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Original Article

Objective: To assess the neuroprotective effects of local administration of 17- beta- estradiol on nerve 
regeneration. 
Methods: Sixty female Wistar rats were overiectomized and divided into four experimental groups (n=15), 
randomly: In autograft group a segment of sciatic nerve was transected and re-implanted reversely. In sham-
surgery group sciatic nerve was exposed and manipulated. In transected group left sciatic nerve was transected 
and stumps were fixed in adjacent muscle. In treatment group defect was bridged using a silicon conduit filled 
with 10 µL (0.1 mg/mL) 17- beta- estradiol. Each group was subdivided into four subgroups of five animals each 
and nerve fibers were studied in a 12-week period. 
Results: Behavioral, functional, biomechanical, electrophysiological and gastrocnemius muscle mass findings 
and morphometric indices confirmed faster recovery of regenerated axons in treatment group than in other 
groups (p<0.05). Immunohistochemical reactions to S-100 in treatment group were more positive than that in 
other groups. 
Conclusion: Local administration of 17-beta-estradiol improved functional recovery and morphometric indices 
of sciatic nerve. It could have clinical implications for the surgical management of patients after facial nerve 
transection.
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Introduction

The ideal surgical repair technique should 
accomplish good wound healing with minimal 

scar formation and direct the nerve sprouts into their 
correct targets [1]. When primary repair cannot be 
performed without undue tension, nerve grafting is 
required. Autografts remain the standard for nerve 
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grafting material [2]. The results following nerve 
repairs are influenced by many parameters, such as 
the nature, location, and extent of the injury, the level 
and timing of the repair, the fascicular anatomy, and 
appropriateness of re-alignment of the injured nerve, 
and the surgical technique, as well as patient factors 
[3]. In addition to these factors in the regeneration 
of nerve repair, some pharmaceutical agents which 
are used locally at the site of nerve repair also have 
an effect [4].

Estrogen belongs to the unique superfamily of 
hormones which regulate expression of different 
genes involved in cell proliferation, growth, function 
and death [5]. In the nervous system, alpha and beta 
isoforms of estrogen receptors are not restricted to 
regions controlling reproductive function but are 
widely distributed in anatomically distinct regions 
[6]. Estrogen acts on neuronal cells through the 
classical genomic pathway by binding to steroid / 
thyroid super family nuclear receptors, which in turn 
activate expression of estrogen-regulated genes [5]. 
Another possible mechanism of action of estrogen 
in neurons is modulation of membrane-initiated cell 
signaling pathways, involving MAP kinases [7]. 
Effects of estrogen on the nervous system are quite 
diverse. The neuroprotective effect of estrogen on 
neuronal cells was observed in tissue and cell culture 
conditions [8,9]. It has been shown that estrogen 
enhances regeneration of neurons in hamster 
facial motor nucleus [10]. Estrogen–progesterone 
treatment was used to suppress the scar reaction 
after transection and suture of the sciatic nerve 
and to stimulate muscle re-innervation following 
crush injury of the sciatic nerve [11,12]. Both a 
and b isoforms of estrogen receptors are expressed 
in sensory neurons of dorsal root ganglions [13]. 
Recently, estrogen has been reported to be involved 
in proliferation of Schwann cells [14]. Schwann 
cells A major rate-limiting step in the induction of 
nerve regeneration across a gap is the proliferation, 
and migration of Schwann cells between the nerve 
stumps. Therefore, formation of a properly aligned 
extra cellular matrix scaffold is essential to enhance 
Schwann cell proliferation in a conduit, through 
which blood vessels and other cell types migrate 
and form primordial assembly for the formation of 
a new nerve structure [15]. We used silicon as a 
conduit to provide a scaffold to facilitate Schwann 
cells migration. Systemic treatment with estradiol 
is associated with several problems such as breast 
carcinogenesis [16]. Local administration of estradiol 
is selected in the present study as a therapy for 
injured nerves in order to avoid systemic side effects. 

To the best of authors’ knowledge the effects of 
local estradiol application at the site of small gap 
transected sciatic nerve has not been studied. 
Aimed to study local effects of 17- beta- estradiol 
on peripheral nerve regeneration, this study was 
designed to determine if its local administration 
could in fact reduce dysfunction after nerve injury 

in the rat sciatic nerve transection model. 

