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Abstract

Mecobalamin, a form of vitamin B, containing a central metal element (cobalt), is one of the
most important mediators of nervous system function. In the clinic, it is often used to accelerate
recovery of peripheral nerves, but its molecular mechanism remains unclear. In the present study,
we performed sciatic nerve crush injury in mice, followed by daily intraperitoneal administra-
tion of mecobalamin (65 pg/kg or 130 ug/kg) or saline (negative control). Walking track analysis,
histomorphological examination, and quantitative real-time PCR showed that mecobalamin
significantly improved functional recovery of the sciatic nerve, thickened the myelin sheath in
myelinated nerve fibers, and increased the cross-sectional area of target muscle cells. Further-
more, mecobalamin upregulated mRNA expression of growth associated protein 43 in nerve
tissue ipsilateral to the injury, and of neurotrophic factors (nerve growth factor, brain-derived
nerve growth factor and ciliary neurotrophic factor) in the L, ; dorsal root ganglia. Our findings
indicate that the molecular mechanism underlying the therapeutic effect of mecobalamin after
sciatic nerve injury involves the upregulation of multiple neurotrophic factor genes.
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Introduction

Peripheral nerve injury is commonly caused by accidental
trauma, acute compression or iatrogenic injury (Wu et al.,
2012). Such injury can induce temporary or permanent
neurapraxia, and may seriously affect a patient’s quality of
life and ability to work. Drug treatment can improve neu-
rological function after peripheral nerve damage, especially
crush injury (Jacob et al., 2000; Xie et al., 2001; Gu et al.,
2011). After peripheral nerve injury in adult mammals, a
slow increase in the neuronal expression of neurotrophic
factor can be observed from 7 days after injury. Axonal re-
generation at the proximal stump of the injury site is also
very slow, and even after nerve suturing, axons may take up
to 1 month to extend across the region of damage (Gordon,
2009; Unezaki et al., 2009). Therefore, even when the nerve
stump is promptly sutured, additional measures are needed
to support satisfactory neural regeneration. At present, such
measures include gene therapy, cell therapy, and administra-
tion of neurotrophic factors. In experimental animals, gene
and cell therapy successfully promote neuronal repair after
peripheral nerve injury (Wang et al., 2012); however, there
are several difficulties with the use of these approaches in
humans, including finding an appropriate donor, continued
elevated expression of the exogenous gene, high treatment
costs, transplantation challenges, and a need for long-term
efficacy evaluation. Therefore, a considerable amount of

further research into the safety and efficacy of these meth-
ods is needed before they can be relied on in the clinic (Cai
et al., 2011; Chen et al., 2011; Dadon-Nachum et al., 2011;
Hoyng et al., 2011). Neurotrophic factors promote neuronal
survival and regeneration, but their purification is compli-
cated and costly, and doubts remain about their clinical ef-
ficacy (Rizos et al., 2014; Valiente-Gomez et al., 2014; Wang
etal,, 2014a, b).

Mecobalamin is a form of vitamin B,, that contains cobalt
(Yang et al., 2013). It is currently used to treat diabetic pe-
ripheral neuropathy (Huang et al., 2011; Izumi et al., 2013).
As a cofactor of the methyltransferase enzyme, mecobalamin
is an essential vitamin for nervous system functioning. It
contributes to the synthesis of methionine and thymine, in-
creases the uptake of folic acid, and protects its transfer and
storage within the cell, activates amino acids, contributes to
the biosynthesis of nucleic acid and proteins, and is involved
in the formation of nerve tissue lipoprotein (Matsushita et
al., 2009; Kocaoglu et al., 2014; Meziere et al., 2014). How-
ever, the molecular mechanism by which mecobalamin pro-
motes functional nerve recovery remains unclear.

In the present study, we evaluated the effects of meco-
balamin on the morphological and functional recovery of
nervous tissue, and its effects on target muscle atrophy, in a
mouse model of sciatic nerve injury. In addition, we used re-
al-time PCR to measure the expression of genes for various
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neurotrophic factors associated with nerve growth, in order
to examine the molecular mechanisms by which mecobala-
min may promote peripheral nerve regeneration.

