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Abstract Low Intensity Electrical Stimulation (LIES)

has been used for bone repair, but little is known about its

effects on bone after menopause. Osteocytes probably play

a role in mediating this physical stimulus and they could

act as transducers through the release of biochemical sig-

nals, such as nitric oxide (NO). The aim of the present

study was to investigate the effects of LIES on bone

structure and remodeling, NOS expression and osteocyte

viability in ovariectomized (OVX) rats. Thirty rats (200–

220 g) were divided into 3 groups: SHAM, OVX, and

OVX subjected to LIES (OVX ? LIES) for 12 weeks.

Following the protocol, rats were sacrificed and tibias were

collected for histomorphometric analysis and immunohis-

tochemical detection of endothelial NO synthase (eNOS),

inducible NOS (iNOS), and osteocyte apoptosis (caspase-3

and TUNEL). OVX rats showed significant (p \ 0.05 vs.

SHAM) decreased bone volume (10% vs. 25%) and tra-

becular number (1.7 vs. 3.9), and increased eroded surfaces

(4.7% vs. 3.2%) and mineralization surfaces (15.9% vs.

7.7%). In contrast, after LIES, all these parameters were

significantly different from OVX but not different from

SHAM. eNOS and iNOS were similarly expressed in

subperiosteal regions of tibiae cortices of SHAM, not

expressed in OVX, and similarly expressed in OVX ? -

LIES when compared to SHAM. In OVX, the percentage

of apoptotic osteocytes (24%) was significantly increased

when compared to SHAM (11%) and OVX ? LIES (8%).

Our results suggest that LIES counteracts some effects of

OVX on bone tissue preserving bone structure and mic-

roarchitecture, iNOS and eNOS expression, and osteocyte

viability.
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Bone formation markers are augmented in postmenopausal

osteoporotic women submitted to pulsed electrical mag-

netic fields, as shown by the increase in osteocalcin and

pro-collagen type I C-terminal peptide levels [1]. Low-

intensity electrical stimulation (LIES) has been used for

bone repair for three decades, especially in pseudarthrosis

and bone nonunion [2], but little is known about its effects

on bone metabolism after menopause. We have previously

shown that LIES was able to prevent the effects of ovari-

ectomy (OVX) on bone mineral density (BMD) in rats [3].

Osteocytes are the cells that probably mediate this physical

stimulus and control bone turnover. Osteocytes are

embedded in bone matrix and are connected to each other,

to other bone cells, and to bone surfaces through a network

created by their cytoplasmatic processes. They have been

suggested to act as mechanosensors and transducers [4]

A. P. R. Lirani-Galvão � P. Chavassieux � N. Portero-Muzy �
P. D. Delmas
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through the release of biochemical signals, which may

modulate bone remodeling. These factors remain unknown

but nitric oxide (NO) has been hypothesized to play a role

in the modification of bone turnover in response to

mechanical loading. NO is produced by three distinct iso-

forms of NO synthase (NOS). Endothelial NOS (eNOS) is

the predominant isoform in bone and is strongly expressed

in osteocytes and chondrocytes [5–7]. Neuronal NOS

(nNOS) is also expressed in osteocytes [5] and inducible

NOS (iNOS) has been observed in osteoclasts, osteocytes,

and chondrocytes [6, 8] in response to mechanical strain.

In vitro studies have shown that a physical stimulus such

as mechanical strain, pulsating fluid flow, or LIES induces

the release of NO by osteocytes [7, 9], MC3T3-E1 cells

[10], and human osteoblasts [11, 12]. It has also been

shown that unloading induces bone loss in iNOS knockout

and wild-type animals, but recovery after reloading was

only observed in wild-type animals [8].

In addition, NO has been suggested to mediate the

effects of estrogen on bone. Estrogen stimulates eNOS

activity in osteoblastic cells [13] and the effects of estrogen

on bone formation are blunted in eNOS knockout mice

[14]. Another study has shown that eNOS may limit

ovariectomy-induced increased bone remodeling [15].

Several studies have shown that NO may counteract the

effects of OVX [16, 17]. Thus, NO has been suggested to

be a regulator of bone metabolism by mediating the effects

of estrogen [7, 16, 18], mechanical stimulation [7, 8],

pulsating fluid flow [9, 10], and shear stress [11].