Materials and Methods 

Study Design and Animals
Sixty ovariectomized female Wistar rats were 

included in this study. At baseline, body weight 
was determined and the animals were randomly 
stratified into four groups o15 rats in each group: 
Sham operation group (SHAM), transected control 
(TC), silicon conduit (Silicon) and 17- beta- estradiol 
treated group (Con./Estradiol). Each group was 
further subdivided into three subgroups of five 
animals each and surveyed 4, 8 and 12 weeks 
after surgery. Two weeks before and during the 
experiments, the animals were housed in individual 
plastic cages with an ambient temperature of 
23±3°C, stable air humidity and a natural day/night 
cycle. The rats had free access to standard rodent 
laboratory food and tap water. All measurements 
were made by two blinded observers unaware of 
the analyzed groups. 

Preparation of Overiectomized Rats
The rats were overiectomized based on method 

described by others [17]. In brief, after peritoneal 
cavity was accessed, the adipose tissue was 
pulled away until the right uterine tube with the 
ovary surrounded by a variable amount of fat was 
identified. The ovary and associated fat were easily 
located and exteriorized by gentle retraction. The 
procedure was repeated for the left ovary through 
the same incision. After identifying the ovary and 
uterine horn, a Vicryl (Ethicon, Norderstedt) 4/0 
suture was performed around the area of the distal 
uterine horns, that was sectioned thereafter, and 
the ovaries were removed. The uterine horn was 
returned to the peritoneal cavity after the removal 
of ovaries. The peritoneum and the muscle layers 
were sutured with 4/0 Vicryl (Ethicon, Norderstedt) 
and the skin was sutured with 3/0 nylon (Dafilon, 
B/Braun, Germany). Povidone iodine was applied 
on the area to disinfect the skin after suturing. 
The procedure was maintained aseptic throughout 
the operation. After surgery, the rats were housed 
individually in polyurethane boxes for a period of 
one week to allow recovery and then re-grouped in 
their home cages.

Surgical Procedure
Overiectomized animals were anesthetized 

by intraperitoneal administration of ketamine 
5%, 90mg/kg (Ketaset 5%; Alfasan, Woerden, 
The Netherlands) and xylazine hydrochloride 
2%, 5mg/kg (Rompun 2%, Bayer, Leverkusen, 
Germany). The procedures were carried out based 
on the guidelines of the Ethics Committee of the 
International Association for the Study of pain 
[18]. The University Research Council approved all 
experiments. Through a muscle splitting approach, 
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the plane between gluteus maximus and biceps 
femoris was developed and the right sciatic nerve 
was clearly visible on the underlying hamstrings 
muscles. Sutures were passed through the nerve 
epineurium (one on each side), 3 mm apart at a level 
of 1 cm above the trifurcation of the nerve. Sutures 
had the same circumferential orientation on the 
nerve to restore spatial longitudinal nerve continuity. 
Before transection, both needles were driven through 
silicon conduit at each side 2 mm from the edge 
of the conduit. This facilitated proper and prompt 
insertion before endoneurial edema obscured the cut 
ends. Afterward, a complete transection between the 
sutures was undertaken and the cut ends of the nerve 
were driven carefully with the aid of the sutures 
inside the silicon conduit and held in place. 

A second epineurial suture was placed, at each 
side and through the conduit. After placement, the 
chambers were filled with10 µL a neutral pH sterile 
solution of 17- beta- estradiol (0.1 mg/mL) (Sigma-
AldrichChemie, Munich, Germany). In the sham-
operation group (SHAM), the left sciatic nerve was 
exposed through a gluteal muscle incision and after 
careful homeostasis the muscle was sutured with 
Vicryl (Ethicon, Norderstedt) 4/0 sutures, and the 
skin with 3/0 nylon (Dafilon, B/Braun, Germany). 
The rats were observed on a heating pad during 
recovery.

The animals of each group were anesthetized 
by intraperitoneal administration of ketamine-
xylazine (see above) and were perfused via left 
cardiac ventricle with a fixative containing 2% 
paraformaldehyde and 1% glutaraldehyde buffer 
(pH 7.4) at 4, 8 and 12 weeks after surgery. 