Materials and Methods

Animal surgery and treatment

Sixty adult male ICR mice, weighing 22-25 g, were provided
by the Experimental Animal Center of Soochow University
(Suzhou, Jiangsu Province, China). All experimental proce-
dures involving animals were carried out in accordance with
the US National Institute of Health (NIH) Guide for the
Care and Use of Laboratory Animals and approved by the
Administration Committee of Experimental Animals, Jiang-
su Province, China.

All animals were deeply anesthetized with an intraperitone-
al injection of a cocktail of xylazine (10 mg/kg), ketamine (95
mg/kg) and acepromazine (0.7 mg/kg) (Sigma-Aldrich, St.
Louis, MO, USA). A10 mm long incision was made in the left
hindlimb to expose the sciatic nerve, and 2 mm of nerve was
crushed by clamping for 30 seconds with smooth-jaw forceps.
The distal end of the crush site was marked with a 9-0 nylon
suture. After the surgical incisions were closed, the animals
were randomly divided into three groups (n = 20 per group),
to receive daily intraperitoneal injections of 65 pg/kg (low-
dose) mecobalamin (Eisai, Tokyo, Japan), 130 pg/kg (high-
dose) mecobalamin, or equivalent volumes of saline. The
treatment lasted for 21 days.

Walking track analysis

Walking track analysis was performed 1, 5, 10, 15 and 20
days after sciatic nerve injury to examine motor function re-
covery in the mice. Paw length (PL) and toe spread (TS) were
measured. Sciatic functional index was calculated using the
following formula: 118.9 [(ETS — NTS)/NTS] — 51.2 [(EPL
— NPL)/NPL] — 7.5, where E represents the experimental
side and N refers to the normal control side. An sciatic func-
tional index value of 0 indicates normal nerve function, and
—100 indicates total impairment (Rustemeyer and Dicke,
2009).

Histomorphological examination

Twenty-one days after surgery, two mice were chosen at ran-
dom from each group. Approximately 3 mm of nerve was
obtained from the distal segment of the injury site after mice
were sacrificed by cervical dislocation under anesthesia, fixed
in glutaraldehyde, and embedded in Epon 812 epoxy resin,
and cut into ultrathin (3 nm) sections. The sections were
contrasted using uranium-lead and viewed under a trans-
mission electron microscope (JEOL USA Inc., Peabody, MA,
USA).

The remaining eight mice were sacrificed by cervical dis-
location under anesthesia, fixed with 4% paraformaldehyde.
Gastrocnemius muscle on the ipsilateral side was embedded
in paraffin, sectioned (section thickness, 10 um), and stained
with hematoxylin and eosin. Myocyte cross-sectional area
was determined using the Leica QWin image analysis system
(Leica Imaging Systems Ltd., Munich, Germany).
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Real-time PCR

Oligonucleotide primers were designed using Primer Version
4.0 software (Whitehead Institute, Cambridge, MA, USA),
and synthesized by Invitrogen Life Technologies (Carlsbad,
CA, USA). Primer sequences are listed in Table 1.

At 5, 10, 15 and 20 days postoperatively, three mice were
chosen at random from the physiological saline group and
from the high-dose mecobalamin group. Total RNA was
harvested from nerve tissue on the injured side and from
L, ¢ segments of the ipsilateral spinal cord dorsal root gan-
glia using Trizol (Invitrogen). Total RNA was purified using
an RNeasy Mini Kit, and cDNA was synthesized using an
Omniscript RT Kit (both from Qiagen, Valencia, CA, USA),
according to the manufacturer’s instructions.

