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Abstract

Aim: To investigate the effect of nitroglycerin (NTG) on cell proliferation and

osteoblastic differentiation of human bone marrow-derived mesenchymal stem

cells (HBMSC) and its mechanisms.  Methods: Primary HBMSC were cultured in

osteogenic differentiation medium consisting of phenol red-free α-minimum es-

sential media plus 10% fetal bovine serum (dextran-coated charcoal stripped)

supplemented with 10 nmol/L dexamethasone, 50 mg/L ascorbic acid, and 10 mmol/L

β-glycerophosphate for inducing osteoblastic differentiation.  The cells were treated

with NTG (0.1–10 µmol/L) alone or concurrent incubation with different nitric

oxide synthase (NOS) inhibitors.  Nitric oxide (NO) production was measured by

using a commercial NO kit.  Cell proliferation was measured by 5-bromodeoxyuridine

(BrdU) incorporation.  The osteoblastic differentiation of HBMSC culture was

evaluated by measuring cellular alkaline phosphatase (ALP) activity and calcium

deposition, as well as osteoblastic markers by real-time RT-PCR.  Results: The

treatment of HBMSC with NTG (0.1–10 µmol/L) led to a dose-dependent increase

of NO production in the conditional medium.  The release of NO by NTG resulted

in increased cell proliferation and osteoblastic differentiation of HBMSC, as evi-

denced by the increment of the BrdU incorporation, the induction of ALP activity

in the early stage, and the calcium deposition in the latter stage.  The increment of

NO production was also correlated with the upregulation of osteoblastic markers

in HBMSC cultures.  However, the stimulatory effect of NTG (10 µmol/L) could not

be abolished by either NG-nitro-L-arginine methyl ester, an antagonist of endothe-

lial NOS, or 1400W, a selective blocker of inducible NOS activity.  Conclusion:

NTG stimulates cell proliferation and osteoblastic differentiation of HBMSC

through a direct release of NO, which is independent on intracellular NOS activity.
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Introduction

Osteoporosis is a common and metabolic bone disease

in older women, whose features include severe osteopenia

and the cataplasias of bone microarchitecture, which increase

the friability and risk of bone fracture.  Estrogen (E2) replace-

ment therapy used to be the primary treatment option for

post-menopausal women to reverse the osteopenia caused

by osteoporosis, but its side-effects, such as increasing the

risk of breast cancer and endometrial cancer, limit its applica-

tion[1].

It has been reported that nitric oxide (NO) is a mechanism

of E2 treatment for osteoporosis[2].  It has also been con-

firmed that NO plays an important role in the course of

osteoporosis, which is supported by the fact that bone for-

mation is blocked in NO synthase (NOS)-knockout mice[3].

Therefore, nitroglycerin (NTG), a common NO donor, might

be a better choice for osteoporosis therapy, and the benefits

of the NO donor to bone formation shed new light on the

treatment for osteoporosis.  NTG has been frequently used

for cardiovascular disease in clinics for over a century, the

security of which has been generally accepted at the routine

dosage.  Nowadays, it is still a hot topic since its metabolic
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product NO exerts numerous functions during message trans-

duction in many systems.  Several researches have demon-

strated that NTG could restore the bone mineral density(BMD)

in animal osteoporosis models[4] and oophorectomy-induced

bone loss in women[5] as efficient as E2 treatment.  In addition

to the medication, osseous tissue engineering sheds new

light on the treatments of osteoporosis.  Bone marrow-de-

rived mesenchymal stem cells (BMSC), which are derived

from the seed cells of tissue engineering and are of potency for

multidirectional differentiation, have been the focus of study.

BMSC can be extracted from humans and several animals in

the bone marrow.  They differentiate towards osteoblasts in

the mineralized culture, thus, have the ability to heal frac-

tures and repair bone defects in osteoporosis in osseous

tissue engineering[6,7].  We performed further investigations

at the cellular level to detect the effects and mechanism of

NTG on human BMSC cultures.

Materials and methods

Reagents  α-Minimum essential media (α-MEM), phenol

red-free α-MEM, fetal bovine serum (FBS), penicillin-strep-

tomycin solution, and SDS were obtained from GIBCO BRL

(Grand Island, NY, USA).  Trypsin (1:125), ascorbic acid

(Vitamin C), β-glycerophosphate (β-GP), dexamethasone

(DXM), p-nitrophenyl phosphate (p-NPP), p-nitrophenol,

diethanolamine, DMSO, and dextran-coated charcoal were

purchased from Sigma (St Louis, MO, USA).  Tetrazolium

was purchased from Sino-American Biotechnology (USA).

