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Abstract:
Background and purpose: Peripheral nerve injury induces oxidative stress in lesioned neurons. Antioxidants remove excess free
radicals and participate in nerve repair. In this study, we assessed the antioxidative role of the metallothionein 1&2 molecules in

sciatic nerve repair in rats.

Materials and methods: The sciatic nerves of 40 rats were crushed and the total MRNA of samples from day 1 and 3 and week
1, 3, 5 post injury was extracted. The expression of the MT-1&2 genes was confirmed by RT-PCR. For immunohistochemistry

analysis, the samples were fixed in paraformaldehyde and cut in 20 micrometer slices by cryostat.

Results: The expression of MT-1&2 significantly up-regulated in day 1 and 3 following the crushing of sciatic nerves in comparison

with the intact nerves. Immunohistochemistry results also confirmed the protein expression of MT-1.

Conclusion: The metallothionein molecules showed up-regulation in the degeneration process after nerve injury, so it may play an

important role in nerve repair.
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Introduction seizures, stroke and neuronal degeneration (1). This
Increased production of reactive oxygen species condition play an important role in the pathogenesis of
(ROS) leading to oxidative stress. Oxidative stress peripheral nerve damage (2-6). During the first week
contributes to the neuropathophysilogy of several after injury to a peripheral nerve, Wallerian
neurodegenerative disorders as well as to trauma, degeneration in the distal nerve stump occurs and
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spontaneous regeneration with functional return can
be expected (5, 7). The distal nerve stump degenerate
rapidly within 1-2 days which is completed between 3
and 7 days after peripheral nerve trauma (8). In distal
segment of the crush site, axonal regeneration within
2-5 days after injury leading to good functional
recovery at 3-4 weeks and between 1-2 weeks after
nerve crush remyelination occures (7). Peripheral
nerve trauma leads to a complex series of molecular
and cellular events required for neuronal repair (9).
Following tissue injury, ROS and free radicals can
damage proteins, lipids, DNA and RNA (10, 11).
Neuronal tissue has a rich source of lipids and good
candidate for lipid peroxidation (LPQO) induced by
ROS (12). Malondialdehyde (MDA), an indicator of
lipid peroxidation, increases in various diseases and
peripheral nerve injuries (4, 6). Antioxidants are the
best candidates for prevention of oxidative damage
after peripheral nerve injury via intracellular free
radical scavenging (6, 11). The metallothioneins
(MTs), one of the stress protein induced by oxidative
stress, are small, low-molecular weight with zinc-
binding capacity that may help protect cells from ROS
both in vivo and in vitro (13-15). In mammals, the
metallothionein (MT) family have been subdivided
into four members, MT-1 to MT-4. MT1&2 are
expressed in most tissues, while MT-3and MT-4 are
expressed prominently in the CNS and in stratified
squamous epithelia, respectively (1, 16). In most
tissues, there isa correlation between MT-1 and MT-
2 (MT1 & 2) expression (13, 17); therefore referred to
generically as MT-1/-11 or MT-1/2 (1).
Metallothioneins are proteins with multiple functions
that MT-I/11 expression is upregulated in response to
injury (18). MT-1/-11 demonstrated an important role
in protection and regeneration of CNS in response to

injury; and in the knockout (KO) mice, oxidative
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stress and apoptosis are enhanced (13, 17, 19).
MT-1/-1

promotes regenerative sprouting, when added directly

Following injury, exogenous strongly
to injured neurons in culture (20). MTs play an
important role in protecting against free radicals for
treatment of stroke (21) and various human tumors
(22). A lot of experiments, have shown the several-
fold increasing synthesis of MT during oxidative stress
to protect the cells against free radicals (23). However,
little is known about the changes in mMRNA expression
of MT molecules that occur after injury of the
peripheral nerve.

So the goal of this study was to evaluate the expression
of MT-1 & 2 in different phases of degeneration and
regeneration of the sciatic nerves of rats following

crush injury.