Most previous studies have analyzed the effects of

mechanical stimulation on either bone structure, NO syn-

thesis, or osteocyte apoptosis. The purpose of the present

study was to investigate the effects of LIES on bone

structure and remodeling, NOS expression, and osteocyte

viability in OVX rats. For that purpose we analyzed the

effects of LIES on bone tissue of OVX rats by histomor-

phometry and on expression of iNOS and eNOS and on

osteocyte apoptosis by immunostaining.

Materials and Methods

Animals and Treatments

Thirty 12-week-old Wistar female rats (200–220 g) were

subjected to anesthesia (xilazin [Syntec], 20 mg/kg, and

ketamine [Agener], 40 mg/kg, IP) for bilateral ovariectomy

(n = 20; OVX) or sham operation (n = 10; SHAM)

according to the method described by Giardino and col-

leagues [19]. Ten OVX rats (OVX ? LIES) received a low-

intensity pulsed electrical field treatment (output power, 30

mW; tension, 40 V peak to peak; frequency, 1.5 MHz; duty

cycle, 1:4), 20 min per day, five times a week, starting on the

seventh day after surgery, for a total of 12 weeks. Electrical

field stimulation equipment was set up in the electronics

laboratory of the Bioengineering Department (University of

Sao Paulo, Sao Carlos). Metallic electrodes (30 9 21 cm)

were positioned on the superior and inferior parts of the cage

(16 cm apart from each other) in order to submit the whole

body of the rats to this low-intensity electrical field through

capacitive coupling, and not cause any discomfort to the

animals. The electronic unit and dosage parameters were

similar to low-intensity pulsed ultrasound, which is approved

by American Food and Drug Administration to accelerate

bone healing [2]. Animals were kept in cages under appro-

priate conditions of light and temperature (alternated cycles

of 12 h and temperature around 25�C) and had water and

food ad libitum. After 12 weeks of experiments, all animals

received 20 mg/kg tetracycline intraperitoneally (Terrami-

cina; Pfizer, Sao Paulo, Brazil), on the 11th and 10th days

(first labeling) and 5th and 4th days (second labeling) before

sacrifice. Double tetracycline labeling was used for analysis

of the dynamic parameters of bone formation. This study was

approved by the Committee of Ethics in Animal Research at

the School of Medicine of the Federal University of São

Paulo, under protocol number 0530/06.

Sample Preparation

On the day of sacrifice, right tibiae were collected for bone

histomorphometry. They were dissected and the proximal

segment was fixed in 70% ethanol, dehydrated, embedded

in methylmetacrylate, and sectioned longitudinally using a

Polychrome S microtome (Reichert-Young, Heidelberg,

Germany). Five-micrometer-thick sections of the speci-

mens were stained with 0.1% toluidine blue at pH 6.4 and

unstained sections were prepared for observation under

ultraviolet light. At least two nonconsecutive stained and

unstained sections were examined for each sample. The left

tibiae were fixed in 4% paraformaldehyde (pH 7.4) for 3 to

4 days before decalcification in 16% EDTA (pH 7.4) for

22 days. Following decalcification, the proximal half of the

tibia was embedded in paraffin. Seven-micron-thick sec-

tions of the proximal tibiae were cut longitudinally and

used for the detection of NOS and apoptosis by

immunohistochemistry.

Histomorphometry [20]

Abbreviations of histomorphometric parameters used were

derived from the standard nomenclature of the ASBMR

Committee [21]. Parameters of bone structure, microar-

chitecture, and connectivity were measured using an

automatic image analyzer (Bone, Explora Nova, La

Rochelle, France) equipped with an Optronics Microfre

digital camera and were obtained with Bone and
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MorphoExpert software (Explora Nova) specific for bone

histomorphometry: bone volume, which expresses the

percentage of cancellous area occupied by bone tissue (BV/

TV; %), trabecular thickness (Tb.Th; lm), trabecular sep-

aration (Tb.Sp; lm), trabecular number (Tb.N; per mm)

derived from area and perimeter measurement according to

Parfitt’s formulae [22], and number of nodes (N.Nd/TV).

The parameters reflecting bone remodeling were measured

using a semiautomatic method (Osteometrics Inc., Atlanta,

GA) and include the osteoid volume as a percentage of the

bone volume (OV/BV; %), the osteoid surface as a per-

centage of the bone surface (OS/BS; %), the osteoblast

surface as a percentage of the bone surface (Ob.S/BS; %),

and the eroded surface as a percentage of the bone surface

(ES/BS; %). The dynamic parameters were mineral appo-

sition rate (MAR) and mineralizing surface/bone surface

(MS/BS) calculated as double ? one-half single labeled

surfaces. Bone formation rate/bone surface (BFR/BS) was

calculated as (MS/BS) 9 (MAR).

