
the muscle tissues were given as pg/ng protein.
Serum and Tissue GSH Measurements
The level of GSH in the serum and muscle
tissue samples of the rats were measured using
Ellman’s method. Serum and tissue samples
were homogenized and deproteinized31. The basic principle of this method is to use a spec1194

trophotometer to measure the absorbance of the
color complexes at 412 nm, which formed after
the reaction of Ellman’s color reagent (DTNB
40% w/v, in 1% sodium citrate) (Sigma-Aldrich
Chemie GmbH, Taufkirchen, Germany) with a
supernatant. The serum GSH levels were given
as µmol/L, and the GSH levels of the muscles
were given as µmol/mg protein.
Histopathologic Method
After being fixed in 10% neutral formaldehyde for 24 hours, muscle and nerve tissues
were washed under running water for 8 hours
and embedded in liquid paraffin. Tissues were
cut into 3 μm thicknesses for immunohistochemical (IHC) staining and into 4 μm thicknesses for hematoxylin-eosin (H&E) staining.
These sections were allowed to stay in xylene
for 20 minutes before applying an alcohol series (50-100%). The sections were put into an
H 2 O 2 solution for 10 minutes. After being
washed with a phosphate buffered solution
(PBS), the sections were heated by 800W for 45 minutes in a citrate buffer solution. The sections were then put into a blocker substance for
20 minutes. The primary antibodies were diluted as follows: anti-caspase-3 (ab4051, Abcam
Plc, Cambridge, UK) to 1/100 and applied for
75 minutes and anti-nNOS (ab1376, Abcam
Plc, Cambridge, UK) to 1/300 and applied for
75 minutes. The slides were rinsed, and a biotinylated secondary antibody (Universal
LSAB Kit-K0690, Dako, Denmark) was used
for 30 minutes. The sections were then incubated with streptavidin–horseradish peroxidase
(HRP) (Universal LSAB Kit-K0690, Dako,
Denmark). A diaminobenzidine solution was
used as a chromogen, and the sections were
counterstained with Mayer’s hematoxylin for
3–5 minutes. PBS was used as a negative control. The treated sections were then mounted
with Entellan (Code107960, Merck, Darmstadt,
Germany) and examined under a light microscope. Employing a blind evaluation protocol
performed by a histologist and a pathologist,
anti-caspase-3 and anti-nNOS immunoreactivities were divided into four categories according
to the percentage of immunopositive reaction
areas of the tissues: weak (+), mild (++), moderate (+++) and severe (++++). The blocked tissues were cut into 4μm-thick sections before
being stained by H&E. The sections were examined under a light microscope (BX51; Olympus, Tokyo, Japan) and photographed at rele-

TQ and α-TP may protect the sciatic nerve and femoral muscle
Table I. The levels of malondialdehyde, interleukin-6 and reduced glutathione in all groups.
IR
Serum MDA (μmol/l)
Serum IL-6 (pg/ml)
Serum GSH (μmol/ml)
Muscle MDA (μmol/μg protein)
Muscle IL-6 (pg/ng protein)
Muscle GSH (μmol/ng protein)

0.44±0.07
79.7±17.9
198.3±59.3
12.0±1.7
203.7±41.5
38.7±10.1

α-TP
0.33±0.3b,E,f
48.7±16.9a
262.6±48.3
8.0±2.5w
157.7±30.1¥,β,#
62.0±6.1

TQ

TQ plus α-TP

Control

0.22±0.1a
45.1±13.4a
289.8±101.9
7.6±1.5x
121.9±23.0a
62.9±16.3≠

0.21±0.02a
36.5±6.4a
361.2±75.4a
6.3±1.8a
104.3±5.5a
77.3±18.4w

0.28±0.06a
39.1±6.5a
407.6±95.3a
5.6±2.8a
102.5±31.9a,¶
81.4±35.2a

Abbreviations: MDA, malondialdehyde; IL-6, interleukin-6; GSH, reduced glutathione; IR, ischemia-reperfusion; α-TP, alpha-tocopherol; TQ, thymoquinone.
a
p<0.001, xp=0.002, wp=0.003, bp=0.008 , ¥p=0.011, ≠p=0.046 vs. IR group. Ep=0.013, βp=0.043 vs. TQ group. #p=0.004,
f
p=0.006 vs. TQ plus α-TP group. ¶p=0.003 vs. α-TP group.

vant magnifications (X400) with a digital camera (DP72; Olympus, Tokyo, Japan).
Statistical Analysis
All statistical analysis were performed with
SPSS (Statistical Package for the Social Sciences, version 18, Chicago, IL, USA). The results were given as mean±SD. The analysis of
the biochemical parameters of both the serum
and muscle tissue were analyzed using a OneWay ANOVA test with Bonferroni post hoc
analysis. A Mann-Whitney U test was used for
the analysis of histologic data. A p level of <0.05
was considered to be significant.