Material and Methods

Sampling

Forty male Wistar rats weighing 200 to 250 g were
used according to the local guidelines of the
Experimental Animal Committee of the Animal
Sciences Center of the Bagiyatallah University of
Medical Sciences. The animals were housed three per
cage and provided with free access to rat food and
water. They were kept under constant laboratory
conditions of 22+2°C
illumination (12 hours each of light and darkness;
darkness beginning at 7:00 PM).

room temperature, and

All animals were anesthetized with ketamine
hydrochloride (90 mg/kg) and xylazine hydrochloride
(10 mg/kg). Their right gluteal regions were shaved
and cleaned with polyvidon-iodine. The right sciatic
nerve was then exposed at the mid-thigh without any
damage to the muscle tissue and crushed for 60 s using

a jeweler's forceps (no:5) (fig. 1)
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Site of crush

Figure 1. Crush site by jewelry forceps.

The crush level was marked on the muscle by a 5/0
non-absorbable silk suture, the incision was closed in
layers and antibiotic powder sprinkled externally to
prevent infection. The rats were then kept in individual
cages after surgery.

Subsequently, on the 1%t and 3" days and 1%, 3@ and 5™
weeks after injury, the crush level of the sciatic nerve
and 5 mm distal to it were harvested. In each group,
five samples were transferred in trizol and stored at -
80°C until RNA extraction, while three samples in

formalin were kept in the refrigerator for fixation.

RNA extraction

Total RNA was harvested in conformity with
manufacturer’s recommendations using trizol reagent
(Invitrogen, Carlsbad, CA). Briefly described, samples
were homogenized in trizol by mean of an ultrasonic
homogenator. After adding 200 pul chloroform (Merck,
Germany) and centrifuging at 12,000 rpm, RNA
containing homogenates in the agueous phase were
separated, and the same volume of isopropranol was
added. To avoid contamination with proteins, the
lowest fraction of the aqueous phase was not
incorporated into the total RNA sample. Following

centrifugation at 12,000 rpm, precipitated RNA was

dissolved in ethanol at 75% and centrifuged again at
7500 rpm. Isolated RNA was eluted in 20 uL. RNAase-
free water, and the quantity and integrity of RNA were
measuredby Nano Drop (ND-1000 UV - Vis

spectrophotometer).

Primer design
The primer sets for B-actin (control gene), MT_1A and
MT_2A are shown in Table 1.

Table 1. The primer sets for NGAL, and B-actin

Product Sequence(5’-3’) Annealing Size(bp)

Tempreture
)

Beta actin
forward primer 5’TCATGAAGATCCTCACCGAG 3’ 58°C 190bp
Beta actin
reverse primer 5 TTGCCAATGGTGATGACCTG 3’
MT-1A
forward primer 5" TGCCTTCTTGTCGCTTACAC 3* 64°C 242bp
MT-1A
reverse primer 5’ TCGTCACTTCAGGCACAGC 3’
MT-2A
forward primer 5’ TAGAACTCTGCAGCGATCTC 3° 65°C 216bp
MT-2A
reverse primer 5" TCCGAAGCCTCTTTGCAGAT 3°

cDNA synthesis and Semi quantitative RT-PCR

Aliquots of 500 ng total RNA were reverse-transcribed
to create first-strand complementary DNA by
superscript 111 reverse-transcriptase  (Invitrogen)
according to the manufacturer’s protocol. The
resulting 1 pL of cDNA was validated with PCR in a
volume of 25 mL containing 2.5 pL buffer (10x
Cinagene, Tehran, Iran), 10 pM deoxynucleoside
triphosphate, 0.3 uL rTq polymerase (Cinagene,
Tehran, Iran), 10 pM forward primer and10 pM
reverse primer . PCR was carried out in the same
solution with heat held at 94°c for 3 min, denaturation
at 94°c for 30 sec, and annealing at 64°C, 65°C and
58°C for MT-1, MT-2 and B-actin, respectively, for 30
sec, extension at 72°C for 1 min (35 cycle), terminal
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extension at 72°c for 5 min, and a terminal hold at 4°C.
PCR products were separated by Y,°% agarose gel
electrophoresis, and the quantity of the bands was
visually detectable under UV light after dying with
ethidium bromide. All results were normalized with p-
actin expression to compensate for differences in
cDNA amount. Image analysis (using Scion Image
software) was done to obtain quantitative data. (Scion

Corporation, Frederick, MD)

Immunohistochemistry

Details of the immunohistochemistry are already
described elsewhere (24). In brief, sciatic nerve
samples  were placed in 4%  buffered
paraformaldehyde for fixation.

