
12 January 2025

AperTO - Archivio Istituzionale Open Access dell'Università di Torino

Original Citation:

Possible effects of some agents on the injured nerve in obese rats: AÂ stereological and electron
microscopic study

Published version:

DOI:10.1016/j.jcms.2017.05.004

Terms of use:

Open Access

(Article begins on next page)

Anyone can freely access the full text of works made available as "Open Access". Works made available
under a Creative Commons license can be used according to the terms and conditions of said license. Use
of all other works requires consent of the right holder (author or publisher) if not exempted from copyright
protection by the applicable law.

Availability:

This is the author's manuscript

This version is available http://hdl.handle.net/2318/1647224 since 2017-08-31T14:08:35Z



This full text was downloaded from iris - AperTO: https://iris.unito.it/

iris - AperTO

University of Turin’s Institutional Research Information System and Open Access Institutional Repository

This Accepted Author Manuscript (AAM) is copyrighted and published by Elsevier. It is
posted here by agreement between Elsevier and the University of Turin. Changes resulting
from the publishing process - such as editing, corrections, structural formatting, and other
quality control mechanisms - may not be reflected in this version of the text. The definitive
version of the text was subsequently published in JOURNAL OF
CRANIO-MAXILLOFACIAL SURGERY, 45 (8), 2017, 10.1016/j.jcms.2017.05.004.

You may download, copy and otherwise use the AAM for non-commercial purposes
provided that your license is limited by the following restrictions:

(1) You may use this AAM for non-commercial purposes only under the terms of the
CC-BY-NC-ND license.

(2) The integrity of the work and identification of the author, copyright owner, and
publisher must be preserved in any copy.

(3) You must attribute this AAM in the following format: Creative Commons BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/deed.en),
10.1016/j.jcms.2017.05.004

The publisher's version is available at:
http://linkinghub.elsevier.com/retrieve/pii/S1010518217301609

When citing, please refer to the published version.

Link to this full text:
http://hdl.handle.net/2318/1647224



1 
 

Possible effects of some agents on the injured nerve in obese rats: a stereological and 

electron microscopic study 

Mehmet Emin Onger 
1
, Suleyman Kaplan

1
, Stefano Geuna

2
,  

Aysın Pinar Turkmen
1
, Luisa Muratori

2
, Gamze Altun

1
, Berrin Zuhal Altunkaynak

1 

 

1
Department of Histology and Embryology, Faculty of Medicine, Ondokuz Mayıs University, Samsun, 

TURKEY 

2
Department of Anatomy, Faculty of Medicine, Turin University, Turin, ITALY 

 

Abstract 

Objective: Axonal regeneration is possible following the axonal injury. In this context, 

neuroprotective agents may increase the axonal regeneration in the obese rats. Prevalence of 

obesity induced by some drugs and neurobiological diseases is increasing day by day. Briefly, 

main aim of the present study is to research new treatments after peripheral nerve injury in light 

of Melatonin (Mel), ALCAR (AC) and Leptin (Lep) using by updated unbiased methods in 

stereological and electron microscopic levels. 

Material-Method: Wistar albino rats were randomly divided to nine equal groups: control 

(Cont), obese control (OG), obese group exposed sciatic nerve resection (Gap) (OGG), obese 

group injected 50 mg/kg/day of melatonin intraperitoneally (i.p.) for 21 days, (OMG), obese 

group injected melatonin i.p. with gap for 21 days ( OMGG), obese group injected 1mg/kg/day 

of leptin i.p. for 21 days (OLG), obese group injected leptin i.p. for 21 days with gap (OLGG), 

obese group injected 50mg/kg/day of ALCAR i.p. for 21 day (OAG), obese group injected acetyl 

L carnitine i.p. for 21 days with gap (OAGG). Electromyography (EMG) procedures was 

performed shortly before the rats were sacrificed. Following the routine histological process in 

the level of light microscopy and electron microscopy, stereological analysis were performed to 

estimate the myelinated and unmyelinated axon numbers surface area, myelin thickness and 

myelin thickness/axon diameter ratio for each group. Data were analysed using statistical 

software package program SPSS 21.0. 

Results: Considering the statistical results, no significantly differences between Cont, OB and 

OLG were found in terms of myelinated and unmyelinated axon number (p>0.05). Additionally it 

was observed that myelin sheat in Cont other groups administrated neuroprotective agents was 

thicker than groups with gap (p<0.01). Myelinated axon number of groups with gap showed a 

significantly increased compared to groups without gap (p<0.01). Furthermore, axon surface area 

http://www.ncbi.nlm.nih.gov/pubmed/25206754
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in OMGG decreased compared to OMG, OG and Cont (p<0.01).  Also highly significant 

decrease in groups with gap compared to without gap ones (p<0.01).   

Conclusion: The study has offered that axon surface area and myelin sheath thickness in the 

axonal regeneration were smaller compared to initial after gap formation. Especially, 

administration of Lep, Mel and AC as neuroprotective agents may provide a positive contribution 

to regeneration and myelination process in obese rats. 

Key words: neuroprotective agents, obesity, nucleator, fractionator, electron microscopy. 

 

1. Introduction  

 

  The studies on peripheral nervous system (PNS) show that axonal regeneration is possible -a 

significant degree- after axonal injury (Yiu and He, 2006).When an axon is damaged, the distal 

portion undergoes to Wallerian degeneration and its myelin sheath is lost. Conversely, proximal 

segment undergoes a repair mechanism for regeneration. Although recovery rate varies 

depending on the damaged region in pathophysiological conditions, functional recovery usually 

occurs in case of preservation of axonal integrity (Allodi et al., 2012; Lundborg, 2004). During 

adulthood, peripheral nerve regeneration is seen at high potential. If axonal integrity can not be 

proctected, morphological alterations such as axon diameter and myelin sheath thickness of 

regenerated nerve fibres can not be reached to the normal levels which in the pre-trauma 

(Muratori et al.,2012). From this point of view, following the peripheral nerve injury especially 

in the case of axonal integrity distruption, it is required current studies about possible 

neuroprotective agents which potentionally increase the axonal regeneration. 