Quantitative real-time PCR was conducted using a Ste-
pOne Real-Time PCR System (Applied Biosystems, Foster
City, CA, USA) and a SYBR Green RT-PCR system (Fast-
Start Universal SYBR Green Master (ROX) for quantitative
PCR; Roche, Mannheim, Germany). Each 20 mL of reaction
mixture contained 0.5 mL ¢cDNA from each sample that was
mixed with 12.5 mL of 1 X FastStart Universal SYBR Green
Master (ROX; Roche), 0.5 mL forward primer, 0.5 mL re-
verse primer and 6 mL of PCR-grade water. Real-time PCR
conditions were as follows: pre-denaturation at 95°C for 2
minutes, then 45 cycles of 95°C for 15 seconds and 60°C for
60 seconds. The housekeeping gene GAPDH served as the
internal reference. Each sample was tested in triplicate and
the 27**“ method was used to analyze relative transcription
data (Bijwaard et al., 2001; Livak and Schmittgen, 2001).

Statistical analysis

All data were presented as the mean + SD. Data were com-
pared by one-way analysis of variance and Scheffe post hoc
test, using SPSS 11.5 software package (IBM, San Francisco,
CA, USA). A P < 0.05 level was considered statistically signifi-
cant.

Results

Mecobalamin promoted the recovery of sciatic nerve
function in mice

All mice recovered consciousness after surgery. Mice walked
with their hindlimbs on the injured side dragging on the
ground. Walking track analysis demonstrated that sciatic
functional index value in each group increased with time
(Figure 1). One day after the surgery, no significant differ-
ence in sciatic functional index value was detectable among
groups, but by 10 days, sciatic functional index was signifi-
cantly better in the high-dose mecobalamin group than in
the saline group (P < 0.05). At 15 and 20 days, sciatic func-
tional index was significantly better in both mecobalamin
groups than in the saline group (P < 0.01).

Mecobalamin contributed to sciatic nerve regeneration
and prevents target muscle atrophy in mice

At 21 days, ultrathin sections of the crushed portion of the
nerve were observed in two mice from each group under
a transmission electron microscope. The crushed nerve in
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Table 1 Real-time PCR oligonucleotide primers

Gene Gene locus Sequence (5'-3") Product size (bp)
GAPDH NM 008084 Forward: GTG GCA AAG TGG AGA TTG TT 195
Reverse: CCT CAC CCC ATT TGA TGT TA
GAP43 NM 008083 Forward: AGC TTC CGT GGA CAC ATA AC 149
Reverse: TCG GTA GTA GCA GAG CCATC
NGF NM 013609 Forward: GCC TCA AGC CAG TGA AAT TA 125
Reverse: AGA CAC TGA GGT GAG CTT GG
BDNF NM 007540 Forward: CAA AGC CGA ACT TCT CAC AT 220
Reverse: TTG TCC GTG GAC GTTTACTT
CNTF NM 170786 Forward: GCA AGG AAG ATT CGT TCA GA 197

Reverse: TTG GTT AAC ATC CCT TGG AA

GAP43: Growth associated protein 43; NGF: nerve growth factor; BDNF: brain-derived nerve growth factor; CNTF: ciliary neurotrophic factor;

GAPDH: glyceraldehyde phosphate dehydrogenase.
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Figure 1 Walking track analysis after sciatic nerve crush.

Sciatic function index value at different time points after surgery in
mice receiving daily intraperitoneal injections of saline or mecobalamin
(65 or 130 pg/kg). Data are represented as the mean + SD (n = 8).
*P < 0.05, **P < 0.01, vs. saline group (one-way analysis of variance
and Scheffe post hoc test).

animals that had received saline showed abundant axonal
degeneration, and the regenerated myelinated nerve fibers
were arranged sparsely and with thinned myelin. Abundant,
densely arranged myelinated fibers with mature and thick
myelin sheaths were observed in the mecobalamin groups
(Figure 2A-C). The myelin sheath in regenerated myelinated
nerve fibers was significantly thicker in the high-dose me-
cobalamin group than in the saline group (P < 0.05; Figure
2D).

At 21 days, hematoxylin-eosin staining of gastrocnemius
muscle on the injured side in the saline group showed thin,
widely-spaced myocytes, whereas in the high-dose mecobal-
amin group, muscle cells were plump and regularly arranged
(Figure 3A—C). The cross-sectional areas of muscle cells in
mice in the high-dose mecobalamin group were significantly
greater than in the saline group (Figure 3D; P < 0.05).

