EXPERIMENTAL STUDY

The acute effects of thymoquinone on acute peripheral
nerve injury: an experimental study

ismail Giilsen, M.D.,' Hakan Ak, M.D.,2 Mikail Kara, M.D.,* Abdulsemat Gokalp, M.D.,*
Veysel Akyol, M.D.,® Omer Faruk Kogak, M.D.,5 Murat Getin Ragbetli, M.D.?

'Department of Neurosurgery, Yizincl Yil University Faculty of Medicine, Van-Turkey

2Department of Neurosurgery, Bozok University Faculty of Medicine, Yozgat- Turkey

3Department of Histology, Yizlncl Yil University Faculty of Medicine, Van-Turkey

“‘Department of Neurosurgery, Tatvan State Hospital, Bitlis- Turkey

SDepartment of Plastic and Reconstructive Surgery, Ylziincu Yil University Faculty of Medicine, Van-Turkey

ABSTRACT

BACKGROUND: The purpose of this study was to evaluate the acute effects of thymoquinone (TQ) on acute nerve injury.

METHODS: A rat model of crush injury of the sciatic nerve was used. Animals were divided into 3 groups: control, trauma, and
TQ treatment groups (n=6 per group). Seven days after injury, sciatic nerve specimens were obtained from the site of the injury and
analyzed histologically and stereologically. Axon diameter, myelin thickness, and axon density were measured.

RESULTS: There were no significant differences in axon diameter, myelin thickness, or axon density among groups.

CONCLUSION: TQ has no acute therapeutic effect on acute nerve injury.
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INTRODUCTION

The management of acute peripheral nerve injury is unsatis-
factory, particularly in patients who are not good candidates
for surgery. Levels of free oxygen radicals increase after pe-
ripheral nerve injury due to tissue destruction, which leads
to further tissue damage. In order to better treat acute pe-
ripheral nerve injury, several chemical agents with antioxi-
dant effects have been evaluated for their ability to inhibit
this cascade.l'”]

Thymogquinone (TQ, CIOHI202, 2-isopropyl-5-methyl-
benzo-1,4-quinone) is a bioactive phytochemical compound
found in the seeds of Nigella sativa.[*’! Several studies have re-
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ported that it exhibits anticarcinogenic, antioxidant, anti-in-
flammatory, and antiepileptic properties.l”! However, studies
analyzing the effects of TQ on the peripheral nervous system
have focused only on models of neuropathic pain.l'*''l To the
best of our knowledge, no studies have assessed therapeutic
effects of TQ on peripheral nerves following an acute crush
injury.

The aim of the present study was to evaluate the acute ef-
fects of TQ on the sciatic nerve following an acute crush in-
jury using histological and stereological methods.

MATERIALS AND METHODS

This study was performed after receiving approval from the
ethics committee on use of laboratory animals of Yiziinci
Yil University (YUHADYEK; date: 09/05/2014; approval num-
ber: 2014/10). Female adult Wistar albino rats (n=18) weigh-
ing 250+20 g were divided into 3 groups of 6 animals. All
animals were weighed before the operation and before sac-
rifice. For anesthesia, 8 mg ketamine (Alfamine 10%; Alfasan
International BV, Woerden, Netherlands) and | mg xylazine
per 100 g body weight (Alfazyne 2%; Alfasan International
BV, Woerden, Netherlands) were administered intraperito-
neally. Surgery was performed on the left sciatic nerve of all
animals.
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Control group (n=6) underwent only sciatic nerve dissection.
In the acute crush model group (n=6), the sciatic nerve was
dissected and then clamped for 30 seconds using medium
pressure aneurysm clip. TQ treatment group (n=6) under-
went the same surgical procedure as the acute crush model
group and were injected intraperitoneally with 5 mg/kg/day
TQ for 7 days. On day 8, all animals were sacrificed, and the
sciatic nerve was excised approximately 5 mm proximal and
distal from the lesion at the site of injury. TQ, thiobarbituric
acid, Ellman’s reagent (DTNB, 5-5’-dithiobis-[2-nitrobenzoic
acid]) and bovine serum albumin were purchased from Sigma
Chemical Co. (St. Louis, MO, USA).