  Obesity is one of the most important health problems increasing with modernization of the 

world. Obesity is a complex disease that occurs as a result of more energy uptake than 

expenditure and is characterized by chronic caloric imbalance. Many prominent factors such as 

genetic factors, environmental effects, metabolism, daily habits, cultural, and socioeconomic 

status play a key role in obesity onset. Prevalence of obesity which is induced by some drugs and 

neurobiological diseases is increasing day by day (Knechtet al., 2008; Naggert et al., 1997). The 

studies regarding peripheral nerve regeneration and role of obesity on this regeneration are still 

unsatisfactory. However, Bekar et al. (2014) suggested that obesity may affect regeneration 

negatively after injury.  As  support of this result, Miscio et al. (2005) repoted that obesity may 
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lead to peripheral neuropathy and decreasing on level of cAMP in the peroneal and tibial nerves. 

For these reasons we decided to study the role of obesity on peripheral nerve regeneration and 

evaluate treatment options. 

    Firstly melatonin was defined as a neurohormonal regulator for circadian rhythm and body 

temperature as well as an antioxidant, and neuroprotective effects that is mentioned in recent  

studies (Leon et al., 2005; Kaplan et al., 2011;17 Aygun et al., 2012; Shinozuka et al., 2013; 

López-Iglesias et al.2014). Melatonin secretion usually occurs at night and secretion continues 

until morning. It is synthesized from serotonin by a two-step pathway. When the melatonin is 

administered as exogenous, it easily passes trough the  blood brain barrier reaching  to high 

concentrations in the brain. Furthermore melatonin is characterized by having neuroprotective 

effects due to its some features such as free-radical scavenger, lipophilic and hydrophilic 

properties (Aygun et al., 2012). Many studies suggested that melatonin significantly prevents 

DNA damage and neuronal apoptosis reducing oxidative stress (Feng et al., 2006; Pandi-Perumal 

et al., 2006). Therefore, melatonin administration in peripheral nerve regeneration which is 

related to nerve injury may be benificial because of exogenous melatonin administration 

significantly increases antioxidant defense mechanism (Chang et al., 2008). 

  In the recent years, leptin is also underlined as a neuroprotective agent besides known as a 

hormone regulating appetite. Leptin is mainly secreted from adipose tissue and most tissue 

including skeletal muscle, stomach mucosa, placenta, and chroid plexus (Sandoval and Davis, 

2003; Auwerx and Staels, 1998). Level of plasma leptin concentrations is generally proportional 

to the mass of the fat tissue in the body (Wilding, 2001). The anti-obesity effect of leptin occured 

by reducing fatty acid oxidation and so mass of fat tissue reduces. Additionally, there are a lot of 

(Folch et al., 2012). Especially exogenous leptin administration reduces the neuronal damage 

following ischemia and stroke. Neuroprotective and neurogenetic effects of leptin on the 

neuronal and glial cells by means of development and increasing of neural stem cells are reported 

in some studies (Avraham et al., 2011; Perez-Gonzalez et al., 2011). 

  Acetyl-L-carnitine (ALCAR) is a potential mitochondrial antioxidant and especially shows a 

neuroprotective effect on neurodegenerative diseases such as Alzheimer, Huntington and 

Parkinson (Chrysostomou et al., 2013). Also this mitochondrial agent affects degree of stem cell 

differantiation and reduces adipogenesis while it stimulates osteogenesis and chondrogenesis (Lu 

et al., 2013). ALCAR can pass blood brain barrier by using cation / carnitine transporter OCTN2 
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and plays a key role in oxidation of free fatty acids (Smeland et al.,2012). It is reported that all 

neuroprotective effects of ALCAR is occured by increasing intracellular neurotrophic pathways 

or cholinergic neurotransmission (Bigini et al., 2002; Ori et al., 2002).  

  The studies show that recovery of peripheral nerve  injury is possible using neuroprotective 

agents (Cheng et al., 2013). The main aim of the present study is to detect new treatments of 

peripheral nerve injury in the obese rats in light of neuroprotective agents using updated unbiased 

methods in stereological and electron microscopic levels.  

 

2. Materials and Methods 

 

2.1. Experimental Design 

 The present study was approved by the Experimental Animal Studies Ethics Committee of 

Ondokuz Mayis University with decision 2010/121 numbered. Subsequently, rats were obtained 

from the Experimental Animal Research and Application Centre of Medicine Faculty of 

Ondokuz Mayıs University (Samsun, Turkey). 54 female Spraque Dawley rats 8-10 weeks-old 

weighing 150-200 gr were used for this study.. Animals were randomly divided to nine equal 

groups consisting of control (Cont), obese control (OB), obese group exposed sciatic nerve 

resection (Gap) (OGG), obese group injected melatonin intraperitoneally (i.p.) for 21 days (50 

mg/kg/day; Sigma-Aldrich, St Louis, MO, USA)  (OMG), obese group injected melatonin i.p. 

with gap for 21 days ( OMGG), obese group injected leptin i.p. for 21 days (1mg/kg/day; Sigma-

Aldrich, St Louis, MO, USA)  (OLG), obese group injected leptin i.p. for 21 days with gap 

(OLGG), obese group injected ALCAR i.p. for 21 days (50mg/kg/day; Sigma-Aldrich, St Louis, 

MO, USA)  (OAG), obese group injected ALCAR i.p. for 21 days with gap (OAGG). All of rats 

were housed in plastic cage and maintained on appropriate temperature and humidity (22±2 °C, 

%50±5) and conditions of 12-h light/12-h dark cycle. Rats of each group, except Cont, fed with 

special diet containing 40% fat during 8 weeks, whereas rats of Cont were fed with standard rat 

chow (Altunkaynak et al., 2008).  

 

2.2. Surgical Procedures 

 All surgerical procedures were conducted after i.p. injection of Ketamin (Ketasol ® 90 mg/kg, 

Richter Pharma AG, Weis, Australia) and Xylazin (Rompun ® 10 mg/kg, Bayer, Leverkusen, 
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Germany). Right legs of the rats were shaved and their gluteal region incised with a thin cut 

under deep anesthesia. Subsequently, biceps femoris muscle was dissected and sciatic nerve was 

removed. Collagen membrane (in Epigui, Riemser Inc., Germany) was placed about 10 mm 

above of nerve branch. After collagen membrane was fixed to the nerve, 5mm gap was occurred 

by means of resection. Finally gap region was completely surrounded and closed by collagen 

membrane in tube form. Thus, standard gap was provided for each rat (Figure 1). 