NOS Immmunostaining

Immunohistochemistry was performed on one paraffin-

embedded section using a rabbit polyclonal antibody to

eNOS and on another section using rabbit polyclonal anti-

body to iNOS (Abcam, Cambridge, MA, USA) for each

animal. Immunostaining was performed according to the

method previously described by Basso and Heersche [23].

Briefly, deparaffinized sections were incubated in glycine for

20 min and in 0.2 g of Trypsin 250, 0.2 g of calcium chlo-

ride, and 1 M sodium hydroxide in TBS for 30 min. After

that, sections were incubated in peroxidase blocking (Dak-

ocytomation Envision ? system HRP, for use with rabbit

primary antibody; code K4010; Carpinteria, CA, USA) for

15 min and blocking solution for 20 min. Sections were then

incubated in the primary antibody (1:100) in a humidity

chamber overnight at ?4�C. The next day, sections were

washed with TBS containing 0.1% Tween-20 (TBS-Tw) and

incubated with a goat anti-rabbit serum at room temperature

for 25 min. Negative controls were incubated in buffer

without secondary antibody. Sections were washed again

with TBS-Tw and peroxidase activity was detected using

DAB. Sections were counterstained with Mayer’s hema-

toxylin, dehydrated, cleared, and mounted with Eukitt. NOS-

positive cell regions were evaluated on cortical and trabec-

ular bone of metaphysis and diaphysis using a semiquanti-

tative method with a 3-point scale (absent, ?, or ??).

Apoptosis Assays

Both caspase-3 and TUNEL techniques were performed in

this study in order to confirm the localization of apoptotic

cells. Briefly, caspase technique detects total caspase-3

activity, which is part of a family of molecules that are,

among other functions, mediators of apoptosis, and cas-

pase-3 has been shown to be one of the major activated

caspases present in apoptotic cells, suggesting that it plays

a prominent role in the cell death process [24]. TUNEL, the

method of TdT-mediated dUTP-biotin nick end-labeling,

detects DNA breaks for in situ identification of pro-

grammed cell death [25].

Caspase

The protocol was adapted from Follet et al. [26]. Sections

were washed in 100% methanol, 70% methanol, PBS, and

PBS ? 0.3% Triton X-100. Endogenous peroxidase was

inactivated by incubating sections in 3% H2O2 in methanol

for 5 min for total caspase-3. After that, incubation in 1.5%

goat serum blocking solution (VectaStain ABC Kit) in PBS

was performed for 30 min. Primary antibody (caspase-3

[H-277]; sc-7148; Santa Cruz Biotechnology, USA) was

diluted in PBS ? 0.3% Triton X-100 ? 0.1% bovine

serum albumin (BSA). Caspase was used at a 1:25 dilution.

Sections were incubated overnight at ?4�C and washed

four or five times in PBS containing 0.1% Tween-20 (PBS-

Tw). Sections were then incubated in goat anti-rabbit

secondary antibody for 45 min and washed several times in

PBS-Tw. Detection of peroxidase activity was performed

with DAB. Sections were then counterstained with methyl

green, dehydrated, cleared, and mounted with Eukitt.

TUNEL

The Klenow FragEL DNA Fragmentation Detection Kit

(Calbiochem, Germany) was used. Sections were incubated

in 2 mg/ml proteinase K, 1:100, in 10 mM Tris, pH 8, for

20 min and washed in TBS. Positive control was incubated

with 1 lg/ml Dnase I in 1 9 TBS/1 mM MgSO4 for 20 min

and rinsed with TBS. For inactivation of endogenous per-

oxidases, specimens were kept in 30% H2O2, 1:10, in

methanol for 5 min. Sections were then incubated in Klenow

equilibration buffer (1:10 with dH2O) for 20 min, followed

by Klenow labeling reaction mixture at 37�C for 1.5 h, Stop

Buffer for 5 min, and Blocking Buffer for 10 min, both at

room temperature. Detection of peroxidase activity was

performed with DAB, for 10 to 15 min. Sections were then

washed with dH2O, counterstained with methyl green,

dehydrated, cleared, and mounted with Eukitt.