Histology and Stereology

For the stereological analysis, the left sciatic nerve of each
animal was exposed, and nerve segment 4 mm in length was
carefully removed. Segments were cut into blocks of equal
length and then fixed using 2.5% glutaraldehyde in 0.1 M sodi-
um cacodylate buffer (pH 7.4) for 20 hours. After fixation, tis-
sues were rinsed twice in sodium cacodylate buffer, and then
postfixed in 1% osmium tetroxide for 1'2 hours. Peripheral
nerves were dehydrated in an ascending alcohol series, placed
in propylene oxide twice, and embedded in epoxy resin. For
light microscopy, semi-thin sections of 750 nm were obtained
using an Ultracut UCT ultramicrotome (Leica Microsystems
GmbH, Wetzler, Germany) and then stained with modified
toluidine blue solution (I % toluidine blue and 2% borate in dis-
tilled water).l'>!3] Researchers blinded to the groups analyzed
the peripheral nerves stereologically according to method de-
scribed by Turgut et al.l'¥ Only | section was obtained from
each sciatic nerve. An unbiased counting frame sized 2500
pm2 was used. Area sampling of sciatic nerve section was
done with a 1/6 proportion and systematic random sampling
steps. Cross-sections of all axon profiles were sampled, re-
gardless of their shape. A light microscope (BX53F; Olympus
Corp., Tokyo, Japan) with a CCD color video camera (JVC/
Victor Company of Japan, Ltd, Yokohama, Japan) was used at
a magnification of 1000 (%100 oil objective; N.A.: 1.25). To-
tal axon number in each peripheral nerve was estimated by
normalizing the number of axons counted in entire area. Un-
biased disector/Cavalieri combination stereological method
was used, which is advantageous in that it is influenced less
by technical artifacts and section thickness (Figure 1).') The
following formula was used to assess axon numbers:

_ alp
N:Q—xZkax

a (frame) ’

N=total axon number density, O—=the mean axon number,
Y P=the total point number, k=the section sequence, a/p=the
point area, and a,___=the frame area counted.

(frame)

Statistical Analysis

Shapiro-Wilk test and Levene’s test were used to test nor-
mality and homogeneity of the data. One-way analysis of vari-
ance was used to compare continuous variables. Values were
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Figure 1. A section of the sciatic nerve (x10 magnification).

expressed as frequency and percentage, meantstandard de-
viation, or median and interquartile range. Statistical analyses
were performed using SPSS version 15.0 (SPSS Inc., Chicago, IL,
USA), and the level of statistical significance was set at p<0.05.

RESULTS

Mean axon diameters were 3.60 um (range: 3.2-3.86 um), 4.41
pm (range: 4.0-5.15 pm), and 4.40 pm (range: 3.53-5.06 pm)
in the control, trauma, and TQ groups, respectively. There
was a statistically significant difference between control and
trauma groups (p=0.013). A similar significant difference was
observed between control and TQ groups (p=0.014). How-
ever, there was no statistically significant difference between
trauma and TQ groups (p=0.99).

Mean myelin thickness was .31 pm (range: 1.0—1.7 pm), 1.6l
pm (range: 1.45-1.75 pm), and 1.87 pm (range: 1.45-2.27

Table I. Axon diameter;, myelin thickness, and axon density
Group n MeantSD
Axon diameter Group | 6 3.60£0.24
Group 2 6 4.41+0.44
Group 3 6 4.40+0.53
Total 18 4.13+0.55
Myelin thickness Group | 6 1.31£0.22
Group 2 6 1.61+0.11
Group 3 6 1.87+0.30
Total 18 1.60+0.31
Axon density Group | 6 563£120
Group 2 6 801+160
Group 3 6 805+140
Total 18 635116
SD: Standard deviation.
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Table 2. Results of the statistical analyses performed
Groups P
Axon diameter | 2 0.013
3 0.014
2 | 0.013
3 0.999
3 | 0.014
2 0.999
Myelin thickness | 2 0.087
3 0.002
2 | 0.087
3 0.154
3 | 0.002
2 0.154
Axon density | 2 0.152
3 0.981
2 | 0.152
3 0.111
3 | 0.981
2 0.1

um) in control, trauma, and TQ groups, respectively. There
was no statistically significant difference between control and
trauma groups; slight increase observed in trauma group was
likely due to an edematous effect (p=0.087). Although there
was a statistically significant difference between control and
TQ groups (p=0.002), there was no statistically significant dif-
ference between trauma and TQ groups (p=0.15).

Axon density was 563 (range: 243-887), 801 (range: 497-
956), and 805 (range: 400-960) in control, trauma, and TQ
groups, respectively. There were no statistically significant dif-

¥

Figure 2. Micrographs of a cross-section of the trauma-inflicted
area of the sciatic nerve. Images revealed vacuolization of myelin
sheath. Toluidine blue staining is shown (scale bar=10 ym).
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ferences between control and trauma groups or control and
TQ groups (p=0.15 and 0.98, respectively). Similarly, there
was no significant difference between trauma and TQ groups
(p=0.11) (Table | and 2). Neuronal degeneration rates were
80%, 90%, and 90% in control, trauma, and TQ groups, re-
spectively. There was no statistically significant difference be-
tween trauma and TQ groups (Figures 2—4).

DISCUSSION

The present study demonstrated that TQ has no therapeutic
effect on acute peripheral nerve injury. Previous studies re-
ported that TQ was a promising agent because of its anticar-
cinogenic, antioxidant, and antiepileptic properties.*® Thera-
peutic effects of TQ have been evaluated in a wide variety of
different systems, including lipid and cholesterol metabolism,
glucose metabolism (antidiabetic), and the gastrointestinal,
circulatory, and peripheral nervous systems, as well as its an-
tioxidant and anticarcinogenic effects.