After immersion overnight in phosphate buffer
containing 30% sucrose, 20 um thickness sections
were cut on a cryostat (Histo line, Italia) and incubated
with MT-1 antibodies (1:200 dilution in phosphate
buffer) for 12 h at 4°C. The antibody used in this study
were mouse monoclonal 1gG1 antibody raised against
recombinant MT_1 of rat source (Abcam, UK) at a
dilution of 1:200. After incubation with the primary
antibody, the sections were washed with PBS and
incubated with biotinylated anti-mouse secondary
antibody (Santa Cruz Biotechnology, Inc, USA).
Antigen-antibody reaction sites were detectable using
an ABC complex (avidinbiotinylated peroxidase
complex) system (Vector Laboratory, Burlingame,
CA, USA) with 3,3'-Diaminobenzidine (DAB) as a
substrate. For the negative control, phosphate-buffered

saline (PBS) was substituted for the primary antibody.

Statistical analysis
Data were analyzed by two-way analysis of variance)
ANOVA) followed by a Bonferroni’s post-test for

multiple comparisons (using SPSS version 13). A
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level of P < 0.05 was considered statistically

significant and all results expressed as means + SD.

Results

Gene expression evaluation of MT-1 & 2

Figure 2 shows the gene expression of MT-1 (Fig.2A),
B-actin (Fig2.B) and MT-2 (Fig2. C) in normal and

crushed sciatic nerve samples obtained from
semiquantitative RT-PCR.
control | dayl | day3 | weekl | week3 | week5

M12345 12345 12345123451234512345

Figure 2. Gene expression of MT-1A, B-actin and MT-2A in
normal (control) and crushed sciatic nerve samples
measured by semiquantitative RT-PCR. A) Gene expression
of MT-1A in normal (control) and crushed sciatic nerve
samples: Lane M shows DNA ladder (100 bp). Lanes after
M, show 5 samples of control, day 1, day 3, week 1, week 3
and week 5 after injury, respectively. B) Gene expression of
B-actin in normal (control) and crushed sciatic nerve
samples. Lane M shows DNA ladder (50 bp). Lanes after M,
show 5 samples of control, day 1, day 3, week 1, week 3 and
week 5 after injury, respectively. C) Gene expression of MT-
2A in normal (control) and crushed sciatic nerve samples:
Lane M shows DNA ladder (100 bp). Lanes after M, show 5
samples of control, day 1, day 3, week 1, week 3 and week

5 after injury, respectively.

To obtain quantitative data, image analysis was carried
out using Scion Image software. For normalization
with B-actin expression to compensate for differences

in the cDNA amount, gene expression of NGAL
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amount / gene expression of [-actin amount in all
samples was calculated. Also, the mean+SEM of five
samples in each group was calculated (Table 2).
Table.2- Mean (NGAL/B-actin) £ SEM in groups.

Group Mean(MT-2/B-actin)+SEM Mean(MT-1/B-actin)+*SEM
Control 2.56+0.11 2.03+0.04
Day 1 3.50+0.04 2.82+0.02
Day 3 3.71+0.12 2.89+0.05
Week 1 2.82+0.05 2.13+0.03
Week 3 2.77+0.01 2.13+0.02
Week 5 2.58+0.04 2.63+0.01

Figure 3. shows the statistical analysis of groups for
MT-1A gene, respectively. The results of statistical
analysis show a time variable (F= 81.24, P<0.0001),
surgery variable (F=287.98, P<0.0001) and
time*surgery (F=81.24, P<0.0001). In addition, these
results revealed that MT-1A gene expression on the 1%
and 3 day after injury is significantly high in
comparison with the control group (intact nerve)
(P<0.0001) (Fig. 3).
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Figure 3. Quantitative data of MT-1 gene expression in
groups. Data reported as mean + SEM.
*** denotes statistical significance (P<0.0001), when

compared to the control.