Count of Apoptotic Cells

Two sections per animal (one TUNEL and one caspase)

were examined by light microscopy at 400 9 magnifica-

tion. Measurements were performed on three distinct areas:

on each cortex in the proximal part of the metaphysis and
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on the diaphysis cortex in the central area of the tibia

(Fig. 1). Each tissue area analyzed was 62.5 mm2. For

apoptotic cells, positively stained (apoptotic) osteocytes,

negatively stained (alive) osteocytes, empty lacunae, and

the total number of lacunae were counted in each field

using the Exploranova Morphoexpert (Explora Nova), and

their densities are expressed as a percentage of the total

number of lacunae. All immunostaining analyses (eNOS,

iNOS, TUNEL, and Caspase) were performed by the same

investigator, who was blinded to the treatment of all

samples.

Statistics

Results are expressed as mean ± SD. Nonparametric tests

were performed. Comparisons among the three groups

were performed by a Kruskall-Wallis test. If the difference

was significant, the comparison between two groups was

made by Mann-Whitney U test. Significance was accepted

at p \ 0.05.

Results

Bone Histomorphometry

Twelve weeks of ovariectomy in rats induced a significant

bone loss with a deterioration of trabecular architecture as

shown by the decreased BV/TV, NdN/TV, and TbN and

increased TbSp (Table 1) compared to SHAM. These

alterations resulted from an augmentation of bone resorp-

tion and bone turnover as reflected by the increased ES/BS,

MS/BS, and BFR/BS (Table 2). In contrast, after LIES, all

these parameters (except for NdN/TV) were not signifi-

cantly different from SHAM, suggesting that LIES was

able to prevent most of the effects of OVX.

NOS Expression

Both eNOS and iNOS were similarly expressed in subpe-

riosteal regions of the cortices of metaphysis and diaphysis

of tibiae of the SHAM group. eNOS and iNOS expressions

were found in cortical bone, around osteocytes (Fig. 2, I).

However, after 12 weeks of ovariectomy, no expression of

any of these two NOS isoforms was detected (Table 3 and

Fig. 2, I).

In the group OVX ? LIES, similar expressions of eNOS

and iNOS were detected in the cortical bone of tibiae

diaphysis, but there were slightly fewer stained regions

(with positive cells) compared to SHAM. With this

method, we were not able to visualize eNOS or iNOS

expression on osteoblasts, osteoclasts, trabecular bone, or

medullae in any of the groups.

Fig. 1 Measurement areas for apoptotic cell count in sections of

female rat tibiae. Size of each analyzed tissue area: 62.5 mm2

Table 1 Bone histomorphometry of female rat tibiae: parameters of

structure, microarchitecture, and connectivity

Sham OVX OVX ? LIES

BV/TV (%) 24.8 ± 8.2 10.2 ± 2.5ab 22 ± 11

TbTh (lm) 61.7 ± 8.1 58.7 ± 7.6 60 ± 6.5

TbN 3.93 ± 0.9 1.72 ± 0.3ab 3.69 ± 1.8

TbSp (lm) 212 ± 95.3 536.6 ± 98ab 298.5 ± 201.4

Nd.N/TV (/mm2) 9.59 ± 4.7 3.65 ± 1.2a 4.27 ± 2.3a

Note: OVX ovariectomy, LIES low-intensity electrical stimulation.
a p \ 0.05 vs. sham. b p \ 0.05 vs. OVX ? LIES

Table 2 Bone histomorphometry of female rat tibiae: parameters of

remodeling

Sham OVX OVX ? LIES

OV/BV (%) 0.86 ± 1 0.43 ± 0.7 0.66 ± 0.5

OS/BS (%) 6.96 ± 3.5 5.15 ± 6.7 7.2 ± 3.9

Ob.S/BS (%) 1.32 ± 1.7 0.6 ± 0.6 0.86 ± 0.7

ES/BS (%) 3.25 ± 1.7 4.7 ± 1.7ab 3.33 ± 2.3

MAR (lm/day) 1.88 ± 0.5 2.5 ± 1.4 1.31 ± 0.7

MS/BS (%) 7.70 ± 2.9 15.92 ± 7.9ab 7.69 ± 6.6

BFR/BS 0.15 ± 0.1 0.47 ± 0.4b 0.12 ± 0.1

Note: OVX ovariectomy, LIES low-intensity electrical stimulation.
a p \ 0.05 vs. sham. b p \ 0.05 vs. OVX ? LIES
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Apoptosis

After immunostaining for cleaved caspase-3 and labeling

of DNA fragmentation by TUNEL staining, strongly

positive chondrocytes and osteocytes were present in cor-

tical bone. In OVX rats, the percentage of apoptotic

osteocytes was increased, and this difference was signifi-

cant compared to the OVX ? LIES group with caspase

technique and compared to SHAM with the TUNEL

technique (Table 4). The percentage of viable cells in the

OVX group was significantly decreased but the percentage

of empty lacunae was significantly increased compared to

both the SHAM and the OVX ? LIES groups (Table 4 and

Fig. 2, II–III). LIES was able to significantly prevent the

increase in both apoptotic osteocytes and empty lacunae,

which are probably the final result of apoptotic osteocytes

that were in them.