Results
Biochemical Parameters
Serum MDA and IL-6 levels of the IR group
were significantly higher than those of the other
four groups (for MDA: control [p<0.001], TQ
[p<0.001], α-TP [p=0.008] and TQ plus α-TP
[p<0.001]; for IL-6: all p<0.001, respectively). The
GSH level of the IR group was significantly lower
than that of the control and TQ plus α-TP groups
(p<0.001, p<0.001, respectively). The MDA and
IL-6 muscle tissue levels of the IR group were significantly higher than those of the other four groups
(For MDA: control [p<0.001], TQ [p=0.002], αTP [p=0.003] and TQ plus α-TP [p<0.001]; for L6: control [p<0.001], TQ [p<0.001], α-TP
[p=0.003] and TQ plus α-TP [p<0.001], respectively). The IL-6 level of the α-TP group was observed to be higher than that of the TQ and TQ plus
α-TP groups. The GSH level of the IR group was
significantly lower than that of the control
(p<0.001) and TQ plus α-TP groups (p=0.003). All
biochemical results are given in Table I.

Histopathologic Parameters
The sciatic nerve of the IR group was observed
to have mild lymphocytic infiltration in the
epineurium, intensive axonal degeneration, intensive dilatations and edema. There was a moderate
degeneration observed in the epineurium of the
nerve samples of only two animals (20%).
The investigation revealed that, while there
was vacuolization (head of the arrow) of the axons, vacuolization was increased in edematous
regions, tissue integrity was impaired (75%) and
a structure similar to partial degeneration was
observed (Figure 1A).
Histopathologic investigation of the muscle
tissues showed that ischemia had caused severe
impairment of the integrity of fibrils, some regions to be stained intensively eosinophilic, cellular boundaries to have disappeared and myolysis structures to be formed. Cellular nuclei were
observed to be swollen in the regions of fibrillar
degeneration; due to these swollen nuclei, there
were scattered vocalizations and deformations.
While there was fibrosis of the perimysium
around some muscle fibers (35%), the rate of fibrosis of endomysium in the interior regions was
observed to be higher (75%) (Figure 2A). While
there were dilatations surrounding the epineurium of the α-TP group, they were found to be
lower than those of the IR group.
The dilatations within the nerve were observed
to be low. However, the regions of axons close to
these dilatations had mild degenerations (Figure
1B). The histopathologic investigation of the
muscles of this group showed the muscles to be
partially protected from ischemia by α-TP. Even
though the lymphocytic infiltrations, especially in
the regions with dilatations and edema, were not
obvious, they were found to be present more often in the regions closest to the skin (Figure 2A).
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Figure 1. Histopathological examination of the sciatic nerve tissue and its branches, A, IR group; A, αTP group, C, TQ group, D, TQ plus α-TP group, di:
dilatation, e: edema, v: vacuolization, arrowhead;
axon degeneration, H&E stain, (×400).

Figure 2. Histopathological examination of the
femoral muscle tissue, A, IR group; B, α-TP group,
C, TQ group, D, TQ plus α-TP group, di: dilatation,
e: edema, v: vacuolization, arrowhead; axon degeneration, H&E stain, (×400).
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Table II. The results of histopathological parameters in all groups.
Muscle
edema
IR
α-TP
TQ
TQ plus α-TP
Control

3.00±0.57
1.00±0.71a
1.00±0.70a
1.00±0.44a,g
0.33±0.51a,m

Lymphocytes
infiltration
in muscle

Vacuolization
in muscle

3.00±0.47
2.00±0.70b
2.00±0.71b
1.00±0.50a,f,k
0.50±0.54a,R

4.00±0.48
3.00±0.32e
1.00±0.71a,f
1.00±0.73a,f
0.33±0.51a,m

Axonal
degeneration
4.00±0.52
3.00±0.52w
2.50±0.70u
2.00±0.71a,¥
1.00±0.52a,f,m,≠,¶

Myelin
degeneration

Dilatation
of the nerve

3.00±0.67
2.00±0.48a
2.00±0.00a
1.00±0.73a,¥,#
0.00±0.50a,f,≠,¶

4.00±0.71
2.50±0.70x
3.00±0.00b
2.00±0.33a,k
0.00±0.40a,f,≠,¶

Abbreviations: IR, ischemia-reperfusion; α-TP, alpha-tocopherol; TQ, thymoquinone. ap<0.001, up=0.002, wp=0.005,
e
p=0.008, xp=0.014, bp=0.024 vs. IR group. fp<0.001, ¥p=0.002, gp=0.040 vs. α-TP group. ¶p<0.001, kp=0.002, #p=0.003 vs.
TQ group. ≠p<0.001, mp=0.003, Rp=0.006 vs. TQ plus α-TP group.

