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ABSTRACT

Osteoporosis is a progressive bone disease characterized
by a decrease in the bone mass and density, which can lead
to an increased risk of fracture. Multiple treatments have
been formulated for it like calcium, vitamin D supplements,
bisphosphonates, raloxifine, hormone replacement therapies,
teriparatide and calcitonin. However, all of these have their own
shortcomings. Topical nitroglycerin is a cost-effective, novel
medication that not only increases bone formation but also
decreases its resorption, and also has the potential to decrease
vertebral fractures more than that provided by the existing
treatments. Therefore, it could be the answer to the need of an
efficacious, cost-effective, affordable, safe and a convenient
form of therapy for the prevention of post-menopausal bone loss
and osteoporosis as a whole. Therefore, we recommend that
individuals with osteoporosis be treated with topical nitroglycerine
ointment (15 mg/day).
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INTRODUCTION

Osteoporosis, derived from a Greek work that means ‘porous
bones’, is a progressive bone disease characterized by a
decrease in the bone mass and density, which can lead to an
increased risk of fracture.! It is characterized by a decreased
bone mineral density (BMD), distorted bone microarchi-
tecture, and an altered amount and variety of proteins in the
bone. Osteoporosis is defined by the WHO as a bone mineral
density of 2.5 standard deviations or more, below the mean
peak bone mass as measured by dual-energy X-ray absorp-
tiometry. Its incidence among women aged 20 to 44 years is

1Assistant Professor, 23Junior Resident, *Associate Professor

“Department of Medicine, SN Medical College, Agra, Uttar
Pradesh, India

Corresponding Author: Prabhat Agrawal, Assistant Professor
Department of Medicine, SN Medical College, Agra, Uttar Pradesh
India, e-mail: prabhatagrawal1321@gmail.com

approximately 13.1% in the lumbar spine and 17.9% in the
femoral neck, with its incidence increasing progressively
with age to 50 and 31.1% respectively in women aged 60 to
69 years. Thus, it is a major health problem associated with
substantial morbidity and socioeconomic burden.

The current treatment options for the prevention and
treatment of osteoporosis are limited. Calcium and vitamin
D are an important nutritional combination in the manage-
ment; however its efficacy is questionable.” Bisphospho-
nates, although useful in individuals with osteoporosis and
a history of fracture, are of minimal utility without a fracture
history. They cannot be prescribed to individuals with im-
paired renal clearance® and there is no evidence that they
lead to deposition of new bone.* Raloxifene, an SERM, is
associated with an increased incidence in thromboembolic
disease, hot flushes, leg cramps, leg swelling and influenza
like syndrome.® Also, they have no effect on the risk of non-
vertebral fractures.” Hormonal replacement therapies have
potential adverse effects like breast malignancy, thrombotic
episodes, etc. Calcitonin has the limitation of not stimulating
osteoblastic activity and decreased compliance because of
nasal/parenteral dosing. Teriparatide, the last in the list of the
US-FDA approved drugs for osteoporosis, is an expensive
parenteral therapy that not only increases bone formation
but also bone resorption.

Hence, the need of the hour is a cost-effective, novel medi-
cation that not only increases bone formation but also decreases
its resorption, and also has the potential to decrease vertebral
fractures more than that provided by the existing treatments.
Topical nitroglycerin is one such alternative. Nitroglycerin
acts through the direct release of NO, independent of
intracellular NOS activity. Nitric oxide appears to play an
autocrine-paracrine regulatory role in bone cell metabolism.
A number of studies have suggested that NO may have an
anabolic effect on bone tissue.® Adding NO to bone cultures
decreases osteoclast maturation and bone resorbing activity.®
In addition, it enhances the differentiation of osteoblasts by
inducing prostaglandin E production. It also induces the
proliferation of osteoblasts and increases the production of
collagen and osteocalcin.’