Discussion

Osteocytes probably orchestrate skeletal adaptation to

mechanical stimuli and NO has been hypothesized to

mediate effects of both mechanical loading and estrogens

Fig. 2 Expression of eNOS (I) and detection of osteocyte apoptosis

in the tibia of female rats by caspase-3 immunostaining (II) and

TUNEL (III). Arrowhead: regions with eNOS positive cells. Similar

observations were made with iNOS immunostaining. Detail: sham (I)

region with eNOS-positive cells. Bar = 100 lm (I) and 20 lm (II and

III)

Table 3 Semiquantitative analysis of the expression of endothelial NOS (eNOS) and inducible NOS (iNOS) on female rat tibiae

eNOS iNOS

Sham ?? ??

(Cortical subperiosteal region

metaphysis/diaphysis)

(Cortical subperiosteal region

metaphysis/diaphysis)

OVX - -

OVX ? LIES ? ?

(Distal cortical diaphysis) (Distal cortical diaphysis)

Note: OVX ovariectomy, LIES low-intensity electrical stimulation
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on bone. Osteocytes produce NO in response to shear stress

[9] and osteocyte apoptosis can be prevented by NO [27].

In addition, it has been shown that, in the presence of L-

NAME - a NOS inhibitor, estrogen is totally ineffective in

reversing bone loss in OVX rats, suggesting that the pro-

tective effect of estrogens against bone loss may be med-

iated through NO [16]. So in this study we investigated the

influence of LIES on bone structure and remodeling, eNOS

and iNOS expression, and osteocyte survival in OVX rats.

Our findings confirm that OVX induced bone loss and

microarchitecture deterioration in consequence to an

increase in resorption and bone turnover as shown by ES/

BS, MS/BS, and BFR/BS. Moreover, OVX rats showed an

increased percentage of apoptotic osteocytes (109%) and

empty lacunae (506%) compared to SHAM. Others [28]

have cited that 3 weeks of ovariectomy may cause a 400%

increase in osteocyte apoptosis in tibiae of rats, but no data

were found in the literature on the effects of 12 weeks of

OVX on osteocyte survival. Aguirre et al. [29] showed that

unloading also augments osteocyte apoptosis in mice, and

that this change was followed by increased osteoclast

number and cortical porosity, reduced trabecular and cor-

tical width, and decreased spinal BMD and vertebral

strength. Those authors suggested that dying osteocytes are

the signals for osteoclast recruitment in the surrounding

area and the resulting increase in bone resorption and bone

loss. Besides, it is known that the augmented bone fragility

which results from glucocorticoid use [30, 31] and both

estrogen [32] and androgen deficiencies [33] is also asso-

ciated with a higher prevalence of osteocyte apoptosis.

Our study also demonstrates that OVX rats expressed

neither eNOS nor iNOS 12 weeks after surgery, while

SHAM rats expressed eNOS and iNOS, mainly in the

subperiosteal regions of the cortices of tibial metaphysis

and diaphysis. These findings suggest that eNOS and iNOS

expressions are modulated by estrogen, and are in agree-

ment with previous studies which showed that the effects

of OVX depend on NOS expression [15, 16, 34]. In con-

trast, Cuzzocrea et al. [18] concluded that iNOS could

mediate the bone loss induced by OVX in mice. However,

in vitro studies corroborated the positive effect of estrogen

on eNOS activity [13].

Exposure to LIES prevented most of the effects of OVX

on bone. Bone turnover and resorption parameters were

similar to those in SHAM animals, and LIES was able to

preserve bone structure and microarchitecture, but not bone

connectivity (Nd.N/TV),in this bone loss model. This was

in agreement with previous results showing that BMD was

maintained in OVX rats [3] or increased after fracture in

rabbits [35] submitted to LIES or to pulsed electromagnetic

fields [36]. These effects of LIES on bone structure and

microarchitecture were associated with the maintenance of

osteocyte viability and NOS expression.