 

 

2.3. Electrophysiological Analysis 

 The electromyography (EMG) procedures were performed shortly before the rats were sacrified 

at 90
th

 day of operation for each group at Ondokuz Mayıs University Medical Faculty, 

Laboratory of Physiology Department. Nerve stimulation and recording were performed using a 

Power Lab 4SP device (AD Instruments, Sydney, Australia) and data were stored on the Scope 

software program (Version 3.7.2., AD instruments). The stimulating electrode was placed on 

nearly 10 mm distal of sciatic nerve. Also the EMG records were obtained using electrode, which 

placed 2.5 cm distance from stimulating electrode on gastrocnemius muscle (Figure 2). The 

stimulating voltages between 0.01 and 10 mV were applied. The latency and peak-peak 

amplitude of potential (p-p amplitude) were measured by using action potential curve. Finally the 

average of 3 action potential curve was evaluated for each rat and data were statistically 

compared to each other. 

 

2.4. Tissue Processing 

  Following the electrophysiological analysis, rats were sacrified nerve samples were removed 

and fixed in 5 %gluteraldehyde solution to histological and stereological evaluations .After 

embedding samples were cut into  70 nm and 500nm-thickness sections using an ultramicrotome 

(Leica Ultracut UCT, Leica Microsystems GmbH, and Germany). Thin sections were stained 

with uranyl acetate- lead citrate for electron microscopic analysis and semi-thin sections were 

stained with % 1 toluidine blue for light microscopic examination. For electron microscopy, 

samples were evaluated using electron microscope (JEN-1010, JEOL, Tokyo,Japan) in Cavalieri 

Neuroscience Institute of Turin University, Italy in point of unmyelinated fibers, myelin 

thickness and axon area (Kaplan et al., 2013). For light microscopy, semi-thin sections were 
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evaluated using stereology workstation (Stereoinvestigator 9.0, MicroBrieldField; 

Colchester,USA) in histology and embryology department of Ondokuz Mayıs University, Turkey 

in terms of myelinated fibers, myelin thickness and axon area (Kaplan et al., 2013; Altunkaynak 

et al., 2012). 

 

2.5. Statistical Analysis  

 Data were analyzed using statistical software package program SPSS 21.0 for Mac (IBM 

Corporation). In comparison the groups, One Way ANOVA (Tukey's post-hoc test) was used and 

p-values < 0.05 were accepted as statistically significant 

 

 

 

 

 

3. Results 

3.1. Obesity Groups 

3.1.1. Myelinated and Unmyelinated Axon Numbers  

Stereological results showed  no significantly difference between OG, Cont in terms of the 

number of myelinated and unmyelinated axons (p > 0.05). Although the number of myelinated 

axons highly significant increased in OGG, the number of unmyelinated axons highly significant 

decreased in OGG compared to OG and Cont (p < 0.01) (Figure 2, 3, 4) (Table 1). 

 

3.1.2. Estimation of Surface Area, Myelin Thickness and Myelin Thickness/Axon Diameter 

Ratio 

 There was no significantly difference between Cont and OG in comparison of axon areas, 

myeline thickness and myelin thickness/axon diameter ratio (p > 0.05).  But also it was observed  

a highly significant increase in OGG compared to OG and Cont in term of axon surface area and 

myelin thickness (p < 0.01). Conversely when the data of myelin thickness/axon diameter ratio 

were examined, there was a highly significant decrease in OGG compared to other groups (p < 

0.01) (Figure 2, 3, 4) (Table 1). 
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3.1.3. Comparison of Amplitude and Latency Values  

  When the amplitude and latency values were compared among the groups, no significantly 

difference was found between Cont and OG (p>0.05). There was a highly significant decrease in 

OGG group in comparison with the Cont and OG relating to amplitude values (p<0.01). Also 

latency in OGG group was increased compared to Cont and OG (p<0.01) (Table 1). 

 

3.2. Melatonin Groups 

3.2.1.Myelinated and Unmyelinated Axon Numbers 

 The stereological data showed  no significantly difference in OMG compared with Cont and OG 

(p>0.05) in terms of myelinated and unmyelinated axon number. On the other hand, myelinated 

axons number of OMGG high significantly increased compared to OMG, OG and Cont (p<0.01). 

Contrarily, myelinated axons number of OMGG high significantly decreased compared to OMG, 

OG and Cont (p<0.01). Although no significantly difference between OGG and OMGG in terms 

of unmyelinated groups (p>0.05), a significantly decreasing in OMGG compared with OGG 

(p<0.01) (Figure 2, 3, 4) (Table 1). 

 

3.2.2. Estimation of Surface Area, Myelin Thickness and Myelin Thickness/Axon Diameter 

Ratio 

 There was no significantly difference in OMG compared with Cont and OG with reference to 

axon surface area (p>0.05). Also axon surface area in OMGG decreased compared to OMG, OG 

and Cont (p<0.01). Moreover, there was no significantly difference between OGG and OMGG 

(p>0.05). Additionally it was observed that myelin sheat in Cont, OG, OMG was thicker than 

OMGG an OGG (p<0.01). There was no significantly difference among Cont, OG, and OMG in 

comparison of myelin thickness and myelin thickness/axon diameter ratio (p>0.05). 

Correspondingly, there was no significantly difference between OMGG and OGG (p>0.05) 

(Figure 2, 3, 4) (Table 1). 

 

3.2.3. Comparison of Amplitude and Latency Values  

 The stereological data represented that there was no significantly differences among Cont, OG 

and OMG in terms of latency and amplitude (p>0.05). Also amplitude highly significant 

decreased in OG compared to other melatonin groups and Cont (p<0.01). When the latency was 
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evaluated there was no significantly difference Cont and OB (p>0.05). Moreover, latency in 

OMGG significantly increased compared to OMG (p<0.05), highly significant increased 

compared to Cont and OB (p<0.01). When the difference between latency values of OMG and 

Cont, a highly significant increased in OMG compared to Cont (p<0.01). Similarly, the 

amplitude value was found as increased in OMG compared to OMGG (p<0.05) (Table 1). 

 

3.3. Leptin Groups 

3.3.1. Myelinated and Unmyelinated Axon Numbers 

 No significantly difference between Cont, OB and OLG was found in terms of myelinated and 

unmyelinated axon number (p>0.05). Also a highly significant increase in myelinated axon 

number of OLGG and contrarily a highly significant decrease in unmyelinated axon number of it 

was found in comparison with Cont (p<0.01). Additionally, a highly significantly increase in 

OLGG and OLG compared to OG in terms of myelinated axon number (p<0.01). When the 

unmyelinated axons examined, a highly significant decrease in OLGG was stand out compared to 

Cont, OG, OLG and OB (p<0.01) (Figure 2, 3, 4) (Table 1). 