Nitroglycerin was purchased from YiMin (Beijing, China).

NG-nitro-L-arginine methyl ester, (L-NAME), N-(3-[aminomethyl]

benzyl) acetamidine (dihydrochloride, 1400 W), the Bradford

protein assay kit, and the BCA protein assay kit were pur-

chased from Beyotime Institute of Biotechnology (Haimen,

China).  The nitrate/nitrite colorimetric assay kit was pur-

chased from Jingmei Biotechnology (Beijing, China).  The

calcium assay kit was obtained from Kehua Bio-engineering

(Shanghai, China).  The 5-bromodeoxyuridine (BrdU) cell pro-

liferation assay kit was purchased from Chemicon and

Millipore (Billerica, MA, USA).  All other chemicals were of

analytical grade and were purchased from Shanghai Biotech-

nology (Shanghai, China).  Tissue culture plastic wares were

purchased from Corning-Costar (Corning-Costar, NY, USA);

iQ SYBR green supermix was obtained from Bio-Rad Labora-

tories (Hercules, CA, USA).

Experimental equipment  A carbon dioxide (CO2) incuba-

tor was purchased from Sheldon Manufacturing (Cornelius,

USA).  A super clean bench was obtained from Jiangsu Puri-

fication Group (Suzhou, China).  An inverted microscope

was purchased from Nikon (Tokyo, Japan).  Electronic bal-

ance and super-speed refrigerated centrifuge were purchased

from Sigma (USA).  An ultrasonic cell disrupter and UV-vis-

ible spectrophotometer were purchased from Shimadzu

(Kyoto, Japan).  A Multiskan ascent microplate reader was

purchased from Thermo Labsystems (Helsinki, Finland) and

the iCycler was purchased from Bio-Rad (USA).

Cell culture and treatment  The human BMSC (HBMSC)

were immortalized with SV40 large and small T-antigens from

primary HBMSC cultures, as previously described[8,9].  This

study was approved by the Ethics Committee Board of Xiangya

School of Medicine, Central South University, Hunan, China.

Briefly, the cells were maintained in α-MEM supplemented

with 15% FBS in a humidified incubator with 5% CO2 and

95% air at a temperature of 37 ºC.  After sub-confluence, the

cells were plated overnight into either 96-well or 24-well plates

at the indicated density.  The cells in the 24-well plates were

switched to the differentiation media: phenol red-free α-MEM

containing 10% FBS (dextran-coated charcoal stripped), 10

nmol/L DXM, 50 mg/L vitamin C, and 10 mmol/L β-GP for in-

ducing osteoblastic differentiation of HBMSC.  In the sub-

sequent experiments, the first day of culture in the differen-

tiation media was defined as d 0, and the cell treatments were

added on d 0.  For the treatments, the culture media were

replaced every 2 d up to the indicated days for harvesting.

Cytotoxicity assay  The cytotoxicity of NTG to the cells

was carried out using methyl thiazolyl tetrazolium (MTT) chro-

nometry assay.  The HBMSC cells were digested with 0.25%

trypsin before cell counting, and then plated into a 96-well

plate at a density of 1×104 cells/mL; 0.2 mL cell suspension

was added to each well.  The cells were supplied with α-

MEM containing 10% FBS for 24 h to achieve 60%

confluence after adherence.  Then the media were replaced

and the cells were treated with different concentrations of

NTG for 72 h.  NTG was dissolved in less than 0.1% ethanol,

which served as the vehicle control.  After 72 h, the cells

were incubated with MTT [dissolved in 5 g/L phosphate-

buffered saline (PBS)] for an additional 4 h, then the media

were removed and 200 µL DMSO was added to each well for

the following assays.  The plates were shaken for 10 min or

incubated at 37 °C for 15 min to obtain a sufficient extraction

of the MTT products, then optical density (OD) at 490 nm

was detected with a 96-well microplate reader.  There was a

direct correlation between the OD value and the concentra-

tion of blue products, which represented the number of live

cells[10], and was expressed as the percentage of the control

group in this study.