Mecobalamin upregulates gene expression of growth
associated protein 43 in nerve tissue, and of

neurotrophic factors in the dorsal root ganglion

Ten days after surgery, growth associated protein 43 mRNA
expression in the L, ( segments of the crushed nerve was sig-

nificantly greater in the high-dose mecobalamin group than
in the saline group (P < 0.05), and remained elevated until
15 days postoperatively (P < 0.05). Nerve growth factor,
brain-derived nerve growth factor and ciliary neurotrophic
factor mRNA levels in ipsilateral dorsal root ganglia were
also significantly greater in the high-dose mecobalamin
group than in the saline group at 5 and 10 days (P < 0.05;
Figure 4).

Discussion
Axonal regeneration is not always accompanied by function-
al motor and sensory recovery after peripheral nerve injury
(Allodi et al., 2012; Daly et al., 2012). Mecobalamin, a co-
enzyme of vitamin B,,, promotes the metabolism of nucleic
acids, proteins and lipids via a methyl conversion reaction.
Mecobalamin readily enters nerve tissues and promotes res-
toration of injured nervous tissue, but the underlying mech-
anisms remain poorly understood (Matsushita et al., 2009).
In the present study, we used mouse models of sciatic
nerve crush injury, and investigated the restorative effects of
mecobalamin after peripheral nerve injury using behavioral
and histomorphological analyses. We show that mecobal-
amin improved motor function after sciatic nerve injury,
contributed to neural regeneration, and prevented target
muscle atrophy. To date, few studies have explored the mo-
lecular mechanisms of mecobalamin in peripheral nerve
regeneration. We therefore analyzed the expression of genes
for a variety of proteins associated with nerve growth after
daily mecobalamin injections in mouse models of periph-
eral nerve injury. Growth associated protein 43 is strongly
associated with nervous system development and plasticity,
and during neuronal development or after injury, levels of
growth associated protein 43 expression are elevated up to a
hundredfold (Chen et al., 2012). Significant upregulation of
growth associated protein 43 expression contributes to the
growth of nervous processes and activates neurite growth
cone movement, and these changes are particularly evident
during nerve regeneration (Zhou et al., 2009; Tsai et al.,
2011; Zhang et al., 2014). Here, we demonstrated that meco-
balamin significantly upregulates growth associated protein
433 mRNA levels in nervous tissue after sciatic nerve injury.
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Figure 2 Transmission electron micrographs and quantification of myelinated fibers after sciatic nerve crush.

(A—C) Transmission electron micrographs of ultrathin sciatic nerve sections obtained 21 days after nerve crush surgery in mice that received daily
intraperitoneal injections of 130 pg/kg mecobalamin (A), 65 pg/kg mecobalamin (B) or saline (C) for 21 days. Scale bars: 5 pm. (D) Statistical anal-
ysis of myelin sheath thickness in the three groups (data are represented as the mean * SD). *P < 0.05, **P < 0.01, vs. saline group (one-way analy-
sis of variance and Scheffe post hoc test).
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Figure 3 Hematoxylin-eosin staining and cross-sectional area analysis of gastrocnemius muscle fibers after sciatic nerve crush.

(A—C) Representative light micrographs of transversely sectioned gastrocnemius muscle ipsilateral to the nerve injury in mice that received daily
intraperitoneal injections of 130 pg/kg mecobalamin (A), 65 pg/kg mecobalamin (B) or saline (C) for 21 days after surgery. Scale bar: 50 pm. (D)
Statistical analysis of the cross-sectional area of the fibers (data were represented as the mean * SD; n = 8). %P < 0.05, vs. saline group (one-way
analysis of variance and Scheffe post hoc test).
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Figure 4 The mRNA expression in crushed nerve and L, ¢ dorsal root ganglia (real-time RT-PCR) 5, 10, 15 and 20 days after surgery.