Even though the histopathologic findings of the
TQ and α-TP groups were similar, the integrity of
nerve tissues of the TQ group was preserved; the
degenerations of axon and myelin were lower
than those in the IR group (Figure 1C).
The investigation of muscle tissue of the TQ
group revealed mild edema and degenerations of
myositis. However, the integrity of the tissue was
found to be unimpaired.
The investigation of the TQ plus α-TP group
showed the nerve tissues to be similar to those of
the control group, the dilatations’ regions to be
similar to the other application groups and the

edematous tissues to be increased, starting from
the perineural regions (Figure 1D).
Additionally, the lymphocytic infiltration of
the muscles was found to be lower, and the regions with edema and dilatations were similar to
the other groups (Figure 2D).
All the histopathologic evaluation results are
given in Table II.
Immunohistochemistry Stain
The nNOS activity of the sciatic nerve tissues
of the IR group was significantly lower than that
of the control, TQ and TQ plus α-TP groups

Figure 3. Histopathological examination of the sciatic nerve tissue and its branches by immunohistochemical methods, A: IR group; B; α-TP group, C:
TQ group, D: TQ plus α-TP group, arrowhead;
dense immunoreactivity, arrow; mild immunoreactivity, Anti-nNOS stain, (×400).
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Figure 4. Histopathological examination of the
femoral muscle tissue by immunohistochemical
methods, A, IR group; B, α-TP group, C, TQ group,
D: TQ plus α-TP group, arrowhead; dense immunoreactivity, arrow; mild immunoreactivity, AntiCaspase-3 stain, (×400).

(Control [p<0.001], TQ [p<0.001], α-TP
[p=0.007], TQ plus α-TP [p<0.001], respectively). The nNOS activity of the TQ plus α-TP
group was significantly higher than that of both
the α-TP and TQ groups (Figure 3). Caspase-3
activity of the muscle tissues of the IR group was
significantly higher than in the other four groups
(Control [p<0.001], TQ [p=0.001], α-TP
[p=0.002], TQ plus α-TP [p<0.001], respectiveTable III. The results of immunohistochemistry stain in
muscle and sciatic nerve.
Anti-nNOS
antibody in sciatic
nerve
IR
α-TP
TQ
TQ plus α-TP
Control

1.00±0.67
2.00±0.67a
2.50±0.53E,g
3.00±0.50E,k,u
4.00±0.50E,R,x,w

Anti-Caspase-3
antibody
in muscle
3.00±0.67
2.00±0.57b
2.00±0.67f
1.00±0.33E,m,#
0.00±0.40E,R,x,¥

Abbreviations: IR, ischemia-reperfusion; α-TP, alpha-tocopherol; TQ, thymoquinone. Ep<0.001, fp=0.001 ap=0.007,
b
p=0.002 vs. IR group. Rp<0.001, mp=0.001, kp=0.006,
g
p=0.013 vs. α-TP group. xp<0.001, #p=0.003, up=0.030 vs.
TQ group. wp=0.002, ¥p=0.016 vs. TQ plus α-TP group.
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ly). Caspase-3 of the TQ plus α-TP group was
significantly lower than that of the α-TP and TQ
groups (Figure 4). All immunohistochemical results are given in Table III.