Measurement of NO production  NO production was

measured as the total content of nitrate and nitrite in the
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culture media.  A nitrite colorimetric assay kit was employed

using the nitrate reductase method, as described before[11].

Absorbance was then measured at 530 nm and the NO con-

tent in the culture media was expressed as the nitrite

concentration, which was determined by comparing with the

KNO3 standard.  The NO concentration was expressed as

µmol/L.

BrdU cell proliferation assay  Measurements were per-

formed as per the instructions provided in the kit.  The cells

were plated at 2×105cells/mL in 100 µL α-MEM containing

10% FBS in each well.  After adherence, the media were re-

placed with α-MEM containing 0.1% FBS for another 24 h to

achieve the synchronization of cell growth.  Then the cells

were treated with various concentrations of NTG plus BrdU

in α-MEM containing 7.5% FBS for an additional 24 h.  At

the end of the BrdU labeling, the media were removed, and

the plate was dried for 5 min.  The fixing solution was then

added at room temperature for 30 min.  The plate was washed

again with wash buffer for 3×5 min, then the following re-

agents were added in order: anti-BrdU, goat antimouse im-

munoglobulin G POD, and TMB by repeating the incubation,

washing, and drying procedures according to the manufacturer’s

protocol.  The OD value was detected at 450 nm after the

acid stop solution was added.  The group in which cell pro-

liferation was most active showed a higher OD value, which

was expressed as the percentage of the control group in this

study.

Alkaline phosphatase activity  Cellular alkaline phos-

phatase (ALP) activity was assayed according to our previ-

ous study[12].  At the end of the 8 d treatments, the cells were

harvested; the media was used for the nitrite production

assay.  The cells were washed twice with PBS and treated

with 0.25% trypsin for 10 min to allow for detachment, and

then collected for the enzyme activity test.  Cellular ALP

activity was determined using p-NPP (90 mmol/L) as the sub-

strate (pH 10.3) at 37 °C for 30 min.  The OD value was then

read at 405 nm, and the total protein content was measured

with the Bradford protein assay kit.  ALP activity was ex-

pressed as nmol·min–1·µg–1 protein.

Quantitation of calcium deposition  The calcification of

HBMSC was assessed by modification of the Wada proce-

dure[12].  After 12 d co-incubation with the reagents, the cells

were washed twice with PBS and then decalcified with 0.6

mol/L HCl for 24 h.  The calcium content was determined by

measuring the calcium concentration in the HCl supernatant

by the methylthymol blue method using the calcium assay

kit.  The cells were washed with PBS and then underwent

schizolysis with the commixture of 0.1 mol/L NaOH, and 0.1%

SDS.  The total protein content was detected with a BCA

protein assay kit to normalize the calcium content, which

was expressed as µg·µg–1 protein.

Real-time RT-PCR  For the quantitative real-time RT-

PCR, 2.0 µg total RNA isolated from HBMSC cultures was

reverse transcribed, as previously described[22].  The PCR

reactions contained 100 ng template (cDNA or RNA), 300

nmol each of forward and reverse primers, and 1× iQ SYBR

green supermix in 50 µL.  The threshold cycle (Ct) of the

tested gene product from the indicated group was normal-

ized to the Ct for GAPDH[8].

Statistical analysis  The parameters were expressed as

mean±SD.  Statistical significance was evaluated by one-

way ANOVA assay, and a P-value of less than 0.05 was con-

sidered statistically significant.

Results

Cytotoxicity of NTG on HBMSC  To investigate the cy-

totoxicity of NTG on HBMSC, the cells were treated with a

broad dose of NTG from 1 nmol/L to 1 mmol/L, as mentioned

in Materials and methods.  When NTG reached 0.1–1 mmol/L,

the cells floated in the media after 24 h treatment, which

indicated the notable cytotoxicity of NTG under 0.1–1 mmol/L

concentrations.  Otherwise, there was no obvious cytotoxic-

ity from 1 nmol/L to 10 µmol/L, as compared with the control

group.  In addition, there was a greater amount of cells ob-

served in the 1- and 10 µmol/L-treated groups, indicated NTG

at 1 µmol/L and 10 µmol/L promoted cell proliferation in

HBMSC cultures (Figure 1).