Behavioral Testing
Functional recovery of the nerve was assessed using 

the Basso, Beattie, and Bresnahan (BBB) locomotor 
rating scale for rat hind limb motor function [19]. 
Although BBB is widely used to assess functional 
recovery in spinal cord injured animals, however, it 
has been demonstrated that it could be most useful 
in assessment of never repair processes in peripheral 
nerve injuries [20]. Scores of 0 and 21 were given 
when there were no spontaneous movement and 
normal movement, respectively. A score of 14 shows 
full weight support and complete limbs coordination. 
BBB recordings were performed by a trained observer 
who was blinded to the experimental design. The 
testing was performed in a serene environment. The 
animals were observed and assessed within a course 
of a 4-minute exposure to an open area of a mental 
circular enclosure. BBB scores were recorded once 
before surgery in order to establish a baseline control 
and again weekly thereafter to assess functional 
recovery during 12 weeks. 

Functional Assessment of Reinnervation
Sciatic Functional Index (SFI)

Walking track analysis was performed 4, 8 and 12 

weeks after surgery based on the method of others 
[21]. The lengths of the third toe to its heel (PL), the 
first to the fifth toe (TS), and the second toe to the 
fourth toe (IT) were measured on the experimental 
side (E) and the contralateral normal side (N) in each 
rat. The sciatic function index (SFI) of each animal 
was calculated by the following formula:

SFI=-38.3×(EPL-NPL)/NPL+109.5×(ETS-NTS)/
NTS+13.3×(EIT-NIT)/NIT-8.8

In general, SFI oscillates around 0 for normal nerve 
function, whereas around -100 SFI represents total 
dysfunction. SFI was assessed in the NC group and 
the normal level was considered as 0. SFI was a 
negative value and a higher SFI meant the better 
function of the sciatic nerve.

Static Sciatic Index (SSI)
SSI is a time-saving digitized static footprint 

analysis described by others [22]. A good correlation 
between the traditional SFI and the newly developed 
static sciatic index (SSI) and static toe spread factor 
(TSF), respectively, has been reported by others [22]. 
The SSI is a time-saving and easy technique for 
accurate functional assessment of peripheral nerve 
regeneration in rats and is calculated using the static 
factors, not considering the print length factor (PL), 
according to the equation:

SSI=[(108.44×TSF)+(31.85×ITSF)].−5.49
Where: 
TSF=(ETS-NTS)/NTS
ITSF=(EIT-NIT)/NIT
Like SFI, an index score of 0 was considered normal 

and an index of −100 indicated total impairment. 
When no footprints were measurable, the index score 
of −100 was given. 

Electrophysiological Assessment
After 12 weeks, following the track test, all 

animals were subjected to electrophysiological 
studies using Nacro bio system 320-3760 A trace 
80 (USA). Under general anesthesia the left sciatic 
nerve was re-exposed by incision of the skin at the 
previous surgical site. Single electrical pulses (at 
supra maximal intensity) were delivered via bipolar 
electrodes placed in turn at the proximal and distal 
trunk of the regenerated nerve and electromyography 
(EMG) was recorded by inserting an electrode into 
the belly of gastrocnemius muscle. The latency and 
the amplitude of EMG were obtained. Also, the 
difference in latency of EMG was measured, and 
the distance between the proximal and distal sites of 
stimulation was measured to calculate the conduction 
velocity across the regenerated nerve. On the 
contralateral, right intact side of each animal, similar 
measurements were made for the determination of 
conduction velocity. The conduction velocity of the 
bridged nerve was expressed as a percentage of 
that on the intact side of each animal to cancel off 
variations between animals (% CVR).

The recovery index of EMG amplitude in all groups 
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was calculated based on Suzuki et al. using the 
following formula: 

Recovery index=Peak amplitude of the operated 
side/Peak amplitude of the intact side [23].

Biomechanical Testing
Following electrophysiological assessments the 

regenerated nerves were harvested and placed in 
a normal saline bath at room temperature. The 
samples were then fixed between frozen fixtures in 
a mechanical apparatus. The TA.XTPlus Texture 
Analyzer mechanical test device was used for the 
assessment (Stable Micro Systems, Surrey GU7 
1YL, UK). After 5 minutes, the frozen fixtures were 
tightened to ensure that no slippage occurred during 
testing. The initial length was set to 10 mm. Each 
sample was stretched at a constant rate of 1 mm/min. 
The load and displacement were sampled 5 times 
per second. Each sample was stretched to complete 
tensile failure. Samples were kept wet moist during 
testing using a drop of normal saline solution to the 
nerve segments.

