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ABSTRACT
Osteoporosis is a bone-related disease with low Bone Mineral Density (BMD) than required. Bones become porous, more  fragile and increase trouble of bone broking. The most affected bones are the spine, hip and shoulder. The main cause of Osteoporosis is decreasing BMD. The most effective and frequently used drugs for treatment of osteoporosis are different Bisphosphonate (BPs) molecules i.e. Alendronate, Ibandronate, Risedronate etc,   due to the effective results of their therapeutic studies. The potency of BP’s for decreasing the risks of osteoporosis has been proved in many clinical studies. 
The osteoclast cells are responsible for bone resorption and cause osteoporosis, so the bisphosphonate drugs target these cells and inhibit the osteoclast cells' activity. “Bisphosphonates bind with high affinity to the mineral matrix of the bone and prohibit osteoclast resorption of the bone, which result to a decrease in bone turnover and a net gain in bone mass. Risedronate ,Alendronate, zoledronic acid etc have evidence an increase in Bone mineral density and a lowers the risk of fractures due to osteoporosis in men and postmenopausal women.
Bisphosphonates bind to hydroxylapatite crystals i.e Ca5(PO4)3OH and therefore have a very high affinity for bone. Bisphosphonates are released from the bone matrix upon exposure to acid and enzymes secreted by an active osteoclast. Bisphosphonates bind the surface of bone and decline bone resorption of Osteoclast cells. The  equilibrium or balance between osteoclast and osteoblast cells ceases the bone loss and increases bone strength, which is the basic action of Bispbospbonate class of drugs.
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INTRODUCTION
Osteoporosis means "Porous bone", a skeletal related disease with low Bone Mineral Density (BMD). Bones become more fragile and increase high chance of fracture. The most affected bones are the spine, pelvic, shoulder and wrist bones. Decreasing bone density is the leading cause of Osteoporosis. Pelvic and spinal fractures are the most risky aspect of Osteoporosis. It is commonly seen in old age, but women have a high risk after menopause. It causes Stooped posture, loss of height and persistent pain with cause’s reduction in movability [1]. 
Osteoporosis is a Greek word from “Osteen”, which means bone and “Porous” for porosity, indicating bone deterioration. Osteoporosis is sometimes confused with osteoarthritis because the name is similar. Osteoporosis is a skeletal-related bone disease, whereas osteoarthritis is a disease of the joints and surrounding tissues. 
Osteoporosis is one of the most common bone diseases diagnosed by low BMD and fragility of bone tissues with a subsequent increase in sensitivity to fracture. It is called a “Silent disease” because its symptoms cannot identify at an early stage which caused the fractures. Osteoporotic fractures often increase mortality, reduce life quality, prolonged hospital stays and high economic costs [2, 3]. It is generally seen in senior citizen, but women after menopause   have a high risk of Post- Menopausal Osteoporosis (PMO). On Compared with the myocardial restriction and stroke, they need nursing home admissions and long duration stay after osteoporotic pelvic fractures [4].
According to the World Health Organization (WHO) definition, 26 million white Americans are osteoporotic. According to the 2011 census, approximately 183 million Indians are above 50. Years are osteoporotic; this number is expected to double by 2025. Approximately 40% of patients suffering from a hip fracture cannot live independently, and 22% die within 12 months of the fracture [5, 6]. 
Osteoporosis is designate by a decreases in mass of bone also known as Osteopenia and a deterioration in bone micro-architecture, leading to an increase softness of the skeleton and, therefore, to a greater risk of bone cracking. Postmenopausal osteoporosis is also a serious public health problem due to its worldwide universality and the high socio-economic and healthcare influence on society [7].  
India is the second-most populous country globally, so osteoporosis is a severe problem in our country. The population of India is anticipated to increase to 1,367 million by 2021 and 1,613 million by 2050, of which 9% (134 million) and 19.6% (315 million), respectively, will be adults over 60 years [8]. 