Figure 4 shows the statistical analysis of groups for
MT-2A gene, respectively. The results of statistical
analysis show a time variable (F= 13.54, P<0.0001),

surgery  variable (F=62.09, P<0.0001) and
time*surgery (F=13.54, P<0.0001). In addition, these
results revealed that MT-2A gene expression on the 1%
and 3" day after injury is significantly high in
comparison with the control group (intact nerve)
(P<0.0001) (Fig. 4).
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Figure 4. Quantitative data of MT-2 gene expression in
groups. Data reported as mean + SEM.
*** denotes statistical significance (P<0.0001), when

compared to the control.

Immunohistochemistry assessment
Immunohistochemistry was carried out to ascertain
whether the expression of MT-1A in protein level is
caused by crush injury (Fig. 5 and 6).

A longitudinal section of a normal (intact) nerve was
examined and it showed only a tint background with
no reaction to the antibody observed (Fig.5A).

On the 1%t day after injury, an intensive reaction to the
antibody was seen ( Fig.5B, Fig.6A). On the 3" day
after injury, immunohistochemical reaction to the
antibody increased compared to the 1% day after injury
revealing an active existence of the MT-1A molecule
in this stage (Fig.5C, Fig.6B) and, in the 1% week after
injury, this reaction decreased compared to the 1%tand
3 days after injury (Fig.5D). In the 3" week after

injury, the intensity of antibody reaction decreased
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increasingly (Fig.5E) and immuno-reactivity for MT-
1A in the 5™ week after injury became negative,

revealing the occurrence of regeneration (Fig. 5F).

Figure 5. longitudinal sections of sciatic nerve samples
(x10). A) control(normal), B) 1t day after injury, C) 3" days
after injury, D) 1™ week after injury, E) 3" weeks after
injury, F) 5t weeks after injury. Brown colour indicated M T-
1 antibody reaction. MT-1 protein appears brown.

I

Figure 6. longitudinal sections of sciatic nerve samples

(x100). A) 1% day after injury, B) 3™ days after injury. MT-
1 protein appears brown.

Discussion

Nerve injuries due to accidents, acute compression, or
surgeries are commonly traumatic lesion in peripheral
nervous system (25). Tissue injury elicits oxidative
stress (1-3). It is generally accepted that peripheral
nerve damage induces oxidative stress in lesioned

neurons (25).
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MDA is used as a lipid peroxidation marker in nerve
injuries. In crush injury, serum MDA started to
increase on the first day, peaked at 7 days and then
gradually decreased to normal levels at 14, 21 and 42
days (26, 27). These findings confirmed that oxidative
stress is high during the first week after crush injury
and gradually decreases until the 5 week. Our results
show that high expression of the MT molecules in the

first week may be due to oxidative stress in the crushed

nerve.
To counteract ROS, biological systems have
endogenous antioxidant molecules to protect

themselves from oxidative damage (12).
MTs have been suggested to play an important role in
protecting against ROS and has a protective role in
cerebral ischemia and reperfusion (21). MT-1/2
display  neuroregenerative and neuroprotective
activity because they have antioxidant properties (15).
The expression of MT-I/Il proteins is regulated in
response to inflammation and oxidative stress (1).
Antioxidant-specific gene induction is mediated by the
" antioxidant-response element” (ARE) present in the
promoter region of mammalian metallothioneine (1,
28). It is well established that MT-I/-11 is a powerful
neuroprotective proteins in vitro (20, 29).

The NG2 glial cells express MT-I/-11 following CNS
injury and this ability of these cells, support axonal
regeneration (30).

MT-1 and MT-2 (MT-1&2) are

coordinately and have similar effects in most tissues,

expressed

namely, decreasing oxidative stress (16).

Our results confirm that expression of MT-1 and MT-
2 isoforms in crushed sciatic nerve have identical
pattern. Extracellular MT-1/-1l can promote axon
regeneration, both in vitro and in vivo following an
injury to the brain (20), or to a sciatic nerve (31).