Muscle Mass 
Recovery assessment was also indexed using 

the weight ratio of the gastrocnemius muscles 12 
weeks after surgery. Immediately after sacrificing of 
animals, gastrocnemius muscles were dissected and 
harvested carefully from intact and injured sides and 
weighed while still wet, using an electronic balance. 

Histological Preparation and Morphometric 
Studies

Nerve mid-substance in silicon group, nerve mid-
substance in Con./Estradiol treated group, midpoint 
of normal sciatic nerve (NC) and regenerated mid 
substance of TC group were harvested and fixed with 
glutaraldehyde 2.5%. They were post fixed in OsO4 
(2%, 2 h), dehydrated through an ethanol series and 
embedded in paraffin. The nerves were cut in 5 
μm in the middle, stained with toluidine blue and 
examined under light microscopy. Morphometric 
analysis was carried out using an image analyzing 
software (Image-Pro Express, version 6.0.0.319, 
Media Cybernetics, Silver Springs, MD, USA). 
Equal opportunity, systematic random sampling and 
two-dimensional dissector rules were followed in 
order to cope with sampling-related, fiber-location-
related and fiber-size related biases [24].

Immunohistochemical Analysis
In this study, anti-S-100 (1:200, DAKO, USA) was 

used as marker for myelin sheath. Specimens were 
post fixed with 4% paraformaldehyde for 2h and 
embedded in paraffin. Prior to immunohistochemistry 
nerve sections were dewaxed and rehydrated in PBS 
(pH 7.4). Then the nerve sections were incubated 
with 0.6% hydrogen peroxide for 30 minutes. To 
block non-specific immunoreactions the sections 
were incubated with normal swine serum (1:50, 

DAKO, USA). Sections were then incubated in 
S-100 protein antibody solution for 1h at room 
temperature. They were washed three times with 
PBS and incubated in biotinylated anti-mouse rabbit 
IgG solution for 1h. Horseradish peroxidase-labelled 
secondary antibody was applied for 1 h. After that all 
sections were incubated with 3,3’- diaminobenzidine 
tetrahydrochloride chromogene substrate solution 
(DAB, DAKO, USA) for 10 min. The results of 
immunohistochemistry were examined under a light 
microscope.

Statistical Analysis
The results were expressed as means±SD. Statistical 

analyses were performed using PASW 18.0 (SPSS 
Inc., Chicago, IL, USA). Model assumptions were 
evaluated by examining the residual plot. Results 
were analyzed using a factorial ANOVA with 
two between-subjects factors. Bonferroni test for 
pairwise comparisons was used to examine the effect 
of time and treatments. The differences were set at 
p<0.05.

Results

Behavioral Testing
BBB Recovery

In order to assess hind limb recovery the open field 
locomotor was used. Figure 1 shows BBB scores 
compared to the baseline. All experimental groups, 
except for SHAM, showed the greatest degree of 
functional deficit one week after surgery. The 17- 
beta- estradiol treated group showed significant 
improvement in locomotion of the operated limb 
compared to the silicon group during the study 
period (p=0.001). 

Fig. 1. Box-and-whisker plots of sciatic nerve BBB scores 
in each experimental group during the study period. Local 
administration of 17- beta- estradiol with silicon conduit gave 
better scores than in silicon group. Standard error at each data 
point is shown with bars.

Recovery of Sciatic Nerve Function
SFI Outcome

Figure 2 shows sciatic function index (SFI) values 
in all four experimental groups. Prior to surgery, 
SFI values in all groups were near zero. After the 
nerve transection, the mean SFI decreased to -100 
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due to the complete loss of sciatic nerve function in 
all animals. At the end of the study period, animals 
of Con. Estradiol group achieved a mean value 
for SFI of -33.5±-3.14 whereas in group silicon a 
mean value of -51.5±-4.18 was found. The statistical 
analyses revealed that the recovery of nerve function 
was significantly (p=0.001) different between Con./
Estradiol and silicon groups and application of the 
17- beta- estradiol in silicon conduit significantly 
accelerated functional recovery in the course of time.