The mRNA expression of GAP43 in the crushed nerve (A), and NGF (B), BDNF (C) and CNTF (D) in the dorsal root ganglia, after intraperitoneal
injections of high-dose mecobalamin (130 pg/kg) or saline, following sciatic nerve crush. Data are represented as the mean + SD (n = 3). %P < 0.05,
vs. saline group (one-way analysis of variance and Scheffe post hoc test). GAP43: Growth associated protein 43; NGF: nerve growth factor; BDNF:
brain derived nerve growth factor; CNTF: ciliary neurotrophic factor; GAPDH: glyceraldehyde phosphate dehydrogenase; d: day.
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Dorsal root ganglia contain cell bodies of peripheral
nerves, and are readily cultured in vitro (Saijilafu and Zhou,
2012). Cultures of dorsal root ganglia are frequently used to
study the growth, development and regeneration of neurons
in the peripheral nervous system (Johnson and Sears, 2013).
An in vitro study highlighted the sensitivity of neuronal
survival and regeneration in the dorsal root ganglion to neu-
rotrophic factors, such as nerve growth factor, brain-derived
nerve growth factor and ciliary neurotrophic factor (Atlasi
et al., 2009; Xiao, 2009). Over a third of dorsal root ganglion
neurons with broken axons die (Burland et al., 2014). After
peripheral nerve injury, neurotrophic factor expression is
upregulated in adult mammals, but the response is very slow
(Wan et al., 2010; Saleh et al., 2013; Xu et al., 2013), beginning
7 days after injury (Grumbles et al., 2009; Ziv-Polat et al.,
2014). Accordingly, axonal regeneration at the proximal end
of the injured nerve stump is also slow (Cui, 2006; Grumbles
et al., 2009), requiring additional measures for adequate neu-
ronal survival. Although neurotrophic factors promote the
survival and regeneration of neurons, their purification for
clinical use is complicated and expensive, and clinical out-
comes remain debated (Rizos et al., 2014; Wang et al., 2014b).
In the present study, we have shown that the use of 130 pg/kg
mecobalamin for 5 days after nerve injury upregulates gene
expression of nerve growth factor, brain-derived neurotroph-
ic factor and ciliary neurotrophic factor in the L, ; segments
of the ipsilateral spinal cord dorsal root ganglion.

In summary, mecobalamin promotes functional and mor-
phological recovery after peripheral nerve injury. The molec-
ular mechanism underlying the restorative effects of meco-
balamin on injured nerves may involve upregulation of the
genes for multiple neurotrophic factors. The signaling path-
way through which mecobalamin acts to promote peripheral
nerve regeneration remains to be investigated in the future.

Acknowledgments: We thank Mrs. Qiong Cheng from Jiang-
su Key Laboratory of Neuroregeneration, Nantong University,
China for assistance in manuscript preparation.

Author contributions: Gan L and Zhu GX conceived and
designed the study. Gan L, Qian MQ, Shi KQ, and Chen G
collected the data. Du W and Zhu GX revised the manuscript.
Gan L wrote the paper. All authors approved the final version
of the manuscript.

Conflicts of interest: None declared.

References

Allodi I, Udina E, Navarro X (2012) Specificity of peripheral nerve re-
generation: interactions at the axon level. Prog Neurobiol 98:16-37.
Atlasi MA, Mehdizadeh M, Bahadori MH, Joghataei MT (2009) Mor-
phological identification of cell death in dorsal root ganglion neu-
rons following peripheral nerve injury and repair in adult rat. Iran

Biomed J 13:65-72.

Bijwaard KE, Aguilera NS, Monczak Y, Trudel M, Taubenberger JK,
Lichy JH (2001) Quantitative real-time reverse transcription-PCR
assay for cyclin D1 expression: utility in the diagnosis of mantle cell
lymphoma. Clin Chem 47:195-201.

Burland M, Paris L, Quintana P, Bec JM, Diouloufet L, Sar C,
Boukhaddaoui H, Charlot B, Braga Silva J, Chammas M, Sieso V,
Valmier J, Bardin F (2014) Neurite growth acceleration of adult
dorsal root ganglion neurons illuminated by low-level light emitting
diode light at 645 nm. ] Biophotonics 9999:9999.