Discussion
In this study, we found that TQ protected the
sciatic nerve and muscle tissues against IR injury
more prominently in the TQ plus α-TP applied
group. This is the first study to show that TQ and
TQ plus α-TP protect the sciatic nerve and local
muscle tissues against IR injury. A previous
study had shown that TQ prevents muscle tissue
damage during IR of a lower limb by decreasing
lipid peroxidation in local muscle tissues and increasing antioxidant capacity16. However, that
study was very different from ours. We evaluated
muscle and nerve tissues immunohistochemically
and found TQ to prevent IR injury by decreasing
caspase-3 activity in muscle tissues and increasing nNOS in nerve tissues.
Peripheral nerve damage, especially sciatic
nerve injury, is still an important problem for
clinicians. Lipids, the major component of
myelin fibers, allow nerves to become easily in-
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jured due to impaired oxygenation of the tissues
during the ischemic stage of IR, which then leads
to excess ROS formation and lipid peroxidation32. Nucleotide oxidation and protein carbonylation, due to excessive ROS formation, are responsible for nerve injury. The production of
proinflammatory cytokines increases during the
reperfusion stage, leading to further increases in
ROS formation33. Elevated ROS and cytokine
levels directly activate the caspase enzyme pathway, which induces apoptosis and leads to cellular death34. TQ, which is one of the active compounds of Nigella sativa, has been reported to be
an antioxidant, immune regulator and to have an
antineoplastic effect. TQ is also known to decrease ROS formation, to have a protective effect
in the antioxidant defense system and to prevent
lipid peroxidation8-10. Experimental IR models
have shown TQ to have renal, ovarian and testicular tissue protective and neuroprotective effects
by significantly decreasing ROS lipid peroxidation and increasing the antioxidant enzyme system such as in glutathione peroxidase12,13,16,35,36.
Moreover, in a study of systemic IR injury performed by clamping the abdominal aorta, TQ
was reported to have a protective effect on many
tissues by increasing the total antioxidant capacity and significantly decreasing ROS formation14.
Glutathione is an important reductive and antioxidant agent of the organism; it maintains oxidative-reduction balance in the cell and thus prevents the cell from endogenous and exogenous
harmful substances4,5. Elevated superoxide and
hydrogen radicals increase ROS formation by
lowering the GSH level. Normally, GSH is oxidized to glutathione by glutathione reductase.
Thus, a decrease in GSH indirectly indicates low
glutathione peroxidase activity37. TQ has been
reported to have a tissue injury lowering effect
by preventing a decrease in the level of GSH and
decreasing lipid peroxidation and oxidative stress
during renal and gastric IR injury 15,38. In our
study, while serum and muscle tissue levels of
MDA – a good marker for lipid peroxidation – of
the IR group were higher than in the other
groups, the GSH levels of the IR group were
lower than in the other groups. ROS formation
was found to be suppressed, and the antioxidant
system was found to be preserved in the TQ plus
α-TP group. This effect in both the TQ and α-TP
groups was found to be lower than in the TQ plus
α-TP group.
IL-6, a major cytokine with a pleiotropic effect, maintains cytokine balance. Excessive pro-

duction of IL-6 stimulates the production of other proinflammatory cytokines39. Excessive cytokine production increases ROS formation and
simultaneously stimulates a direct caspase pathway, which leads to apoptosis and cellular
death40. TQ is known to prevent immune damage
by decreasing the levels of many proinflammatory cytokines such as IL-641,42. In this study, the
IL-6 levels in serum and muscle tissues of the IR
group were significantly higher than what was
found in the other groups. While the IL-6 level of
the TQ group was lower than that of the α-TP
group, its level of TQ plus α-TP was similar to
that of the control group. The decrease in the
nNOS level of nervous tissue during IR leads to
low production of NO 43. NO is essential for
nerve regeneration and cell survival44. Low NO
activity of vasa nervorum in nerve tissues leads
to nutritional supplement impairment via vasoconstriction, which is why nNOS has potent neuroprotective activity 45. The production of NO
may increase during IR injury, and excessive release of NO leads to neural injury by the formation of peroxynitrite radicals46. Both TQ and αTP regulate NOS activity during IR and prevent
IR injury by regulating both the increase and decrease in the NOS level38,47,48. In this study, while
lipid peroxidation and ROS of the sciatic nerve
of IR were significantly increased, nNOS activities of the TQ and α-TP groups were significantly higher than those of the control group. The
nNOS activity of the TQ plus α-TP group was
higher than that of the TQ and α-TP groups. The
nNOS activity of the TQ and plus α-TP groups
was significantly higher than that of the IR
group. However, histopathologic investigation of
the sciatic nerve tissue showed that it had prevented any IR injury of nerve tissues of the TQ
and plus α-TP groups to a greater extent than
that of the IR group. Both TQ and α-TP may increase nNOS activity and NO formation, which
may protect the organism against increased ROS.
Thus, they may show a neuroprotective effect by
maintaining the NO-related vasodilatation in the
vasa nervorum of the sciatic nerve. The application of both TQ and α-TP together may lead to a
more powerful neuroprotective effect due to the
synergistic effect of nNOS. TQ and α-TP were
reported to decrease caspase-3 activity and apoptosis9,49. The hepatic IR model has shown TQ to
decrease hepatic tissue injury by decreasing ROS
formation and the activities of caspase 3, 8 and
950. In our study, we found caspase-3 activity and
its histologic damage of muscle tissues to be sig1199

A. Erkut, M.C. Cure, Y. Kalkan, M.S. Balik, Y. Guvercin, E. Yaprak, S. Yuce, I. Sehitoglu, E. Cure

nificantly high in the IR group. Caspase-3 activity and histopathologic injury were significantly
low in the TQ and α-TP groups. The anti-apoptotic effect of the TQ plus α-TP group was found
to be higher.

Conclusions
TQ and α-TP are substances with potent antiinflammatory, antioxidant and anti-apoptotic effects. Both TQ and α-TP may have similar protective effects in muscle and nerve tissues
against IR injury during IR of a lower limb. The
application of TQ and α-TP in combination may
further protect muscle and nerve tissues against
IR injury by their synergistic effect.
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