Axonal regeneration up to 1000 pm past the
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transection site has seen by a single intravitreal
injection of MT-I/-11, following complete optic nerve
transection (17) Previous data showing that in sciatic
nerves of MT-I/-Il-deficient mice following crush
injury, axonal regeneration is impaired (31).

Chung and colleagues have shown that MT
expression is up-regulated 4 days after cortical injury
(early phase of regenerative sprouting) in CNS (32).
Hashimoto et al. used spinal cord compression injury
(SCI) models in mice and by double labeling with in
situ hybridization and fluorescence
immunohistochemistry, MT-1 and MT-2 expression
was observed in neurons and glial cells at 1 day post
lesion, and MT-2 expression was also detected At 3
days post lesion (33).

In MT-I, I KO mice, reported a reduction and a
decreased neurofilament density in the large
myelinated axons in the phrenic nerve (34). Also, the
expression of MT-I, Il is up-regulated in human
amyotrophic lateral sclerosis cases (35), it may serve
a protective role for MTs (36).

In this investigation, our finding through semi-
quantitative RT-PCR revealed that the expression of
MT-1 & 2 transcriptome was up-regulated up to three
days after crush injury and gradually decreased until 5
weeks post injury. Immuno-histochemisry assessment
also revealed that the MT-1 protein localized in high
intensity in the injured nerve fiber on the 3st day after
crush injury, and the immuno-reactivity gradually

decreased and disappeared in the 5th week after injury.

Conclusion
High expression of MT_1 and MT-2 is seen in the

degenerative phase of nerve repair after crush injury

and they play an important role in the detoxification of
the crush site from free radicals.

Our results suggest that MT-I/-11 may promote axonal
regeneration. The action of MT-1/2 in nerve repair
may arise from its antioxidant properties.

Thus, MT-I and MT-II, serve an important antioxidant
role elicited in the peripheral nervous system by a
crush injury, and they may accelerate neuronal
regeneration.

In summary, our results showed that, after crush injury
to sciatic nerve, the MT-1 & 2 molecules are
upregulated in degeneration phase of repair, when
oxidative Stress increasing, and these molecules
involved mainly in the detoxify ROS and help to

regenerative process.

Acknowledgments

Research was supported by Genomics Division,
Systems Biology Institute, Chemical Injuries Research
Center of Bagiyatallah University of Medical
Sciences, Tehran-Iran.

References

1. West AK, Hidalgo J, Eddins D, Levin ED,
Aschner M. Metallothionein in the central nervous system:
Roles in protection, regeneration and cognition.
NeuroToxicology. [Review]. 2008;29:489-503.

2. Bagdatoglu C, Saray A, Surucu HS, Ozturk H,
Tamer L. Effect of trapidil in ischemia/reperfusion injury of
peripheral nerves. Neurosurgery. 2002;51:212-20.

3. Arslan E, Milcan A, Unal S, Demirkan F, Polat A,
Bagdatoglu O, et al. The effects of carnitine on distally-
burned dorsal skin flap: an experimental study in rats. Burns.
2003;29:221-7.

4. Shokouhi G, Hadidchi S, Ghorbanihaghjo A,
Rahbani-Noubar M, Panahi S, Forouzanfar M, et al.

Neuroprotective Effect Of Ascorbic Acid In Experimental


https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=8&cad=rja&uact=8&ved=0CEwQFjAHahUKEwjFkKrhoJjJAhXB8A4KHVbdBB8&url=http%3A%2F%2Fdiabetes.diabetesjournals.org%2Fcontent%2F50%2F9%2F2040.long&usg=AFQjCNEGIy5oDWDplz53jTFrJ2Lx1mrkXQ&sig2=cjAM5qUvYXN6LgQ7BxdRLg&bvm=bv.107763241,bs.2,d.bGQ

F. Aghanassir et al. / J of Applied Tissue Engineering 2016; 3(1)

Blunt Sciatic Nerve Injury In Rats. The Internet Journal of
Nutrition and Wellness. 2005 1(2).

5. Kalender A, Dogan A, Bakan V, Yildiz H, Gokalp
M, Kalender M. Effect of Zofenopril on regeneration of
sciatic nerve crush injury in a rat model. J Brachial Plex
Peripher Nerve Inj. 2009;4(6):1-7.