 CURRENT TREATMENTS FOR OSTEOPOROSIS
Common osteoporosis treatments are changing lifestyles (including exercise and meditation in everyday life), taking orthopedic drugs, and surgical treatment. Biphosphonate medications are mainly used to treat previous broken bones due to osteoporosis. “Osteoporosis is a second worldwide disease after cardiovascular diseases”. It causes more than 9 million fractures per year. Therefore researchers have turned to a new branch of nanotechnology, i.e. nanomedicines, to create alternative and innovative treatments for osteoporosis [9]. 
“In terms of treatment choice for osteoporosis, the National Osteoporosis Foundation (NOF) suggests starting with a non-pharmacologic approach. Resistance and weight-bearing exercise can increase muscle mass and rapidly increase Bone mineral density. Yoga raise balance and increase muscle tone, which as a secondary effect decrease the risk for falls among mature or aged patients. Recommending about smoking as well as alcohol cessation (which is directly linked to reduce BMD) are encouraged” [10-12]. 
Recent treatment of osteoporosis involves bisphosphonates, Denosumab, calcitonin, Selective Estrogen Receptor Modulators (SERM), i.e. Raloxifene and sufficient consumption of calcium along with vitamin D. Novel osteoclast targeted agents like c-src kinase and cathepsin K are under medical advancement[13, 14]. 
[image: Chemical structure of pyrophosphate and bisphosphonate. R1 and R2 signify the side chains of bisphosphonate.]Bisphosphonates are the most frequently used drugs for curing osteoporosis due to the positive and better  results of their medicinal studies. The efficacy of BP’s for reducing the possibility of osteoporosis has been established in large clinical trials; the target cells of bisphosphonates are Osteoclasts . BP’s are the most powerful active drugs among all available drugs for the treatment of osteoporosis. They are chemically derived from pyrophosphates that suppress the precipitation of calcium carbonate [15]. 
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Figure (1) Chemical structure of BPs
)B Akgun and co-workers have described the Synthesis and analysis the Chemical structure of pyrophosphate and bisphosphonate. R1 and R2 indicate the side chains of bisphosphonate Fig. (1). 
                           
Bisphosphonates are synthetic analogs with a P–C–P bond in place of the P–O–P bond of inorganic pyrophosphates. Strong binding affinity to bone is the unique characteristic of bisphosphonates which is used to cure bone resorption and other bone-related diseases. BP’s prohibit the calcification and breakdown of Bone minerals, i.e. hydroxyapatite, which are bound by two phosphate unit and serve as“Bone hook” [16].     
Bisphosphonates when attached the bone surface and decline bone resorption of Osteoclast cells. Balance between osteoclast and osteoblast cells stopped bone loss and enhance bone strength, which is the primary action of Bispbospbonate class of drugs.
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BONE MINERAL DENSITY (BMD)
 (
Figure 
(2
) Correlation
 of BMD and T-score
)Bone density values in individuals can be indicate concerning a reference population in standard deviation (SD);  when it compared to the youngster , healthy population, this measurement is referred to as the T-score [17-19]. The correlation of BMD and T score is shown in Fig. (2).
Osteoporosis: T-Score 2.5 SD or more below is called osteoporosis. Acute osteoporosis: T-Score 2.5 SD or more below in the presence of one or more fragility fractures (T-score d”-2.5 PLUS fracture). 
DIAGNOSIS OF OSTEOPOROSIS
According to World Health Organization (WHO), “The most exact diagnostic technique for osteoporosis is the measurement of BMD by Dual Energy X-ray Absorptiometry (DEXA), but it is expensive and not universally available in low economies” [20].  
In this disease, the following symptoms are observed:-
(a) Fragility of bone tissue
(b) Low bone mass (BMD)
(c) Back pain caused by collapsed vertebra or fracture 
(d) A stooped posture
These symptoms increased the risk of fractures. According to WHO report, the standard range of BMD for osteoporotic hip and spinal bones is 2.5 as measured by DEXA technique. The reference values of BMD of healthy adults were calculated and termed as “T-score value”. If this value for  spinal or hip BMD is between 1 and 2.5  and standard deviations below the mean is defined as “Osteopenia”. If people have osteopenia, they are at the high risk of osteoporosis [21]. The World Health Organization has established the following diagnostic guidelines shown below in the table (1):- 
Table 1. -Standard T-score range
	     Osteoporosis Category
	T-score Value
	% young women

	(i) Normal
	T-score ≥ −1.0
	85%

	(ii) Osteopenia
	2.5 < T-score < −1.0
	14%

	(iii) Osteoporosis
	T-score ≤ −2.5
	0.6%

	(iv) Severe osteoporosis
	T-score ≤−2.5 with fragility fracture 
	0.4%



Radio graphical methods are applied for the diagnosis of Osteoporosis. DEXA scanning is the most commonly used diagnosis technique for osteoporosis in central of the total hip, neck of femur or lumbar spine. Quantitative determination of BMD is possible with the help of Computed tomography (CT scan). It is the most frequently used technique, but its use is confined due to radiation exposure and cost.    