Cai S, Shea GK, Tsui AY, Chan YS, Shum DK (2011) Derivation of clin-
ically applicable schwann cells from bone marrow stromal cells for
neural repair and regeneration. CNS Neurol Disord Drug Targets
10:500-508.

Chen X, Yang Y, Yao J, Lin W, Li Y, Chen Y, Gao Y, Yang Y, Gu X, Wang X
(2011) Bone marrow stromal cells-loaded chitosan conduits promote
repair of complete transection injury in rat spinal cord. ] Mater Sci
Mater Med 22:2347-2356.

Chen Y, Zhao C, Zhang C, Luo L, Yu G (2012) Influence of chronic in-
termittent hypoxia on growth associated protein 43 expression in the
hippocampus of young rats. Neural Regen Res 7:1241-1246.

Cui Q (2006) Actions of neurotrophic factors and their signaling path-
ways in neuronal survival and axonal regeneration. Mol Neurobiol
33:155-179.

Dadon-Nachum M, Melamed E, Offen D (2011) Stem cells treatment
for sciatic nerve injury. Expert Opin Biol Ther 11:1591-1597.

Daly W, Yao L, Zeugolis D, Windebank A, Pandit A (2012) A biomateri-
als approach to peripheral nerve regeneration: bridging the periph-
eral nerve gap and enhancing functional recovery. ] R Soc Interface
9:202-221.

Danielsen N (1989) Neurotrophic factors and nerve regeneration--an
overview. Lakartidningen 86:2106-2107.

Gordon T (2009) The role of neurotrophic factors in nerve regenera-
tion. Neurosurg Focus 26:E3.

Grumbles RM, Sesodia S, Wood PM, Thomas CK (2009) Neurotrophic
factors improve motoneuron survival and function of muscle rein-
nervated by embryonic neurons. ] Neuropathol Exp Neurol 68:736-
746.

Gu X, Ding E, Yang Y, Liu J (2011) Construction of tissue engineered
nerve grafts and their application in peripheral nerve regeneration.
Prog Neurobiol 93:204-230.

Hoyng SA, Tannemaat MR, De Winter F, Verhaagen J, Malessy MJ (2011)
Nerve surgery and gene therapy: a neurobiological and clinical per-
spective. ] Hand Surg Eur Vol 36:735-746.

Huang PJ, Mao XH, Wang YP (2011) Electrophysiological changes in
diabetic peripheral neuropathy patients of different Chinese medi-
cine syndrome types intervened by naoxintong and mecobalamin.
Zhongguo Zhong Xi Yi Jie He Za Zhi 31:1051-1056.

Izumi K, Fujise T, Inoue K, Mori H, Yamazaki K, Hongou Y, Takagi S,
Yamanouchi H, Ashida K, Anzai K (2013) Mecobalamin improved
pernicious anemia in an elderly individual with Hashimoto’s disease
and diabetes mellitus. Nihon Ronen Igakkai Zasshi 50:542-545.

Jacob JM, Zhou Q, Liu Y (2000) Novel method for the labeling of dis-
tant neuromuscular junctions. ] Neurosci Res 61:61-66.

Johnson IP, Sears TA (2013) Target-dependence of sensory neurons:
an ultrastructural comparison of axotomised dorsal root ganglion
neurons with allowed or denied reinnervation of peripheral targets.
Neuroscience 228:163-178.

Kingham PJ, Kolar MK, Novikova LN, Novikov LN, Wiberg M (2014)
Stimulating the neurotrophic and angiogenic properties of human
adipose-derived stem cells enhances nerve repair. Stem Cells Dev
23:741-754.

Kocaoglu C, Akin F, Caksen H, Boke SB, Arslan S, Aygun S (2014) Cere-
bral atrophy in a vitamin B12-deficient infant of a vegetarian mother.
J Health Popul Nutr 32:367-371.