In the present study, LIES prevented the augmentation

of osteocyte apoptosis caused by OVX, keeping the

OVX ? LIES group with similar levels of osteocyte sur-

vival as in the SHAM group. As far as we know, there are

no other studies on the effects of LIES on osteocyte sur-

vival, but our results are in agreement with the positive

effects of mechanical stimulation on osteocyte viability

which have already been shown in animals [37] as well as

in humans [38]. Mechanical stimulus may augment the

expression of Bcl-2 [39], an antiapoptotic gene product, as

well as inhibiting osteoclast formation and bone resorption

in chicken calvaria cells in vitro [27]. Besides, Mann et al.

[38] showed that a mechanical stimulus prevents osteocyte

apoptosis and increases the bone formation rate (BFR/BS)

and alkaline phosphatase concentration on the surface of

human trabecular bone, demonstrating the possible link

between the prevention of osteocyte apoptosis and bone

formation, which was also observed in our study. The

signal transduction pathway between mechanical stimula-

tion and the inhibition of osteocyte apoptosis remains

poorly understood but it is likely that the Wnt/b-catenin

pathway [40, 41] and NO [27] are involved.

We also showed that LIES can preserve eNOS and

iNOS expression on bone of the ovariectomized rats, which

is in agreement with in vitro studies demonstrating that

electrical stimulation may increase NO synthesis on bone.

In vitro studies have shown that NO released under pulsed

electromagnetic fields [42] and pulsating fluid flow [43]

stimulates osteoblastic differentiation and proliferation.

Interestingly, NO was found to increase osteoprotegerin

and decrease osteoclastogenesis in bone marrow stromal

cells from OVX rats [44, 45]. Hamed et al. [12] have

Table 4 Effects of ovariectomy (OVX) and low-intensity electrical

stimulation (LIES) on osteocyte viability

Sham OVX OVX ?

LIES

Caspase-3 technique

Viable osteocytes (%) 82.4 ± 9.4 13.3 ± 9.5ab 83.8 ± 9

Apoptotic osteocytes

(%)

11.4 ± 8.2 24.2 ± 15.5b 8.2 ± 7.6

Empty lacunea (%) 6.2 ± 3.5 62.5 ± 15.9ab 8.0 ± 5.6

Total no. lacunea

(per mm2)

556.4 ± 102 306.4 ± 129ab 493.5 ± 123

TUNEL technique

Viable osteocytes (%) 84.7 ± 11.5 46.3 ± 14.7ab 79.5 ± 12.1

Apoptotic osteocytes

(%)

8.1 ± 8.6 17.9 ± 3.4a 10.8 ± 9.1

Empty lacunea (%) 7.2 ± 5.3 35.8 ± 17.4ab 9.7 ± 7.2

Total no. lacunea

(per mm2)

591.4 ± 123 384.4 ± 77a 514.5 ± 100

Note: (%) Percentage of the total number of lacunea. a p\0.05 vs.

sham. b p\0.05 vs. OVX ? LIES
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suggested that in human osteoblasts, LIES activated pref-

erentially iNOS and that eNOS was activated by estrogen.

However, in our experiments, similar expressions of iNOS

and eNOS were observed in cortical bone of OVX rats after

12 weeks of LIES treatment. NO produced by iNOS has

also been reported to play a major role in bone formation in

response to reloading after tail suspension [8]. In a model

of unloading in rats, Basso and Heersche [23] observed an

augmentation of osteocyte apoptosis and osteoclast number

and a decreased bone mass, which returned to baseline

values after reloading, simultaneously with marked aug-

mentations of iNOS and eNOS. Thus we have shown that

the bone changes induced by estrogen deficiency and LIES

were associated with modifications of NOS expression but

we cannot exclude that other factors and pathways may be

involved.

Huang et al. [46] recently suggested that osteocytes are

the sensory cells that capture electrical stimulation signals

and translate them into biochemical signals; these signals

would then be transferred through the dendritic processes

of osteocytes to the effector cells, such as osteoblasts and

osteoclasts, to initiate bone formation. In agreement with

this, we hypothesize that LIES preserved osteocyte via-

bility and NOS expression, which could secondarily act on

bone remodeling.

In conclusion, our results suggest that LIES may coun-

teract some effects of OVX on bone tissue. It was shown

for the first time that LIES is able to preserve bone struc-

ture and microarchitecture, iNOS and eNOS expression,

and osteocyte viability in bone of OVX rats. Further

investigations are now needed to determine whether these

factors are all connected in the same mechanism of the

response of bone tissue to electrical stimulation.
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