SSI Outcome
Changes in SSI were similar to those observed in SFI, 

indicating significant deficit following the sciatic nerve 
transection (Figure 3). Changes in SSI were significant 
at weeks 4, 8 and 12 of recovery (p=0.001). The 
contrasts indicate SSI values in group Con./Estradiol 

at week 12 to differ significantly from those obtained 
from silicon, a trend also noticed for SFI (p=0.001).

Electrophysiological Measurement
Figures 4 and 5 show nerve conduction velocity 

(NCV) along regenerated sciatic nerves in 
experimental groups. NCV in 17- beta- estradiol 
treated animals was significantly higher than that 
in silicon group (p=0.001).

Fig. 4. Percentage recovery of conduction velocity in 
experimental groups. Data are presented as mean±SE. *p<0.05 
vs silicon group.

Fig. 5. Recovery index in experimental groups. Data are 
presented as mean±SE. *p<0.05 vs silicon group

Biomechanical Measurements
Maximum pull force (Fmax) of normal sciatic nerve 

was found to be 5.42±0.37. Fmax of nerve samples in 
experimental groups are shown in Figure 6. Fmax in 
Con./Estradiol group was significantly higher than 
that in silicon group (p=0.001). Tensile strength, the 
amount of force per unit of initial cross-sectional area 
at tensile failure, was measured based on Fmax and 
nerve cross sectional area. Assessment on week 12 
revealed that tensile strength of regenerated nerves 
in Con./Estradiol group was higher than those in 
silicon group (p=0.001). Ultimate strain, the amount 
of elongation divided by the initial specimen length 
achieved at the point of tensile failure, in Con./
Estradiol group was significantly higher than that 
in silicon group (p=0.001). Toughness, reflecting 
the properties of anti-deformation and anti-fracture 
of nerve, was determined by the nerve itself and 

Fig. 2. Bar graph indicating sciatic nerve function index values 
in each experimental group during the study period. Local 
administration of 17- beta- estradiol with silicon conduit gave 
better results in functional recovery of the sciatic nerve than 
in silicon group. Data are presented as mean±SE. *p<0.05 vs 
silicon group

Fig. 3. Bar graph indicating static sciatic index (SSI) values 
in each experimental group during the study period. Topical 
administration of 17- beta- estradiol with silicon conduit gave 
better results in functional recovery of the sciatic nerve than 
in Silicon group. Data are presented as mean±SE. *p<0.05 vs 
silicon group
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could reflect “looseness” or “toughness” of nerve. 
Toughness in Con./Estradiol group was significantly 
higher than that in silicon group (p=0.001).

Muscle Mass Measurement
The mean ratios of gastrocnemius muscle weight 

were measured at the end of the study period. There 
was a statistically significant difference between 
the muscle weight ratios of the Con./Estradiol and 
silicon groups (p=0.001). The results showed that 
in Con./Estradiol the group, the muscle weight ratio 
was larger than in the silicon group, and weight loss 
in the gastrocnemius muscle was ameliorated by 
local administration of 17- beta- estradiol (Figure 7).

Histological and Morphometric Findings
The animals of Con./Estradiol group presented 

significantly greater nerve fiber, axon diameter, 
and myelin sheath thickness during study period, 
compared to silicon animals (p=0.001). Normal 
control group presented significantly greater nerve 
fiber and axon diameter, and myelin sheath thickness 
compared to Con./Estradiol and silicon groups 
animals (Table 1). In case of myelin thickness there 
was no significant difference between Con./Estradiol 
and silicon groups, morphometrically (p=0.0625).

Immunohistochemistry
Immunoreactivity to S-100 protein was extensively 

observed in the cross sections of regenerated nerve 
segments. The expression of S-100 protein signal was 
located mainly in the myelin sheath. The axon also 
showed a weak expression indicating that Schwann 
cell-like phenotype existed around the myelinated 

axons (Figure 8). In both Con./Estradiol and silicon 
groups, the expression of S-100 and the findings 
resembled those of the histological evaluations. 