Lee EJ, Xu L, Kim GH, Kang SK, Lee SW, Park SH, Kim S, Choi TH,
Kim HS (2012) Regeneration of peripheral nerves by transplanted
sphere of human mesenchymal stem cells derived from embryonic
stem cells. Biomaterials 33:7039-7046.

Livak KJ, Schmittgen TD (2001) Analysis of relative gene expression
data using real-time quantitative PCR and the 2(-Delta Delta C(T))
method. Methods 25:402-408.

Madduri S, Feldman K, Tervoort T, Papaloizos M, Gander B (2010)
Collagen nerve conduits releasing the neurotrophic factors GDNF
and NGF. ] Control Release 143:168-174.

Mafi P, Hindocha S, Phital M, Sale M (2012) Advances of peripheral
nerve repair techniques to improve hand function: a systematic re-
view of literature. Open Orthop J 6:60-68.

Marconi S, Castiglione G, Turano E, Bissolotti G, Angiari S, Farinazzo A,
Constantin G, Bedogni G, Bedogni A, Bonetti B (2012) Human adi-
pose-derived mesenchymal stem cells systemically injected promote
peripheral nerve regeneration in the mouse model of sciatic crush.
Tissue Eng Part A 18:1264-1272.

1983



Gan L, et al. / Neural Regeneration Research. 2014;9(22):1979-1984.

Matsushita M, Nakagawa H, Namiki S, Ikeda Y, Kaiho Y, Kawamorita N,
Ito A, Ishidoya S, Saito S, Arai Y (2009) Effects of urinary function
and erectile function on the use of mecobalamin after nerve sparing
radical prostatectomy. Nihon Hinyokika Gakkai Zasshi 100:7-11.

Meziere A, Audureau E, Vairelles S, Krypciak S, Dicko M, Monie M,
Giraudier S (2014) B12 deficiency increases with age in hospitalized
patients: a study on 14,904 samples. ] Gerontol A Biol Sci Med Sci
[Epub ahead of print].

Rizos E, Papathanasiou MA, Michalopoulou PG, Laskos E, Mazioti A,
Kastania A, Vasilopoulou K, Nikolaidou P, Margaritis D, Papageor-
giou C, Liappas I (2014) A longitudinal study of alterations of hip-
pocampal volumes and serum BDNF levels in association to atypical
antipsychotics in a sample of first-episode patients with schizophre-
nia. PLoS One 9:e87997.

Rustemeyer J, Dicke U (2009) Correlation of three sciatic functional in-
dices with histomorphometric findings in a rat sciatic nerve allograft
repair model. Microsurgery 29:560-567.

Saijilafu, Zhou FQ (2012) Genetic study of axon regeneration with cul-
tured adult dorsal root ganglion neurons. J Vis Exp 4141.

Saleh A, Roy Chowdhury SK, Smith DR, Balakrishnan S, Tessler L, Mar-
tens C, Morrow D, Schartner E, Frizzi KE, Calcutt NA, Fernyhough P
(2013) Ciliary neurotrophic factor activates NF-kappaB to enhance
mitochondrial bioenergetics and prevent neuropathy in sensory neu-
rons of streptozotocin-induced diabetic rodents. Neuropharmacolo-
gy 65:65-73.

Tsai MS, Ko YH, Hsu WM, Liang JT, Lai HS, Lee PH, Chang KC (2011)
Enhanced aortic nerve growth factor expression and nerve sprouting
in rats following gastric perforation. J Surg Res 171:205-211.

Unezaki S, Yoshii S, Mabuchi T, Saito A, Ito S (2009) Effects of neuro-
trophic factors on nerve regeneration monitored by in vivo imaging
in thy1-YFP transgenic mice. ] Neurosci Methods 178:308-315.

Valiente-Gomez A, Amann BL, Marmol E, Oliveira C, Messeguer A, La-
fuente A, Pomarol-Clotet E, Bernardo Arroyo M (2014) Comparison
of serum BDNF levels in deficit and nondeficit chronic schizophre-
nia and healthy controls. Psychiatry Res [Epub ahead of print].