 

3.3.2. Estimation of Surface Area, Myelin Thickness and Myelin Thickness/Axon Diameter 

Ratio 

Upon analyzing data of surface area, there was no significantly difference between Cont and 

OLG (p>0.05). But surface area of OB was significantly increased compared to OLG (p<0.01).  

Although any differences was not observed between OLGG and OG (p>0.05), a highly 

significant difference in surface area of OLGG compared to Cont, OB, OLG (p<0.01).  

Similarly, there was no significantly difference among Cont, OB and OLG when the myelin 

thickness was estimated (p>0.05). The myelin thickness in OLGG and OG was highly 

significant thinner than Cont, OB and OLG (p<0.01). At the same time, no significantly 

difference between OLGG and OG was found (p>0.05). Considering that the myelin thickness/ 

axon diameter ratio, there was no significantly difference between Cont and OLG (p>0.05). 

Additionally, the ratio in OLGG and OG was highly significant lower than Cont and OLG 

(p<0.01).  When the ratio of OG was compared with OLG and OLGG, there was no significantly 

difference (p>0.05) (Figure 2, 3, 4) (Table 1). 
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3.3.3. Comparison of Amplitude and Latency Values  

 When the statistical data was examined, no significantly difference among Cont, OB and OLG 

in terms of amplitude and latency (p>0.05). The amplitude value of OLGG and OG was highly 

significant decreased compared to Cont, OB and OLG (p<0.01).   Additionally, the amplitude 

value of OLGG was highly significantly increased in comparison with OG (p<0.01).  Examining 

that the statistical analysis of latency values, a highly significant increase in OLG and OLGG 

was determined compared to Cont (p<0.01). Also there was no significantly difference between 

latency values of OB and OLG, OB and OLGG (p>0.05). But a highly significantly decreased in 

OLG compared to OLGG (p<0.01). Additionally, there was a highly significant increase in OG 

compared to other groups (p<0.01) (Table 1). 

 

 

 

 

3.4. ALCAR Groups 

3.4.1. Myelinated and Unmyelinated Axon Numbers 

 Stereological data of AC groups showed no significantly difference in OAG compared with 

Cont and OG in terms of myelinated and unmyelinated axon number (p>0.05). Furthermore, 

myelinated axons number of OAGG high significantly increased compared to OAG, OG and 

Cont (p<0.01). Similarly, no significantly difference between OGG and OAGG in terms of 

myelinated axon number (p>0.05). Contrarily, there was a highly significant decrease 

unmyelinated axons of OAGG compared with OAG, Cont and OG (p<0.01). However, 

unmyelinated axon number in the OAGG was highly significant increased compared to OGG 

(p<0.01) (Figure 2, 3, 4) (Table 1). 

 

3.4.2. Estimation of Surface Area, Myelin Thickness and Myelin Thickness/Axon Diameter 

Ratio 

 In terms of surface area, no significantly difference between OG and OAC (p>0,05)were found. 

Moreover there was a highly significant decrease in OAGG compared to Cont and contrarily 

there was a highly significant increased in OAC compared to OAGG and Cont (p<0, 01). 

However, there was no significantly difference between OGG and OAGG (p>0,05). 
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 When examined the myelin thickness statistically, there was no significantly difference between 

Cont and OAC (p>0,05). Also there was a highly significant decrease in myelin thickness of 

OAGG compared to Cont and OG (p<0, 01). Additionally, there was a highly significant increase 

myelin thickness of OAC compared to OGG (p<0, 01). 

  When evaluated the myelin thickness/axon diameter ratio, no significantly difference between 

Cont and OAC pointed out (p>0,05).Similarly, there was no significantly difference between OG 

and OAC (p>0,05). But also when compared to OG, there was a highly significantly increase in 

myelin thickness/axon diameter ratio of OAGG (p<0,01). Contrary to this, there was no 

significantly difference between OGG and OAGG (p>0,05). Additionally, there was a highly 

significant increased in OAGG compared to OAC (p<0,01) (Figure 2, 3, 4) (Table 1). 

 

 

 

3.4.3. Comparison of Amplitude and Latency Values  

   Statistically, no significantly difference between amplitude values of Cont and OAC 

(p>0,05)were found. However, there was a highly significant decrease in OAGG compared to 

Cont and OG (p<0,01). Additionally, there was a highly significant increase in OAC compared 

to OGG and OAGG (p<0,01). 

  In terms of latency values, there was highly significant increase in OAGG compared to Cont 

and OG (p<0,01). Similarly, there was highly significant increase in OAC compared to Cont and 

OG (p<0,01). But no significantly difference between OAGG and OAC when evaluated the 

latency values (p>0,05). Also latency values in OGG was highly significantly higher than the 

OAC and OAGG (p<0,01) (Table 1). 

Group Myelinated 

Axon numbers 

 

Mean± SE 

Unmyelinated 

Axon numbers  

 

Mean± SE 

Axon Area 

(µm
2
)  

 

Mean± SE 

Myelin 

Thickness  

(µm)  

Mean± SE 

Amplitude 

(mV)  

 

Mean± SE 

Latency 

(s) 

 

Mean± SE 
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Table 1. Mean values for myelinated, unmyelinated axon numbers, axon area, and myelin 

thickness obtained from the stereological estimation and mean values for amplitude and latency 

obtained from electromyography analysis. 

 

 

 

4. Discussion 

  Peripheral nerve injury leads to partial or total loss in the motor, sensory and autonomic 

function. This process ends up with degeneration of nerve fiber and cell death. Therefore, the 

peripheral nervous system injuries can lead to serious disability (Navarro et al., 2007). Even 

though recovery of peripheral nerve system was considered as easier than recovery of central 

nervous system, the nerve regeneration mechanism it is still not fully understood. Although the 

role of several molecules in these mechanisms is still unknown, especially interactions between 

the different moleucles are not clear (Allodi et al., 2012). 