6. Senoglu M, Nacitarhan V, Kurutas Ergul B,
Senoglu N, Altun 1, Atli Y, et al. Intraperitoneal Alpha-
Lipoic Acid to prevent neural damage after crush injury to
the rat sciatic nerve. J Brachial Plex Peripher Nerve Inj.
2009;4:22.

7. Jiménez CR, Stam FJ, Li KW, Gouwenberg Y,
Hornshaw MP, De Winter F, et al. Proteomics of the injured
rat sciatic nerve reveals protein expression dynamics during
regeneration. Mol Cell Proteomics. 2005 4(2):120-32.

8. Kirsch M, Campos Friz M, Vougioukas VI,
HD. Wallerian
regeneration after sciatic nerve crush are altered in ICAM-1-
deficient mice. Cell Tissue Res. 2009;338:19-28.

Hofmann degeneration and axonal

9. Basiri F, Imani Fooladi AA, Foroutan Koudehi,

Farzam B, shekarforoush sh, Nourani MR. Anti-
inflammatory Signalling Molecule Improved Peripheral
Nerve Repair. . J of
2014;1(1):26-33.

10. Kulbacka J, Saczko J, Chwitkowska A. Oxidative
stress in cells damage processes. Pol Merkur Lekarsk.
2009;27(157):44-7.

11. L0 JM, Lin PH, Yao Q, Chen C. Chemical and

molecular

Applied Tissue Engineering.

mechanisms of antioxidants:
J Cell

Experimental
approaches and model Mol Med.
2010;14(4):840-60.

12. Varija D, Kumar KP, Reddy KP, Reddy VK.

Prolonged constriction of sciatic nerve affecting oxidative

systems.

stressors & antioxidant enzymes in rat Indian J Med Res.
2009;129:587-92.

13. Carrasco J, Penkowa M, Giralt M, Camats J,
Molinero A, Campbell IL, et al. Role of metallothionein-1I1
following central nervous system damage. Neurobiol Dis.
2003;13(1):22-36.

14. Yasutake A, Hirayama K. Effects of iron overload
on hepatic and renal metallothionein levels in rats. Journal
of health science. 2004;50(4):327-78.

32

15. Santos CRA, Martinho A, Quintela T, Goncalves
I. Neuroprotective and Neuroregenerative Properties of
Metallothioneins. IUBMB Life. [Critical
2012;64(2):126-35.

16. Hidalgo J. Metallothioneins and Brain Injury:

Review].

What Transgenic Mice Tell Us. Environmental Health and
Preventive Medicine. [Review ]. 2004;9:87-94.

17. Chung RS, Penkowa M, Dittmann J, King CE,
Bartlett C, Asmussen JW, et al. Redefining the role of
metallothionein within the injured brain: extracellular
metallothioneins play an important role in the astrocyte-
neuron response to injury. J Biol Chem. 2008;283:15349-58.
18. Hidalgo J, Aschner M, Zatta P, Vasak M. Roles of
the metallothionein family of proteins in the central nervous
system. Brain Res Bull. 2001;55:133-45.

19. Penkowa M, Carrasco J, Giralt M, Molinero A,
Hernandez J, Campbell IL, et al. Altered central nervous
system cytokine-growth factor expression profiles and
angiogenesis in metallothionein-1+11 deficient mice. J Cereb
Blood Flow

Metab. 2000;20:1174-89.

20. Chung RS, Vickers JC, Chuah MI, West AK.
Metallothionein-11A promotes initial neurite elongation and
postinjury reactive neurite growth and facilitates healing
after focal cortical brain injury. . J Neurosci. 2003;23:3336-
42.

21. van Lookeren CM, Thibodeaux H, van Bruggen
N, Cairns B, Gerlai R, Palmer JT, et al. Evidence for a
protective role of metallothionein-1 in focal cerebral
ischemia. Proc Natl Acad Sci USA. 1999;96(22):12870-5.
22. Cherian MG, Bay BH.
Metallothioneins in human tumors and potential roles in
carcinogenesis. Mutat Res. 2003;533:201-9.