Wan L, Xia R, Ding W (2010) Short-term low-frequency electrical
stimulation enhanced remyelination of injured peripheral nerves by
inducing the promyelination effect of brain-derived neurotrophic
factor on Schwann cell polarization. ] Neurosci Res 88:2578-2587.

Wang K, Zhou F, Zhu L, Zhu X, Zhang K, Zhu L (2014a) High level sol-
uble expression, purification, and characterization of human ciliary
neuronotrophic factor in Escherichia coli by single protein produc-
tion system. Protein Expr Purif 96:8-13.

Wang LM, Tang JC, Xin IW, Li Q, Zhou YQ, Chen H, Gu ZL (2012)
Effects of nerve growth factor injection via different ways on repair
and regeneration of the sciatic nerve after its anastomosis. Zhongguo
Zuzhi Gongcheng Yanjiu 16:1169-1172.

1984

Wang XC, Xu DJ, Chen GH, Xia Q, Liu LN (2014b) Association of 2
neurotrophic factor polymorphisms with efficacy of paroxetine in
patients with major depressive disorder in a chinese population. Ther
Drug Monit 36:612-617.

Wu RH, Xu M, Zhao PF, Liu M (2012) The mRNA alteration and
correlation of Calpains and FoxOs during gastrocnemius muscle
atrophy induced by sciatic nerve injury and cardiotoxin injection.
Zhongguo Zuzhi Gongcheng Yanjiu 16:1173-1179.

Xiao J, Wong AW, Willingham MM, Kaasinen SK, Hendry IA, Howitt
], Putz U, Barrett GL, Kilpatrick TJ, Murray SS (2009) BDNF exerts
contrasting effects on peripheral myelination of NGF-dependent and
BDNF-dependent DRG neurons. ] Neurosci 29:4016-4022.

Xie Y, Yeo TT, Zhang C, Yang T, Tisi MA, Massa SM, Longo FM (2001)
The leukocyte common antigen-related protein tyrosine phosphatase
receptor regulates regenerative neurite outgrowth in vivo. ] Neurosci
21:5130-5138.

Xu P, Rosen KM, Hedstrom K, Rey O, Guha S, Hart C, Corfas G (2013)
Nerve injury induces glial cell line-derived neurotrophic factor
(GDNF) expression in Schwann cells through purinergic signaling
and the PKC-PKD pathway. Glia 61:1029-1040.

Yang MZ, Peng L], Hu WK (2013) Methylcobalamin induces differen-
tiation of rat bone mesenchymal stem cells into neuron-like cells in
vitro. Zhongguo Zuzhi Gongcheng Yanjiu 17:5741-5748.

Yogeeswari P, Ragavendran JV, Sriram D (2007) Neuropathic pain:
strategies in drug discovery and treatment. Expert Opin Drug Discov
2:169-184.

Zhang H, Wu F, Kong X, Yang J, Chen H, Deng L, Cheng Y, Ye L, Zhu
S, Zhang X, Wang Z, Shi H, Fu X, Li X, Xu H, Lin L, Xiao J (2014)
Nerve growth factor improves functional recovery by inhibiting en-
doplasmic reticulum stress-induced neuronal apoptosis in rats with
spinal cord injury. J Transl Med 12:130.

Zhou S, Chen X, Gu X, Ding F (2009) Achyranthes bidentata Blume
extract protects cultured hippocampal neurons against glutamate-in-
duced neurotoxicity. ] Ethnopharmacol 122:547-554.

Ziv-Polat O, Shahar A, Levy I, Skaat H, Neuman S, Fregnan F, Geuna
S, Grothe C, Haastert-Talini K, Margel S (2014) The role of neuro-
trophic factors conjugated to iron oxide nanoparticles in peripheral
nerve regeneration: in vitro studies. Biomed Res Int 2014:267808.

Copyedited by Norman C, Wang ], Yang Y, Li CH, Song LP, Zhao M


Priya.Kale
Rectangle