  Obesity is a serious health problem which has a high incidence in both of developed and 

developing countries. Especially the high incidence in children and young adults draws attention 

to the increasing health risks (Wang et al., 2002; Das, 2010). Although the low sympathetic 

activities of some region in the body such as skeletal muscle and adipose tissue were considered 

as a risk factor, there is not enough literature about effect of obesity on peripheral nerve 

CONT 7549,83± 48,61 17228,49±485,43 17,39±1,36 1,19±0,06 46,02±1,22 1,34±0,02 

OG 78872,76±74,86 16748,49±176,25 30,57±1,040 1,22±0,03 47,89±2,41 1,20±0,06 

OGG 11479,69±181,09 8600,47±298,11 5,97±0,12 0,65±0,01 8,82±0,80 2,58±0,10 

OMG 7669,35±116,70 15717,46±306,62 30,29±1,57 1,20±0,04 45,19±3,43 1,87±0,14 

OMGG 9762,12±220,55 7154,59±252,22 6,23±0,29 0,65±0,01 33,75±2,30 2,46±0,19 

OLG 7495,91±98,59 17709,26±149,39 26,02±0,34 1,12±0,01 43,45±0,74 1,72±0,13 

OLGG 9102,62±275,61 6579,22±233,21 6,86±0,27 0,64±0,00 31,48±2,54 2,12±0,15 

OAG 7838,02±264,34 17055,71±255,25 32,89±1,58 1,36±0,04 26,2±0,97 2,05±0,05 

OAGG 11124,03±218,69 14589,19±166,67 6,58±0,11 0,67±0,00 47,81±2,06 2,27±0,20 
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regeneration (Davy and Orr, 2009). The present study allows discussing about the role of obesity 

with neuroproctective agents on peripheral nerve injury. Following the gap in the sciatic nerve, 

the degree of regeneration was observed. Gap style is suitable model in terms of a possible 

regeneration. But in this case, the main problem is non-standardization of injury. Therefore, in 

our study, 5 mm gap created in all experimental procedures to minimize these doubts. 

 There are a lot of studies about functional and morphological approaches in the injury model 

(Luís et al., 2007; Tos et al., 2008; Piskin et al., 2009; Kaplan et al., 2010; Gärtner et al., 2012). 

But none of them provide sufficient information regarding the nerve function itself. This 

evaluation gives us information about different stage of degeneration and so there is no 

correlation among them (Kanaya et al., 1996; Varejao et al., 2004). From this view point, the 

combination of electrophysiological, histological and stereological methods was performed in 

the present study in order to determine the degree of regeneration. 

  Axonal regeneration is one of the unique biological processes including cellular repair rather. 

The essential purpose of regeneration is recycyling the initial morphology of each cell. The 

various events such as proliferation of fibroblasts, endothelial cells and Schwann cells in the 

local wound healing regions are necessary for this recycling. This peripheral gap region is 

characterized with exudation, increased cell proliferation and collagen synthesis (Lundborg, 

2004). Axonal regeneration rate is slower in nerve with gap. GAP formation also significantly 

increase the number of axons sprouts (Brushart, 2011). After the injury, within a few hours, a lot 

of ends extending from the proximal to the distal of axon begin to appear. This axon sprouts 

degenerate and replace the permanent sprouts. Each axon in distal Schwann cell tube continues 

to collaterals branching. Also this process results with axon formation in the regenerating nerve 

(Geuna et al., 2009). 

 Schwann cells are essential structural and functional cells in the regeneration and contribute to 

the axonal regeneration via consecutive three different ways. To promote the axonal growth, this 

process consists of secretion of several neurotrophic factors, creating roof of regenerating axons 

by expression of adhesion molecules and formation of myeline for transmission (Geuna et al., 

2009; Wang et al., 2012). The loss of contact between the axon and the Schwann cells are 

considered a signal for inducing axonal regeneration in three different ways (Geuna et al., 

2009).It was suggested that adipose derived stem cells increase the regeneration in peripheral 

nerve with gap and stimulate the axonal growth in proximal segment, Schwann cell proliferation 
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in distal segment (di Summa et al., 2010; Erba et al., 2010). This process provides an advantage 

in decrease time between injury and treatment time (Terenghi et al., 2009). Obesity groups in our 

study, the increase of  adipose tissue surrounding epineurium may affect epineural connective 

tissue elements. On account of this, axonal regeneration in obese group may be higher compared 

to Cont. Axonal surface area and myelin thickness was parameters regarding maturity level of 

nerve fiber (Varejao et al., 2004). During the regeneration, axon sprouts expands, mature and 

reach to approximately normal diameter in initial (Lundborg, 2004). Regarding this aspect, 

statiscal difference between Cont and OGG, OGG and OB in terms of myelin thickness and axon 

surface area is an expected result. Because surface area and myelin thickness of axon sprouts 

following gap formation is smaller than intial and there is no entirely maturation. In this context, 

coinciding of myelin thickness and degree of myelination with amplitude and latency values 

confirmed our foresights about myelin thickness of regenerated axons. Regarding the degree of 

myelination, increasing statistical difference between Cont and OGG, OG and OGG in myelin 

thickness/ axon diameter ratio indicated that decrease in axon diameter was higher than myelin 

thickness. During the regenerarion, axon sprouting from myelinated nerve stimulates Schwann 

cell in distal segment to form the myelin sheat. Unmyelinated axons initially regenerated to 

distal myelinated nerve fiber but also they remain as unmyelinated fibers (Lundborg, 2004). 

Following the gap formation, the lot of unmyelinated axon degenerates, some of them don’t 

reach to distal part and thus unmyelinated axon number decrease compared to pre-regeneration 

period. Therefore Statiscal differences between Cont and OGG, OG and OGG may be regarding 

this decrease.  

   Melatonin, as a neuroproctetive agent, has a strong free radical scavenging effect (Poeggeler et 

al., 1994; Sayan et al., 2004). Melatonin shows the antioxidant effect by two ways. First 

mechanism depends on direct effect on toxic radicals because, melatonin has high affinity for 

these radicals. The second mechanism depends on enzymes stimulation via receptors (Atik et al., 

2011). The decreasing statistical difference between OG and OMG in terms of myelinated and 

unmyelinated axon number revealed that melatonin shows a different effect in obesity. As 

known, melatonin reduces the white adipose tissue mass and prevent the gaining weight. Also it 

increases brown adipose tissue formation and oxidative phosphorylation activity of mitochondria 

and shows positive effect on metabolic activity of the tissue. Regarding this point of view, 

melatonin may show antiobesity effect (Tan et al., 2011; Terrón et al., 2013). As a result of this 
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effect of melatonin in obes rats, decreased white adipose tissue mass and increased metabolic 

activity in brown adipose tissue may decrease the energy required for regeneration and 

population of stem cell in white adipose tissue. 