Sex hormones influence the constitutive production of
NO by bone cells. The activity of NO synthase is directly
related to the level of estradiol, because it acts as an upregu-
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lator of endothelial nitric oxide synthase (eNOS). During the
reproductive years, estradiol leads to a positive NO balance,
which in turn increases the osteoblastic and decreases the
osteoclastic activity, resulting in a positive bone balance.
Circulating estradiol is low in postmenopausal women and
therefore an increased bone fraigilty is seen. In a nutshell,
NO has an estrogen-like effect on the bone (predominantly
inhibits osteoclastic bone resorption but also stimulates bone
formation) but without the estrogenic side effects. Therefore
it can be an alternative to hormonal supplementation for
osteoporosis.

A cross sectional clinical study, which was carried out in
1989 on 450 cardiac patients who were on various doses of
nitrates demonstrated a dose-dependent effect of nitrates on
the BMD when compared to age and sex matched controls.”

Rejnmark et al found that the use of nitrates was asso-
ciated with an 11% reduced risk of any fracture and a 15%
reduced risk of hip fracture with the use of nitrates over a period
of 5 years. The risk of fracture was decreased for both men and
women. '° Therefore we can conclude that the risk of fracture
is decreased significantly with the use of nitroglycerine.

Sophie Jamal et al conducted a double blind; placebo
controlled randomized trial on postmenopausal women
with lumbar spine T scores between 0 to —2.0, with changes
in lumbar BMD as the primary end point. They found that
treatment with 15 mg/day of nitroglycerin for 24 months
increased bone formation and decreased bone resorption,
resulting in an increased areal BMD at the spine and
proximal femur and an increased volumetric trabecular BMD
in the distal radius and tibia. Not only did it increase the
cortical thickness and area in the radius and tibia along with
statistically significant increase in the periosteal diameter
but also was associated with statistically significant increase
in bone specific alkaline phosphatase which is a marker of
bone formation. These findings suggest that nitroglycerin
can significantly decrease the risk of fractures, including that
of long bones which are mostly cortical in nature. The only
significant side effect was headache, which too was found
to decrease with use. Only 7 of the 243 cases discontinued
the treatment in the st year due to the same, with no one
discontinuing after 12 months of use."!

Sophie Jamal et al also did a study to determine whether
isosorbide mononitrate at 20 mg/day or nitroglycerin
ointment at 15 mg/day lead to more headaches. The study
concluded that it was the former, which gives the topical
form a clear advantage in this regard.* Nitroglycerin patch
is not useful because it has a long duration of action, which
can lead to tachyphylaxis.

A study carried out in young oophorectomized women
aged between 36 and 45 years compared the efficacy of
nitroglycerin [topical nitroglycerin therapy (15 mg/day)]

with estrogen replacement therapy (0.625 mg premarin/
day taken orally), the therapy started 3 to 4 weeks after
surgery, for the prevention of oophorectomy-induced early
postmenstrual bone loss showed that nitroglycerin was as
effective as estrogen, if not better, in preventing bone loss
in these surgically induced menopausal women. No signi-
ficant changes were found in the BMD of the hip and spine
after 6 and 12 months of treatment between both the two
groups, thereby proving that both these drugs were equally
effective in preventing bone loss in these doses. However,
nitroglycerin was also found to increase serum osteocalcin
and bone specific alkaline phosphatase levels whereas estrogen
decreased both of these. Since, both of these are markers of
bone formation, nitroglycerin may actually be better than the
time tested estrogen replacement therapy for the prophylaxis/
treatment of osteoporosis. Therefore, it may emerge as an
effective, cheap, safe and convenient form of therapy for the
prevention of postmenopausal osteoporosis, especially as
an effective alternative to hormone replacement therapy. '°