- -
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Figure 3. Micrographs of a cross-section of the sciatic nerve in the
sham group; the myelin sheaths were intact. Toluidine blue staining
is shown (magnification x100, oil immersion).

2 Q * A
Figure 4. Micrographs of a cross-section of the sciatic nerve in the
TQ group; the myelin sheath exhibits vacuolization and degenera-
tion (black arrow). Toluidine blue staining is shown (magnification
%100, oil immersion; scale bar=10 pm).
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Regarding lipid and cholesterol metabolism, TQ decreases
levels of total cholesterol and low-density lipoprotein and
increases the level of high-density lipoprotein; therefore, it
reduces the risk of cardiovascular disease development.l'>!¢]

Effects of TQ on glucose metabolism have been reported in
various studies, but the data are conflicting. For example,
Hawsawi et al. reported that TQ reduces blood glucose levels
in normal rats,!'” and similar results were reported in normal
and alloxan-induced diabetic rabbits, alloxan-induced diabetic
rats, and human subjects.l'®21 However, 2 different studies
reported that TQ did not change fasting blood glucose lev-
els significantly in normal or streptozotocin-induced diabetic
rats.223] Although the reason for these differing effects is
unclear; TQ might cause hypoglycemia in 2 ways. First, it in-
creases glucose usage by increasing insulin secretion. Second,
TQ might decrease hepatic gluconeogenesis.?*! In another
study, Kanter et al. reported that TQ had protective thera-
peutic effects on diabetes by decreasing oxidative stress and
preserving pancreatic B-cell integrity; therefore, the authors
concluded that TQ might be useful clinically for protecting
B-cells from oxidative stress.*"!

TQ exerts gastroprotective and hepatoprotective effects on
the gastrointestinal system. A previous study reported that
TQ could protect gastric mucosa from acute alcohol-induced
mucosal injury, and that this gastroprotective effect might be
induced by its radical-scavenging activity.?®! In addition, hepa-
toprotective effects of TQ against several hepatotoxic agents
have been reported, which were attributed to its antioxidant
activity.! |t was also reported that TQ could be used to
treat ethanol-induced hepatotoxicity because of its antioxi-
dant and anti-inflammatory effects.>"!

Several antioxidant effects of TQ have been reported. For
example, TQ is a potent scavenger of many reactive oxygen
species, including superoxide radicals and hydroxyl radicals. It
also inhibits the formation of free radicals by inhibiting the ac-
tivity of 5-lipoxygenase and 5-hidroxyicosatetraenoic acid.”3"

In the cardiovascular system, TQ dose-dependently decreased
arterial blood pressure and heart rate in a rat model.’? TQ
has also been reported to have anticarcinogenic effects by
blocking tumor cell progression via apoptosis of cells in Gl
phase of the cell cycle in breast, ovary, colorectal, osteosar-
coma, fibrosarcoma, lung, and prostate cancers.?*-"]

Effects of TQ on the peripheral nervous system were re-
ported in 3 studies.l'®!'l The first of these was performed in
an experimental streptozotocin-induced diabetic neuropathy
model. The authors reported that TQ improved ultrastruc-
tural features of axons remarkably.l'” In the second study,
Amin et al. used a rat model of chronic neuropathy and con-
cluded that TQ plays an anti-nociceptive role, possibly by
exerting antioxidant effects and inhibiting microglial activity.
' However, no published studies have assessed the acute ef-
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fects of TQ in a peripheral nerve model. Current histological
and stereological results suggest that TQ has no therapeutic
effect on acute nerve injury.

Conclusion

TQ has no beneficial acute effects on acute nerve injury, de-
spite its reported antioxidant and anti-inflammatory effects.
However, our results should be confirmed by large-scale ex-
perimental studies.
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DENEYSEL CALISMA - OZET

Timokinonun akut periferik sinir hasari iizerine akut etkisi: Deneysel bir ¢aligma
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AMAC: Bu galismanin amaci akut sinir hasarinda timokinonun akut dénem etkilerini degerlendirmektir.

GEREC VE YONTEM: Calisma sican sinirinde siyatik sinirde ezilme modeli gelistirilerek yapildi. Sicanlar kontrol, travma ve timokinon tedavi grubu
olmak lizere Ug gruba ayrildi (n=6). Sinir hasarindan yedi giin sonra hasar yerinden siyatik sinir doku 6rnekleri alindi. Bu doku 6rneklerinde histolojik
ve steryolojik calisma yapildi. Akson gapi, myelin kalinligi ve akson yogunluk dl¢timleri yapildi.

BULGULAR: Gruplar arasinda akson gapi, miyelin kalinligi ve akson yogunlugu bakimindan anlamli bir farklilik goriilmedi.

TARTISMA: Timokinon akut sinir hasari lizerinde akut donemde iyilestirici etkiye sahip degildir.

Anahtar sozciikler: Akson; akson yogunlugu; miyelin kalinlig; siyatik sinir; timokinon.
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