Discussion

Estrogen receptors are found in a wide range of cell 
types in the body, explaining the pleiotropic effects 
of this hormone [25]. 17- beta- estradiol has been has 
been demonstrated to plays a role in neuroprotection 
[26]. 17- beta- estradiol protects cultured primary 
neurons against the neurotoxic effects of glutamate 
and oxidative stress and it’s neuroprotective 
effects are also observed in vivo. Animal studies 
have revealed that in the event of high 17- beta- 
estradiol levels during the premenopausal period, 
female rodents are reportedly less vulnerable to 
neurotrauma [27]. Neurospheres are free-floating 
heterogeneous aggregates that contain a minority of 
neural stem cells together with various progenitors 
and more differentiated cells. These cells, under 
appropriate culture conditions, can produce 
neurons, astrocytes, and oligodendrocytes [28,29]. 
Neurosphere-derived cells have been successfully 
used in models of brain injury, such as experimental 
autoimmune encephalomyelitis or spinal cord injury 
[29]. It has been indicated that neural stem cells can 
differentiate into both neurons and endothelial cells, 
and the ability of neural stem cells to differentiate 
into endothelial cells has been demonstrated in vitro 
and in vivo [30,31]. In cases of peripheral nerve 
injury, 17- beta- estradiol stimulate angiogenesis 
and neurogenesis during the process of recovery 
from nerve damage [16].

Table 1. Morphometric analyses of sciatic nerve in each of the experimental groups: Values are given as mean±SE
Groups Axon counts fb/mm2 Axon diameter (µm) Myelin sheath thickness(µm)
SHAM 29478±2312 11.36±0.18 2.63±0.02
TC 4096±2005 3.30±0.15 1.00±0.02
Silicon 20171±2100 6.14±0.10 1.19±0.02
Con./Estradiol 25104±2204a 7.71±0.11a 1.42±0.03
aThe mean difference is significant at the 0.05 level vs. Silicon group

Fig. 6. Bar graph indicating biomechanical analyses of 
regenerated nerves for each of the experimental groups: Data 
are presented as mean±SE. *p<0.05 vs silicon group; MPF: 
Maximum Pull Force; TS: Tensile Strength; US: Ultimate Strain

Fig. 7. Bar graph indicating percentage of gastrocnemius 
muscle weight ratio. The gastrocnemius muscles of both sides 
were excised and weighed in the experimental groups at 12 
weeks after surgery. Data are presented as mean±SE. *p<0.05 
vs. silicon group
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It is known from previous studies that regeneration 
process in rats would not have been completed by 12 
weeks, a phenomenon which has been reported in a 
variety of experimental models [32]. Quantitatively, 
our results are consistent with these findings. 
However, a 12-week experimental period is sufficient 
for evaluation of regeneration process because in 
rats functional recovery after repair of a transected 
peripheral nerve occurs during this timeline [33].

The results of the present study showed that 
application of 17- beta- estradiol in a silicon conduit 
resulted in faster functional recovery of the sciatic 
nerve during the study period. Left gastrocnemius 
muscle weight was significantly greater in the Con./
Estradiol group than in the silicon group, indicating 
indirect evidence of successful end organ reinnervation 
in the 17- beta- estradiol treated animals. 

The conduction velocity depends on the diameter 
of axons and the thickness of myelin sheath [34]. 

The results of the present study showed significantly 
different conduction velocity between the 17- 
beta- estradiol treated animals and silicon bridged 
regenerated sciatic nerves, therefore, the silicon 
conduit in combination with 17- beta- estradiol could 
be assumed as a safe nerve guide with no nerve 
conduction interference. The strongest connective 
tissue layers in peripheral nerves are the perineurium 
and, to a lesser extent, the epineurium. Changes in 
the epineurium and perineurium extracellular matrix 
composition are likely to have significant effects on 
the biomechanical properties of acellular nerve [35]. 

The connective tissue from the epineurium forms a 
layer of fiber membrane at the 3rd day postoperatively 
and then forms collagen at the 8th day. The key point 
influencing functional recovery is the number of 
axons throughout the suture that enhances the anti-
tension capacity of the nerve [36]. 17- beta- estradiol 
local administration in the present study resulted in 
the enhanced biomechanical indices that were in 
agreement with morphometric findings. 