 Additionally, during the axonal regeneration, contact between axon sprout and Schwann cell 

initiates a lot of activities of Schwann cells such as secretion of neurotrophical factors, 

stimulation of myeline sheat (Lundborg, 2004). In terms of EMG amplitude values, increasing 

statistical difference between OG and OMGG, also no statistical difference between OMG and 

OMGG is considered due to increase of Schwann cell activation by melatonin rather than 

increased the number of myelinated axons. Whereat, melatonin may increase the myelinization 

degree. When the myelin sheat structure consists of lipid and protein considered, in terms of 

EMG amplitude values, no difference between OMG and OMGG is explainable (Garbay et al., 

2000; Sayan et al., 2004). In this context, this statistical result is due to lack of physiological 

doses. 

   High fat diet leads to constant and increased leptin level. So, increased plasma leptin level is 

regarding to leptin resistance (Frederich et al., 1995; Banks et al., 2006). The essential effect of 

leptin focused on increase the feeling of satiety and decrease body weight. Therefore, gradually 

increasing leptin resistance occurs in normal experimental animals which fed with high fat diet 

(Haffner et al., 1996). Several studies reported that administration of leptin 122 increases the 

sympathetic activity (Cao et al., 1997; Haynes et al., 1997a; Haynes et al., 1997b). Contrarily, 

some studies show that leptin administration can suppress nervous system. In this case, it can be 

said that central nervous system response of obes rats to systemic leptin administration is 

different than others. However, in case of restriction of food intake, enhancing sympathetic 

activity by leptin shows that this different effect in obes rats is reversible (Lu et al., 1998). 

Fedding of rats with high fat diet during the experimental process showed that mentioned 

reversible effect was eliminated. Systemic leptin administration stimulates factors that inhibit the 

proliferation of all cell types in adipose tissue in normal rats and increase the number of 

preadipocytes to increase the expansion of adipose tissue mass (Harris, 2013). When the 

examined the data of EMG amplitude values, increasing statistical difference between OGG  and 

OLGG indicates the possible increased  Schwann cell population depending on density of stem 

cells and hence increased myelinization degree. In terms of myelin thickness / axon diameter 

there is no statistical difference between OGG and OLGG in the present study. This case 
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indicates that exogen leptin administration in the obes rats lead to decrease in loss of myelin 

thicknes in proportion to axon diameter. These results confirm our views regarding increased 

myelinization degree in obes groups. 

    Neuronal survival and regeneration is dependent on neurotrophic factors and needs metabolic 

pathways which provide a high level of energy such as aerobic respiration. ALCAR, as a 

physiological peptide, is an antioxidant and enhances the nerve growth factor 123 and neuronal 

response. After the nerve injury, it prevents the active cell death by suppressing mitochondrial 

oxidative stress and it also reduces nerve loss after axotomy (Wilson et al., 2010). Also it was 

reported that AC increased the regeneration after peripheral nerve, independently of the effect on 

neuronal survivor (McKay Hart et al., 2002). After the primary nerve repair, AC administrated 

systematically, increased the nerve regeneration as both qualitative and quantitative and as a 

result of this, positive effects on sensory and motor innervation of the target organ occur (Wilson 

et al., 2010). But also the whole mechanism in reducing of sensory neuron losses is not clear. It 

has been suggested that AC meet the requirement of neuronal energy after nerve injury. 

Especially, this function performs by facilitating the transport of long-chain free fatty acids 

through the inner membrane of mitochondria (Wilson et al., 2007).Additionally, it has 

neuroprotective affect such as accelerating the transport and renewal of acetyl grous, increase of 

mitochondrial DNA activity, raising the affinity of nerve growth factor by means of upregulating 

the NGF expression (Hart et al., 2004).There is no significantly difference between OGG and 

OAGG in terms of myelinated axon number and this result showed that AC has no effect like 

mentioned above in obesity.Also the statistical difference between OGG and OAGG in terms of 

unmyelinated axon number may be related to neuroprotective effects of AC. Eventhough there is 

no significant difference between nonobese groups and unmyelinated axon number in nonobese 

groups was closed to number of groups without gap, As a result of this, neuroprotective and 

regenerative effect  of AC was considered.  

   Briefly, administration of Lep, Mel and AC may benefit to regeneration and myelination 

process in obese rats. We believe that our findings will encourage the researcher to investigate 

the new ways. 

 

Ethics statements 



16 
 

The Animal Ethics Committee of Ondokuz Mayıs University approved the protocol and 

appropriate measures were taken to minimize pain or discomfort of the animals by our study 

group. The experimental part of this study and stereological examination was performed at 

Ondokuz Mayıs University, Department of Histology and Embryology. 

 

Conflict the Interest Statement 

The authors declare that there is no conflict of interest. 

 

Acknowledgements 

We would like to thank to Prof.Dr.Süleyman Kaplan and all colleagues. This work was supported 

by Ondokuz Mayıs University, project management office. 

 

 

 

 

 

 

 

References 

 

Allodi, I., Udina, E., Navarro, X. Specificity of peripheral nerve regeneration: interactions at the 

axon level. Prog Neurobiol. 2012; 98: 16-37.   

Altunkaynak, B.Z., Onger, M.E., Altunkaynak, M.E., Ayranci, E., Canan, S. A Brief 

Introduction to Stereology and Sampling Strategies: Basic Concepts of Stereology. 

Neuroquantology. 2012; 10: 31-43.   

Altunkaynak, M.E., Ozbek, E., Altunkaynak, B.Z., Can, I., Unal, D., Unal, B. The effects of 

high-fat diet on the renal structure and morphometric parametric of kidneys in rats. J 

Anat. 2008; 212: 845-852.   

Auwerx, J., Staels, B. Leptin. Lancet. 1998; 351: 737-742.   



17 
 

Avraham, Y., Davidi, N., Lassri, V., Vorobiev, L., Kabesa, M., Dayan, M., Chernoguz, D., 

Berry, E., Leker, R.R. Leptin induces neuroprotection neurogenesis and angiogenesis 

after stroke. Curr Neurovasc Res. 2011; 8: 313-322. 

Aygun, D., Kaplan, S., Odaci, E., Onger, M.E., Altunkaynak, M.E. Toxicity of nonsteroidal anti-

inflammatory drugs: a review of melatonin and diclofenac sodium association. Histol 

Histopathol. 2012; 27: 417-436.   