23. Ruttkay-Nedecky B, Nejdl L, Gumulec J, Zitka O,
Masarik M, The
Metallothionein in Oxidative Stress Int J Mol Sci. [Review].
2013;14:6044-66.

24. Nourani MR, Owada Y, Kitanaka N, Abdelwahab

Jayasurya A,

EckschlagerT, et al. Role of

SA, Iwasa H, Sakagami H, et al. Localization of epidermal-
type fatty acid binding protein in macrophages in advanced
atretic follicles of adult mice. J Mol Histol. 2005;36(6-
7):391-400.



Metallothionein molecules in sciatic nerve injury and repair

25. Kim TH, Yoon SJ, Lee WC, Kim JK, Shin J, Lee
S, et al. Protective effect of GCSB-5, an herbal preparation,
against peripheral nerve injury in rats. Journal of
Ethnopharmacology. 2011;136:297-304.

26. Kurtoglu Z, Ozturk A.H, Bagdatoglu C, Polat G,
Aktekin M, Uzmansel D, et al. Effects of trapidil after crush
injury in peripheral nerve. Acta Med Okayama. 2005;59 37—
44,

27. Serarslana Y, Balb R, Enes Altugc M, Kontasd T,
Nuri Kelese O, Unale D, et al. Effects of trimetazidine on
crush injury of the sciatic nerve in rats: A biochemical and
stereological study. Brain Research. 2009 January;1247:11-
20.

28. Scandalios JG. Oxidative stress: molecular
perception and transduction of signals triggering antioxidant
gene defenses. Braz J Med Biol Res. 2005;38(7):995-1014.
29. Kohler LB, Berezin V, Bock E, Penkowa M. The
role of metallothionein 1l in neuronal differentiation and
survival. Brain Res. 2003;992(1):128-36.

30. Chung RS, Fung SJ, Leung YK, Walker AK, Mc
Cormack GH, Chuah MI, et al. Metallothionein expression
by NG2 glial cells following CNS injury. Cell Mol Life Sci.
2007;64:2716 - 22.

31. Ceballos D, Lagoa N, Verdda E, Penkowa M,
Carrascoc J, Navarroa X, et al. Role of metallothioneins in

peripheral nerve function and regeneration. CMLS, Cell Mol
Life Sci. 2003;60:1209-16.

32. Chung RS, Adlard PA, Dittmann J, Vickers JC,
Chuah MI, West AK. Neuron-glia communication:
metallothionein expression is specifically up-regulated by
astrocytes in response to neuronal injury. . J Neurochem.
2004;88:454-61.

33. Hashimoto M, Koda M, Ino H, Yoshinaga K,
Murata A, Yamazaki M, et al. Gene expression profiling of
cathepsin D, metallothioneins-1 and -2, osteopontin, and
tenascin-C in a mouse spinal cord injury model by cDNA
microarray analysis Acta Neuropathol 2005;109:165-80.
34. Stankovic RK. Atrophy of Large Myelinated
Axons in Metallothionein-I, Il Knockout Mice. Cellular and
Molecular Neurobiology. 2005;25(5):943-53.

35. Sillevis Smitt PA, Blaauwgeers HG, Troost D, de
Jong JM. Metallothionein immunoreactivity is increased in
the spinal cord of patients with amyotrophic lateral sclerosis.
Neurosci Lett. 1992;144:107-10.

36. Stankovic RK, Li Z. Decreased neurofilament
density in large myelinated axons of metallothionein-I, 11

knockout mice. Neuroscience Letters. 2006;402:1-6.


https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=8&cad=rja&uact=8&ved=0CEwQFjAHahUKEwjFkKrhoJjJAhXB8A4KHVbdBB8&url=http%3A%2F%2Fdiabetes.diabetesjournals.org%2Fcontent%2F50%2F9%2F2040.long&usg=AFQjCNEGIy5oDWDplz53jTFrJ2Lx1mrkXQ&sig2=cjAM5qUvYXN6LgQ7BxdRLg&bvm=bv.107763241,bs.2,d.bGQ