Increased NO production in NTG-treated HBMSC cul-

tures  NTG (0.01–10 µmol/L) treatment resulted in a dose-

dependent increase of NO production in the conditioned

Figure 1.  Cytotoxicity of NTG on HBMSC.  MTT OD(λ /nm=490)

value was measured and expressed as the percentage of the control.

No obvious cytotoxicity was observed at 0.001–10 µ mol/L NTG.

When NTG reached 1 and 10 µ mol/L, the cell number was signifi-

cantly increased, reflecting an increase in cell proliferation.  n=3.

Mean±SD.  bP<0.05 vs vehicle control.
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media on d 4 (Figure 2), d 8 (Figure 5A), and d 12 (Figure 6A).

As shown in Figure 2, 0.1 µmol/L NTG on d 4 had a signifi-

cant increase on NO production compared to the control;

the maximal outcome of NO production was 10 µmol/L.  To

examine the role of NOS on NO production, L-NAME [a se-

lective inhibitor of endothelial NOS (eNOS)] and 1400W [a

selective inhibitor of inducible NOS (iNOS)] were employed

in this study.  As shown in Figure 3, 10 µmol/L NTG signifi-

cantly increased the NO outcome in the conditioned media,

however, there was no significant change observed in NO

production between the NTG-treated group and the NTG+L-

NAME (300 µmol/L) or 1400W (100 µmol/L) groups, indicat-

ing the increment of NO production was independent of ei-

ther eNOS or iNOS activity in HBMSC cultures.  L-NAME or

1400W alone had no obvious effect on NO production in

HBMSC cultures.

Effect of NTG on cell proliferation of HBMSC cultures

As shown in Figure 4, NTG (0.1–10 µmol/L) dose depen-

dently increased the BrdU incorporation into HBMSC

cultures, indicating that NTG enhanced cell DNA synthesis

and the cell growth rate.  Compared to the increased maximal

NO production, the maximal effect of NTG on cell growth

was 1 µmol/L, but 5 or 10 µmol/L NTG showed a slight reduc-

tion on cell proliferation, suggesting that1 µmol/L NTG

could be a transition point for cell proliferation in HBMSC

cultures.

Effect of NTG on osteoblastic differentiation of HBMSC

cultures  According to our previous study, d 8 of ALP activ-

ity and d 12 of calcium deposition were used to evaluate

osteoblastic differentiation in HBMSC cultures[8].  In the

present study, we measured ALP activity and the content of

calcium deposition on d 8 and 12, respectively.  The similar

dose-dependent responses were observed in both ALP ac-

tivity and calcium deposition (Figure 5A,6A).  Consistent

with the NO outcome in the conditioned media, 10 µmol/L

NTG was found to exert maximal effect on osteoblastic dif-

ferentiation in HBMSC cultures.  In addition, there was a

significant correlation between the NO production of NTG

and the cellular ALP activity (Figure 5B), as well as the cal-

cium deposition (Figure 6B), which indicated that the NO

production of NTG was in line with the promotion of osteo-

blastic differentiation in HBMSC cultures.

Figure 2.  Effect of NTG on NO production in HBMSC cultures.

HBMSC were treated with NTG at the indicated concentrations.  NO

production was increased in a dose-dependent manner.  n=3.  Mean±SD.
bP<0.05 vs vehicle control.

Figure 3.  Effect of NOS inhibitors on NTG-mediated NO produc-

tion in HBMSC cultures.  HBMSC were treated with NTG (10 µmol/L)

in the presence or absence of L-NAME (300 µ mol/L) or 1400W (100

µ mol/L).  NO production was significantly increased in the NTG-

treated group; however, there was no significant difference observed

in NO production between the NTG-treated group and NTG+L-NAME

or 1400W groups, respectively.  n=3.  Mean±SD.  bP<0.05 vs vehicle

control.

Figure 4.  Effect of NTG on cell proliferation of HBMSC. BrdU OD

(λ/nm=450) value was measured and expressed as the percentage of

the control.  NTG (0.1–10 µ mol/L) dose dependently enhanced the

cell proliferation of HBMSC and showed significant increase in BrdU

incorporation.  Maximal response of NTG was 1  µ mol/L.  n=3.

Mean±SD.  bP<0.05 vs vehicle control.