Banks, W.A., Farr, S.A., Morley, J.E. The effects of high fat diets on the blood-brain barrier 

transport of leptin: failure or adaptation? Physiol Behav. 2006; 88: 244-248.   

Chang, H.M., Huang, Y.L., Lan, C.T., Wu, U.I., Hu, M.E., Youn, S.C. Melatonin preserves 

superoxide dismutase activity in hypoglossal motoneurons of adult rats following 

peripheral nerve injury. J Pineal Res. 2008; 44: 172-180.   

Cheng L, Liu Y, Zhao H, Zhang W, Guo YJ, Nie L.Lentiviral-mediated transfer of CDNF 

promotes nerve regeneration and functional recovery after sciatic nerve injury in adult 

rats. Biochem Biophys Res Commun. 2013. 440(2):330-5. 

Chrysostomou, V., Rezania, F., Trounce, I.A., Crowston, J.G. Oxidative stress and 

mitochondrial dysfunction in glaucoma. Curr Opin Pharmacol. 2013; 13: 1215. 

Das, U.N. Obesity: genes, brain, gut, and environment. Nutrition. 2010; 26: 459-473.   

Davy, K.P., Orr, J.S. Sympathetic nervous system behavior in human obesity. Neuroscience & 

Biobehavioral Reviews. 2009; 33: 116-124.   

 di Summa, P.G., Kingham, P.J., Raffoul, W., Wiberg, M., Terenghi, G., Kalbermatten, D.F. 

Adipose-derived stem cells enhance peripheral nerve regeneration. J Plast Reconstr 

Aesthet Surg. 2010; 63: 1544-1552.   

Erba, P., Mantovani, C., Kalbermatten, D.F., Pierer, G., Terenghi, G., Kingham, P.J. 

Regeneration potential and survival of transplanted undifferentiated adipose tissue-

derived stem cells in peripheral nerve conduits. J Plast Reconstr Aesthet Surg. 2010; 63:  

Feng, Z., Qin, C., Chang, Y., Zhang, J.T. Early melatonin supplementation alleviates oxidative 

stress in a transgenic mouse model of Alzheimer's disease. Free Radic Biol Med. 2006; 

40: 101-109.   

Folch, J., Pedros, I., Patraca, I., Sureda, F., Junyent, F., Beas-Zarate, C., Verdaguer, E., Pallas, 

M., Auladell, C., Camins, A. Neuroprotective and anti-ageing role of leptin. J Mol 

Endocrinol. 2012; 49: 149-156.   



18 
 

Frederich, R.C., Hamann, A., Anderson, S., Lollmann, B., Lowell, B.B., Flier, J.S. Leptin levels 

reflect body lipid content in mice: evidence for diet-induced resistance to leptin action. 

Nat Med. 1995; 1: 1311-1314.   

Garbay, B., Heape, A.M., Sargueil, F., Cassagne, C. Myelin synthesis in the peripheral nervous 

system. Prog Neurobiol. 2000; 61: 267-304.   

Gärtner, A., Pereira, T., Armada-da-Silva, P.A.S., Amorim, I., Gomes, R., Ribeiro, J., França, 

M.L., Lopes, C., Porto, B., Sousa, R., Bombaci, A., Ronchi, G., Fregnan, F., Varejão, 

A.S.P., Luís, A.L., Geuna, S., Maurício, A.C. Use of poly(DL-lactide-ε-caprolactone) 

membranes and mesenchymal stem cells from the Wharton's jelly of the umbilical cord 

for promoting nerve regeneration in axonotmesis: In vitro and in vivo analysis. 

Differentiation. 2012; 84: 355-365.   

Geuna, S., Raimondo, S., Ronchi, G., Di Scipio, F., Tos, P., Czaja, K., Fornaro, M. Chapter 3: 

Histology of the peripheral nerve and changes occurring during nerve regeneration. Int 

Rev Neurobiol. 2009; 87: 27-46.   

Haffner, S.M., Stern, M.P., Miettinen, H., Wei, M., Gingerich, R.L. Leptin concentrations in 

diabetic and nondiabetic Mexican-Americans. Diabetes. 1996; 45: 822-824.   

Harris, R.B. Direct and indirect effects of leptin on adipocyte metabolism. Biochim Biophys 

Acta. 2013.   

Haynes, W.G., Morgan, D.A., Walsh, S.A., Mark, A.L., Sivitz, W.I. Receptormediated regional 

sympathetic nerve activation by leptin. J Clin Invest. 1997a; 100: 270-278.   

Haynes, W.G., Sivitz, W.I., Morgan, D.A., Walsh, S.A., Mark, A.L. Sympathetic and 

cardiorenal actions of leptin. Hypertension. 1997b; 30: 619-623.   

Kanaya, F., Firrell, J.C., Breidenbach, W.C. Sciatic function index, nerve conduction tests, 

muscle contraction, and axon morphometry as indicators of regeneration. Plast Reconstr 

Surg. 1996; 98: 1264-71, discussion 1272-1274.   

Kaplan, S., Geuna, S., Ronchi, G., Ulkay, M.B., von Bartheld, C.S. Calibration of the 

stereological estimation of the number of myelinated axons in the rat sciatic nerve: A 

multicenter study. Journal of Neuroscience Methods. 2010; 187: 9099.   

Kaplan, S., Piskin, A., Ayyildiz, M., Aktas, A., Koksal, B., Ulkay, M.B., Turkmen, A.P., Bakan, 

F., Geuna, S. The effect of melatonin and platelet gel on sciatic nerve repair: an 

electrophysiological and stereological study. Microsurgery. 2011; 31: 306-313.   



19 
 

Knecht, S., Ellger, T., Levine, J.A. Obesity in neurobiology. Prog Neurobiol. 2008; 84: 85-103.   

Knighton, D.R., Hunt, T.K., Thakral, K.K., Goodson, W.H., 3rd. Role of platelets and fibrin in 

the healing sequence: an in vivo study of angiogenesis and collagen synthesis. Ann Surg. 

1982; 196: 379-388.   

Leon, J., Acuna-Castroviejo, D., Escames, G., Tan, D.X., Reiter, R.J. Melatonin mitigates 

mitochondrial malfunction. J Pineal Res. 2005; 38: 1-9.   

López-Iglesias B, Pérez C, Morales-García JA, Alonso-Gil S, Pérez-Castillo A, Romero A, 

López MG, Villarroya M, Conde S, Rodríguez-Franco MI.J Med Chem. 2014 May 

8;57(9):3773-85. 