BISPHOSPHONATES
The most frequently used drugs for the treatment of osteoporosis are Bisphosphonates due to a the efficacy and minimizing the risks of osteoporosis, has been established in many clinical trials. Zoledronic acid, having nitrogen belongs to bisphosphonate group, has been proved the potent  drug for the management of osteoporosis and lowers the risk of fracture. 
 	According to the mechanism of Bisphosphonates, bind with great affinity to the bone mineral matrix (Hydroxy apetite) and target the osteoclast bone cells. Bisphonates prevent osteoclast resorption of the bone, resulting to a decrease in bone turnover and increase the BMD.  Alendronate, risedronate, and zoledronic acid have reported to increase in BMD and a decrease the bone resorption. It helps in treatment of osteoporosis in men and postmenopausal women [22].
Bisphosphonates are mostly prescribed drugs for the treatment of osteoporosis in the US and many more countries, including India. Alendronate is the first bisphosphonate, which was authorized in the US in 1995, for the treatment of osteoporosis. 
Since then, many new bisphosphonates molecules with short frequent dosing intervals have been introduced.
(a)  Risedronate is an oral medication administered daily, weekly as well as monthly at varying doses.
(b) Zoledronic acid is the newer medication administered once yearly by intravenous transfusion.
Bisphosphonates bind to hydroxyapatite crystals and target the bone cells osteoclast with great affinity [23]. Bisphosphonates are released from the bone matrix upon exposure to acid and enzymes secreted by an active osteoclast. Out of all bisphosphonates, zoledronic acid has the highest affinity for binding to the bone mineral matrix followed by the following order [24], shown below in fig.(3).
Pamidronate >Alendronate > Ibandronate > Risedronate > Etidronate > Clodronate.  

The the targetability of bisphosphonate for the bone matrix, phosphate and hydroxyl groups are essential. The potency of bisphosphonates for the inhibition of bone resorption depends on the structural moiety (in the R2 position) bound to the central carbon atom. The bisphosphonate’s antiresorptive potency can be increased by addition of nitrogen or amino group up to 1000 times relative to early non–nitrogen-containing bisphosphonates, such as etidronate. Recent studies explain The molecular mechanism of inhibition of osteoclast activity of  nitrogen-containing bisphosphonates has been explained in many studies.
High affinity to bone minerals is the most important pharmacological feature of all bisphosphonates, which makes these molecules, highly effective in orthopaedic therapy. This high affinity for bone minerals allows bisphosphonates to achieve a high local concentration throughout the entire skeleton. Accordingly, bisphosphonates have become the primary therapy for skeletal disorders characterized by excessive or imbalanced skeletal remodelling, in which osteoclast and osteoblast activities are not tightly coupled, leading to excessive osteoclast-mediated bone resorption [25-31].
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Figure (3) Efficacy of Bisphosphonates 
Etidronate, clodronate, and tiludronate are non–nitrogen-containing bisphosphonates, considered first generation bisphosphonates. Alendronate, risedronate, ibandronate, pamidronate, and zoledronic acid are second and third generation bisphosphonates have nitrogen-containing R2 side chains [32]. Classification of bisphosphonates based on nitrogen-containing and non-nitrogen containing groups are shown in the following Fig. (4).
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Figure (4) Classification of Bisphosphonates 
Zoledronic acid is the most efficient bisphosphonate molecule, with higher affinity to bone matrix binds to the bone surface but spread through bone slowly, whereas some lower affinity bisphophonate molecule like clodronate distributes more widely through the bone, but they have a shorter time of residence when the treatment is stopped. Approximately three months of oral bisphosphonate therapy can suppress the bone resorption  with regardless of dosing frequency, but it is more efficient in case of  intravenous administration [33, 34]. 