Nitroglycerin in this dose is safe and it was not found to
be associated with any significant adverse effect, or change in
blood pressure in the subjects during and after the treatment. '
It is recommended in the dosage of 15 mg/day (roughly an
inch of 2% nitroglycerine ointment which is to be applied
at the upper outer arm at bedtime). Headache was the most
common adverse effect documented. These are actually a
marker of drug activity, and patients should not alter their
treatment or dosing schedule to avoid them as a loss of
headache in such individuals is most likely associated with
loss of efficacy. It is to be used with caution in individuals on
phosphodiesterase inhibitors like sildenafil. The only contra-
indication is in individuals who develop an allergy to it.
Should preferably be avoided with calcium channel blockers
(may cause marked symptomatic orthostatic hypotension)
and patients should abstain from alcohol (vasodilatory action
of NTG gets increased). It should be used in a pregnant
woman only if clearly needed (pregnancy category C) and
caution should be exercised if given to a nursing mother,
as it is not known whether it is excreted in the human milk.

To conclude, nitroglycerin could be the answer to the
need of an efficacious, cost-effective, affordable, safe and a
convenient form of therapy for the prevention of postmeno-
pausal bone loss and osteoporosis as a whole.'? Therefore,
we recommend that individuals with osteoporosis be treated
with topical nitroglycerine ointment (15 mg/day).

REFERENCES

1. Alldredge BK, Koda-Kimble, Anne M, Young, Lloyd Y, Kradjan
WA, Guglielmo BJ. Applied therapeutics: the clinical use of
drugs. Philadelphia: Wolters Kluwer Health/Lippincott Williams
and Wilkins. 2009. p. 101-103.

Journal of South Asian Federation of Menopause Societies, January-June 2014,;2(1):20-22 21



Prabhat Agrawal et al

2.

Moyer VA on behalf of the US. Preventive Services Task, Force
(Feb 26, 2013). Vitamin D and Calcium Supplementation to
Prevent Fractures in Adults: US Preventive Services Task Force
Recommendation Statement. Annals of Internal Medicine
2013;158:691-696.

. Serra Torres A, Martinez se Sas SS, Sotoca Momblona JM,

Alemany Vilches L, Contreras Raris B, Hoyo Sanchez J. Osteo-
paenia in primary healthcare patients: do we need to be more
rigorous? Rheumatol Clin 2009;5(1):13-17.

. Jamal SA, Hamilton CJ, Black D, Cummings SR. The effects

of organic nitrates on osteoporosis: a randomized control trial
[ISRCTN94484747]. Trials 2006;7:10.

. Sunil Kumar KH, Bhaskar P. Osteoporosis—an emerging disease

of the 21st century, part 1: An overview. JFMPC 2012;1(1):66-68.

. Wimalawansa SJ. Rationale for using nitric oxide donor therapy

for prevention of bone loss and treatment of osteoporosis in
humans. Ann NY Acad Sci 2007 Nov;1117:283-297.

10.

11.

12.

. Hukkanen M, Platts LA, Lawes T, Girgis SI, Konttinen YT,

Goodship AE, Maclntyre I, Polak JM. Effect of nitric oxide donor
nitroglycerin on bone mineral density in a rat model of estrogen
deficiency-induced osteopenia. Bone 2003;32:142-149.

. Jamal SA, Reid LS, Hamilton CJ. The effects of organic nitrates

on osteoporosis: a systematic review. Osteoporos Int 2013 Mar;
24(3):763-770.

. Wimalawansa SJ. Nitric oxide novel therapy for osteoporosis.

Expert Opin Pharmacother 2008 Dec;9(17):3025-3044.
Rejnmark L, Vestergaard P, Mosekilde L. Decreased fracture risk
in users of organic nitrates: a nationwide case-control study. J
Bone Miner Res 2006;21(11):1811-1817.

Groves JT, Wang CCY. Nitric oxide synthase: models and
mechanisms. Current Opinion in Chemical Biology 2000 Dec;4(6):
687-695.

Wimalawansa SJ. Nitroglycerin therapy is as efficacious as
standard estrogen replacement therapy (Premarin) in prevention
of oophorectomy-induced bone loss; a human pilot clinical study.
J Bone Miner Res 2000 Nov;15(11):2240-2244.

22