Lu, H., Duanmu, Z., Houck, C., Jen, K.L., Buison, A., Dunbar, J.C. Obesity due to high fat diet 

decreases the sympathetic nervous and cardiovascular responses to 

intracerebroventricular leptin in rats. Brain Res Bull. 1998; 47: 331-335.   

Lu, Q., Zhang, Y., Elisseeff, J.H. Carnitine and acetylcarnitine modulate mesenchymal 

differentiation of adult stem cells. J Tissue Eng Regen Med. 2013.   

Luís, A.L., Amado, S., Geuna, S., Rodrigues, J.M., Simões, M.J., Santos, J.D., Fregnan, F., 

Raimondo, S., Veloso, A.P., Ferreira, A.J.A., Armada-da-Silva, P.A.S., Varejão, A.S.P., 

Maurício, A.C. Long-term functional and morphological assessment of a standardized rat 

sciatic nerve crush injury with a non-serrated clamp. Journal of Neuroscience Methods. 

2007; 163: 92-104.   

Lundborg, G. Nerve injury and repair. Regeneration, reconstruction and cortical remodelling. 

Philadelphia, Churchill Livingstone. 2004; 114-155.   

McKay Hart, A., Wiberg, M., Terenghi, G. Pharmacological enhancement of peripheral nerve 

regeneration in the rat by systemic acetyl-L-carnitine treatment. Neurosci Lett. 2002; 

334: 181-185.   

Muratori, L., Ronchi, G., Raimondo, S., Giacobini-Robecchi, M.G., Fornaro, M., Geuna, S. Can 

regenerated nerve fibers return to normal size? A long-term post-traumatic study of the 

rat median nerve crush injury model. Microsurgery. 2012; 32: 383-387.   

Naggert, J., Harris, T., North, M. The genetics of obesity. Curr Opin Genet Dev. 1997; 7: 398-

404.   

Navarro, X., Vivó, M., Valero-Cabré, A. Neural plasticity after peripheral nerve injury and 

regeneration. Prog Neurobiol. 2007; 82: 163-201.  



20 
 

New melatonin-N,N-dibenzyl(N-methyl)amine hybrids: potent neurogenic agents with 

antioxidant, cholinergic, and neuroprotective properties as innovative drugs for 

Alzheimer's disease. 

Ori, C., Freo, U., Pizzolato, G., Dam, M. Effects of acetyl-L-carnitine on regional cerebral 

glucose metabolism in awake rats. Brain Res. 2002; 951: 330-335.   

Pandi-Perumal, S.R., Srinivasan, V., Maestroni, G.J., Cardinali, D.P., Poeggeler, B., Hardeland, 

R. Melatonin: Nature's most versatile biological signal? FEBS J. 2006; 273: 2813-2838.   

Perez-Gonzalez, R., Antequera, D., Vargas, T., Spuch, C., Bolos, M., Carro, E. Leptin induces 

proliferation of neuronal progenitors and neuroprotection in a mouse model of 

Alzheimer's disease. J Alzheimers Dis. 2011; 24 Suppl 2: 17-25.   

 Piskin, A., Kaplan, S., Aktas, A., Ayyildiz, M., Raimondo, S., Alic, T., Bozkurt, H.H., Geuna, 

S. Platelet gel does not improve peripheral nerve regeneration: an electrophysiological, 

stereological, and electron microscopic study. Microsurgery. 2009; 29: 144-153.   

Poeggeler, B., Saarela, S., Reiter, R.J., Tan, D.X., Chen, L.D., Manchester, L.C., Barlow-

Walden, L.R. Melatonin--a highly potent endogenous radical scavenger and electron 

donor: new aspects of the oxidation chemistry of this indole accessed in vitro. Ann N Y 

Acad Sci. 1994; 738: 419-420. 

Sandoval DA, Davis SN.Leptin: metabolic control and regulation. J Diabetes Complications. 

2003 Mar-Apr;17(2):108-13. 

Sayan, H., Ozacmak, V.H., Ozen, O.A., Coskun, O., Arslan, S.O., Sezen, S.C., Aktas, R.G. 

Beneficial effects of melatonin on reperfusion injury in rat sciatic nerve. J Pineal Res. 

2004; 37: 143-148.   

Shinozuka, K., Staples, M., Borlongan, C.V. Melatonin-based therapeutics for neuroprotection 

in stroke. Int J Mol Sci. 2013; 14: 8924-8947. 

Smeland, O.B., Meisingset, T.W., Borges, K., Sonnewald, U. Chronic acetyl-Lcarnitine alters 

brain energy metabolism and increases noradrenaline and serotonin content in healthy 

mice. Neurochem Int. 2012; 61: 100-107.   

Terenghi, G., Wiberg, M., Kingham, P.J. Chapter 21: Use of stem cells for improving nerve 

regeneration. Int Rev Neurobiol. 2009; 87: 393-403.   

Tos, P., Ronchi, G., Nicolino, S., Audisio, C., Raimondo, S., Fornaro, M., Battiston, B., 

Graziani, A., Perroteau, I., Geuna, S. Employment of the mouse median nerve model for 



21 
 

the experimental assessment of peripheral nerve regeneration. Journal of Neuroscience 

Methods. 2008; 169: 119-127.   

Varejao, A.S., Cabrita, A.M., Meek, M.F., Bulas-Cruz, J., Melo-Pinto, P., Raimondo, S., Geuna, 

S., Giacobini-Robecchi, M.G. Functional and morphological assessment of a 

standardized rat sciatic nerve crush injury with a non-serrated clamp. J Neurotrauma. 

2004; 21: 1652-1670.  811-817.   

Wang, Y., Monteiro, C., Popkin, B.M. Trends of obesity and underweight in older children and 

adolescents in the United States, Brazil, China, and Russia. Am J Clin Nutr. 2002; 75: 

971-977.   

Wang, Y., Zhao, Z., Ren, Z., Zhao, B., Zhang, L., Chen, J., Xu, W., Lu, S., Zhao, Q., Peng, J. 

Recellularized nerve allografts with differentiated mesenchymal stem cells promote 

peripheral nerve regeneration. Neurosci Lett. 2012; 514: 96-101.  

Wilding, J.P. Leptin and the control of obesity. Curr Opin Pharmacol. 2001; 1: 656661.   

Yiu G, He Z. Glial inhibition of CNS axon regeneration.Nat Rev Neurosci. 2006 Aug; 7(8):617-

27.  