584

 Acta Pharmacologica Sinica ISSN 1671-4083Huang L et al

Effect of NTG on RUNX2, osterix, and osteocalcin ex-

pressions of HBMSC cultures Real-time RT-PCR was per-

formed to evaluate the effect of NTG on osteoblastic markers,

such as RUNX2, osterix, and osteocalcin expressions on d 8

of HBMSC cultures.  As shown in Table 1, NTG (0.1–10 µmol/L)

dose dependently promoted the osteoblast-specific tran-

scriptional factor RUNX2 expression, with more than a 2-fold

increase in 10 µmol/L NTG treatment.  Similarly, the RUNX2

downstream gene osteocalcin and another osteoblast-spe-

cific transcriptional factor osterix were also significantly in-

duced in a dose-dependent manner.  A slight but signifi-

cantly decline of the gene expressions was also observed

when treated with 300 µmol/L L-NAME alone, indicating an

Figure 5.  Effect of NTG on ALP activity of HBMSC.  (A) ALP

activity.  NTG dose dependently enhanced the ALP activity in the

early stage of osteoblastic differentiation of HBMSC cultures.  Maxi-

mal effect of NTG was 10 µ mol/L, consistent with the maximal

outcome of NO released in the conditioned media.  n=3.  Mean±SD.
bP<0.05 vs c1 vehicle control.  eP<0.05 vs  c2 vehicle control.   (B)

Relationship between NO production and ALP activity.  There was

good correlation between NO production and ALP activity in the

HBMSC cultures using two-tailed Pearson’s correlation analysis; the

correlation value was r=0.856.

Figure 6.  Effect of NTG on calcium deposition of HBMSC.  (A)

Calcium deposition.  NTG dose dependently increased the calcium

deposition in the latter stage of osteoblastic differentiation of HBMSC

cultures.  Similar to ALP activity, the maximal effect of NTG was 5

µmol/L.  n=3.  Mean±SD.  bP<0.05 vs c1 vehicle control.  eP<0.05 vs

c2 vehicle control.  (B) Relationship between NO production and

calcium deposition.  There was a significant correlation between NO

production and calcium deposition in HBMSC cultures using two-tailed

Pearson’s correlation analysis; the correlation value was r=0.648.

Table 1.  Effects of NTG on RUNX2 , osterix, and osteocalcin  ex-

pressions of HBMSC by real-time PCR.  n=4.  Mean±SD.  bP<0.05,
cP<0.01 vs control (Me2SO).  fP<0.01 vs L-NAME.

       Group   RUNX2            Osteocalcin Osterix

Control 1.00±0.12 1.00±0.18 1.00±0.25

NTG (µ mol/L)

0.1 1.35±0.13b 1.48±0.16b 1.10±0.13

1.0 1.62±0.15b 2.01±0.22c 1.63±0.24b

1 0 2.03±0.24c 2.92±0.32c 1.95±0.28c

L-NAME 0.74±0.17b 0.76±0.21b 0.77±0.1b

NTG+L-NAME 2.20±0.26 f 2.84±0.29 f 1.97±0.23 f
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inhibition of L-NAME on endogenous NOS activity and

osteoblastic differentiation.  However, this concentration of

L-NAME could not block 10 µmol/L NTG-induced osteo-

blastic gene expression, suggesting that the NTG-induced

osteoblastic differentiation is independent of endogenous

NOS activity.

Discussion

In our previous study, we found that 17-β-estradiol (E2) and

phytoestrogens, such as genistein[11] and resveratrol[13] had

E2-like activity and enhanced cell proliferation and osteo-

blastic differentiation through the stimulation of NO pro-

duction in mouse BMSC cultures.  In the present study, we

extended our observations to examine the effect of NTG, an

NO donor, on cell proliferation and osteoblastic differentia-

tion in human bone marrow cultures.  Our data showed that

NTG dose dependently elevated NO production in HBMSC

cultures, which was independent of NOS activity.  The re-

lease of NO by NTG also resulted in increased cell prolifera-

tion and osteoblastic differentiation of HBMSC, as evidenced

by the increment of the BrdU incorporation, the induction of

ALP activity in the early stage and the calcium deposition in

the latter stage, and upregulation of osteoblastic markers,

such as RUNX2, osteocalcin, and osterix expressions.  These

findings demonstrated that NTG stimulated cell proliferation

and osteoblastic differentiation of HBMSC in vitro through

a NO pathway.