In immunohistochemistry the expression of myelin 
sheath special proteins was evident in both groups 
which indicate the normal histological structure. 
The location of reactions to S-100 in the 17- beta- 
estradiol treated group was clearly more marked than 

in the silicon group implying that both regenerated 
axon and Schwann cell-like cells existed and were 
accompanied by the process of remyelination and 
the structural recovery of regenerated nerve fibers.

It has been demonstrated that morphometric indices 
are measures of regenerated nerve maturity and 
quality of regeneration [37]. Larger diameters of 
axons and thicker myelination give rise to improved 
nerve function compared to smaller and thinner 
myelinated fibers [38]. Loading of 17- beta- estradiol 
into silicon conduit at the nerve repair site increased 
fiber maturity.

At week 12 quantitative morphometrical indices 
of regenerated nerve fibers showed significant 
differences between the silicon and Con./Estradiol 
groups, indicating a beneficial effect of local 
application of 17- beta- estradiol on the nerve 
regeneration.

Although both morphological and functional data 
have been used to assess neural regeneration after 
induced crush injuries, the correlation between these 
two types of assessment is usually poor [39].

Classical and newly developed methods of assessing 
nerve recovery, including histomorphometry, 
retrograde transport of horseradish peroxidase and 
retrograde fluorescent labeling do not necessarily 
predict the reestablishment of motor and sensory 
functions [39]. Although such techniques are 
useful in studying the nerve regeneration process, 
they generally fail in assessing functional recovery 
[39]. Therefore, research on peripheral nerve injury 
needs to combine both functional and morphological 
assessment. It has been suggested that arrival of 
sprouts from the proximal stump at the distal nerve 
stump does not necessarily imply recovery of nerve 
function [33]. Information taken from BBB scale 
may be invaluable in evaluation of peripheral nerve 
process. Correlation between BBB and SFI index has 
already been documented in other studies, therefore, 
BBB could also be a reliable method for assessment 
of peripheral nerve regeneration [40,41].

Results of the present study showed that the 17- 
beta- estradiol treated animals had been improved 
in locomotion of the operated limb compared to the 
silicon group during the study period. In the present 

Fig. 8. Immunohistochemical analysis of the regenerated nerves 12 weeks after surgery from middle cable (A) SHAM, (B) TC, (C) 
Silicon and (D) Con./Estradiol. There is clearly more positive staining of the myelin sheath-associated protein S- 100 (arrowheads) 
within the periphery of nerve, indicating well organized structural nerve reconstruction in 17- beta- estradiol treated nerve compared 
to that of the silicon group. Scale bar:10 μm
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study, first of all it was important to know whether 
local exogenous administration of 17- beta- estradiol 
in silicon tubes was able to stimulate the regeneration 
of the transected rat sciatic nerve. With this aim, 
we compared the regeneration of the transected 
sciatic nerve within silicon nerve guides. Our 
functional results revealed that the silicon guides 
allow 17- beta- estradiol to exert the stimulation 
of nerve regeneration. In addition, gasterocnemius 
muscle mass, obtained from muscles of operated and 
unoperated limbs indicated that motor functional 
recovery in transected sciatic nerve bridged by 
silicon conduits achieved a faster rate. The functional, 
morphometric and immunohistochemical results 
indicated that silicon nerve guide did not prevent the 
stimulating action of 17- beta- estradiol. Even though 
our study shows the regenerative action of local 17- 
beta- estradiol in peripheral nerve injuries, data 
regarding the molecular mechanisms leading to the 
action remain to be investigated in depth. We have 
not given the histological and molecular evidence 
for regenerative action of 17- beta- estradiol. This 
may be considered as a limitation to our study. 
Therefore, the authors stress that the aim of the 

current investigation was to evaluate a single local 
dose and clinical treatment potential of 17- beta- 
estradiol on nerve regeneration. 

The results of the present study indicated that a 
single local administration of 17- beta- estradiol 
at the site of transected nerve could be of benefit 
after silicon tubulization. Detailed mechanism of 
regenerative action remains to be investigated. In 
Conclusion results of the present study demonstrated 
that a single local application of 17- beta- estradiol 
could accelerate functional recovery after transection 
of sciatic nerve and could have clinical implications 
for the surgical management of patients after facial 
nerve transection.
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