COMMOM BISPHOAPSPHONATES
(i) Alendronate –Sodium [35, 36]
IUPAC Name  	:	       Sodium trihydrate hydrogen (4-amino-1-hydroxy-1- phosphonobutyl) phosphonate 
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Structure 	:	
Molecular Formula	:	C4H12NNaO7P2 

Molecular Weight		:        271.08

Physical State			:        Solid, White, non hygroscopic crystalline powder

Solubility		  	:        Soluble in water, very slightly soluble in alcohol
Pharmacological Class	:	Alendronate-sodium is a second generation bisphosphonate which was first time approved by FDA for the treatment of of osteoperosis. It prevents the resorption of bone label.
Melting Point	:	234ºC

Mechanism of action
Alendronate binds to bone mineral hydroxyapatite and targets the osteoclasr cells which are responsible for bone resorption. It causes local acidification, releasing alendronic acid taken into osteoclasts by fluid-phase endocytosis. Endocytic vesicles are acidified, releasing alendronic acid to the cytosol of osteoclasts, where they induce apoptosis. It inhibits the activity of osteoclasts cells, which decreases bone resorption and is shown through decreased urinary calcium.
(ii) Ibandronate –Sodium  
[image: Risedronate sodium | C7H10NNaO7P2 - PubChem]IUPAC Name 	: 	1-Hydroxy-3-[methyl (pentyl) amino]-1, 1- propanediyl} bis (phosphonic acid) 
Structure                	:	
		
Molecular Formula	:      C9H24NNaO8P2
Molecular Weight	:  	359.23
Physical State	:  	Solid, White to off white powder
Solubility	:  	Freely soluble in water, practically insoluble in organic solvents.
Melting Point           	: 	173-175°C
Mechanism of Action
Ibandronate is  Nitrogen-containing bisphosphonate taken into the bone and binds to the  hydroxyapatite. Bone resorption by osteoclasts causes local acidification, releasing the bisphosphonate, which is taken into the osteoclast by fluid-phase endocytosis. Endocytic vesicles become acidified, releasing bisphosphonates into the cytosol of osteoclasts where they act. Polymeric nanoformulation and nanoencapsulation of bisphoaphonate drugs can improve the oral bioavailability of many drugs, have been proved a promising approach in previous studies [37-39].
(iii) Risedronate –Sodium
[image: Risedronate sodium | C7H10NNaO7P2 - PubChem]IUPAC Name	:           Sodium hydrogen [1-hydroxy-1-phosphono-2-(pyridin-3- yl)ethyl]phosphonate
Structure 		:
Molecular Formula	:	 C7H10NNaO7P2
Molecular Weight	:  	305.0941
Physical State	:  	Solid, Off white crystalline powder.
Solubility		:     	Soluble in pH 7.0 potassium phosphate dibasic  
solution, 0.1 N NaOH, and water; very slightly soluble in 0.1 N HCl, practically insoluble in C2H5OH, and insoluble in isopropanol.
	Melting Point	: 	252-262 ºC
Mechanism Of Action
Risedronatic acid targets to bone hydroxyapatite Label. Bone resorption causes local acidification, releasing risedronic acid, which is taken into osteoclasts by fluid-phase endocytosis1. Endocytic vesicles are acidified, releasing risedronic acid to the cytosol of osteoclasts, where they induce apoptosis through inhibition of farnesyl pyrophosphate synthase1. It inhibits the activity of osteoclasts and decreased the bone resorption [40].
CONCLUSION
Osteoporosis is a common worldwide disease after cardiovascular disease. Many medications are available for the treatment of osteoporosis but bisphosphonate molecules are the most efficient medication option, Bisphosphonates are the most effective treatment option for Osteoporosis, but there is increasing concern about their long-term safety. The Bisphosphonates are the most commonly prescribed drugs by FDA to treat osteoporosis. Alendronate was the first bisphosphonate to be approved to treat osteoporosis in the US. Since then, newer bisphosphonates with less frequent dosing intervals have been introduced like Risedronate, Zoledronic acid etc. Bisphosphonates bind to hydroxyapatite crystals and thus have a very high affinity for bone. 
The review suggested the different alternatives available for the treatment of osteoporosis. The assessment was specially centered at the remedy to osteoporosis & different bone associated diseases.  The biphosphonates treatment minimized the bone problems including physiotherapy, surgeries, etc. So the review article includes all the general information regarding biphosphonates. These are the drug of desire that's effortlessly to be had with nicely tolerance to patients & now no longer having life-threatening facet effects.
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