NTG stimulates bone formation through the release of

NO.  NTG has been reported to prevent ovariectomy-induced

bone loss in female rats[4] and corticosteroid-induced bone

loss in male rats[14], but the mechanism remains unclear.  Ac-

cording to the literature, the combination of E2 and NTG did

not further enhance bone mass[15], and reductions in the exer-

cise-induced mRNA expression of human skeletal muscles by

L-NAME can be prevented by the administration of NTG[16],

indicating that NTG prevents bone loss through the release

of NO.  In this regard, we found that NTG dose dependently

elevated NO production, which is parallel with the induction

of HBMSC cell proliferation and osteoblastic differentiation

in vitro, supporting the view that NTG stimulates osteoblas-

tic differentiation and bone formation through the release of

NO.  Consistent with our results, NTG has also been re-

ported to counteract oophorectomy-induced bone loss in

women as efficacious as standard estrogen replacement

therapy[5], and a significant decrease in the serum concen-

trations of nitrite/nitrate has also been noted in osteoporotic

women compared to women with normal bone mineral den-

sity (BMD) or osteopenia[17].  In addition, we found that the

NO release of NTG was independent of cellular NOS activity

with high dosages of NTG, which was inconsistent with the

in vivo rat model previously reported[18].  This could be due

to gene regulations in systemic conditions.  It was also ob-

served in our study that the reduction of bone marker gene

expressions caused by L-NAME was reversed by NTG, which

further indicated that the effect of NTG was not completely

dependent on NOS.  Jamal et al[19] reported that the intermit-

tent use of nitrates has been shown to enhance BMD and

decrease the risk of fractures in osteoporotic women, further

supporting the view that an increase of NO production can

treat human osteoporosis in future.

NTG exerted its anabolic effects through either NO/cGMP

or cGMP-independent pathways.  NO was reported to act

through the cGMP-independent pathway by nitrifying the

functional group in proteins[20] and reacting with superoxide

anion[21].  It has been shown that SNAP, another NO donor,

facilitated the proliferation of MC3T3-E1 through NO-COX-PGE2

loop, independent of the cGMP pathway[22].  This could also be

an example of NTG enhancing the proliferation of human BMSC

cultures.  Two types of guanylate cyclase (GC) have been re-

ported to express in osteoblastic precursor cells[11,23], indicat-

ing that the NO/GC/cGMP pathway may play an important

role in NTG-induced cell proliferation and osteoblastic dif-

ferentiation of HBMSC cultures.  Other studies have shown

that a slow and moderate release of NO stimulates the repli-

cation of primary rat osteoblasts and ALP activity via the

cGMP-dependent pathway[24], and c-fos, one of the genes

controlling cell proliferation, could be upregulated by the

cellular cGMP level[25].  Furthermore, our recent research

found that E2 and genistein enhanced cell proliferation and

osteoblastic differentiation of mouse BMSC via the NO/cGMP

pathway, and that genistein-induced osteoblastic makers,

such as RUNX2 (Cbfa1) and osteocalcin expressions were

markedly attenuated by using ODQ, an inhibitor of sGC, in-

dicating that the upregulation of osteoblastic differentiation

gene transcription in BMSC cultures are dependent on cel-

lular cGMP levels[11].  Consistent with these findings and our

current data about NTG upregulating osteoblastic markers,

such as RUNX2 expression, EDA-NO, a NO donor, was re-

ported to directly phosphorylate RUNX2 (Cbfa1) via the

cGMP/PKG pathway to increase its downstream gene MMP-

13 expression[26].  Moreover, the administration of potas-

sium nitrosylpentachlorouthenate, another NO donor, re-

versed the decline of the osteoblast number and increased

the expressions of RUNX2 (Cbfa1) and osteocalcin genes in

eNOS knockout mice after 21 days  treatment[27].  Taken

together, the NO/cGMP/RUNX2 (Cbfa1) pathway plays an

essential in NTG-mediated cell proliferation and osteoblas-

tic differentiation of mouse and human BMSC cultures[28,29].
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In conclusion, the present study is the first to confirm

that NTG, through the direct release of NO, stimulates cell

proliferation and osteoblastic differentiation in HBMSC

cultures.  The activation of the NO pathway may mediate the

anabolic effects of NTG on bone cells and serve as an impor-

tant mechanism for this common NO donor effectiveness as

an anti-osteoporotic treatment.
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