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INTRODUCTION 

 

 Gastric acid is a critical factor in general gastrointestinal health and acid-related diseases involve a variety of disorders that can affect the esophagus, stomach 

and duodenum. These disorders are frequently treated with proton-pump inhibitors (PPIs), which include omeprazole, lansoprazole, rabeprazole, pantoprazole, and 

esomeprazole. PPIs irreversibly bind and inactivate gastric H+/K+-ATPases, thereby suppressing hydrochloric acid (HCl), production and reducing the irritation 

and mucosal damage caused by HCl. Also, they are highly effective treatment through alteration of the microbiome throughout the human gastrointestinal tract 

with important potential consequences for human health (diagram 1) (Camilleri et al., 2005; Daniel et al., 2014). 

 Omeprazole which is the effective material in pepzole is the best-established and therefore most-studied drug in the PPI class. It works by decreasing the 

amount of acid that the parietal cells of stomach makes (Camilleri et al., 2005; Daniel et al., 2014).Its effectiveness in the treatment of all acid related diseases is 

well documented (John. 2000), especially in the treatment of ulcer-like symptoms and bleeding of stomach (Jones, 2002; Lewis et al., 2016).  

 In recent years, concerns have been raised about potential adverse drug side effects associated with PPI use, including potential fracture risk, especially at the 

hip, spine and wrist, hypomagnesaemia, interstitial nephritis, iron and vitamin B12 malabsorption, and infections (Liwei Wang, 2017) 

 Drug-induced osteoporosis is a significant health problem and many physicians are unaware that many commonly prescribed medications contribute to 

significant bone loss and fractures. The proton pump inhibitor is a group of the drug-induced osteoporosis and has deleterious effects on the bone health. Normally, 

bone is a metabolically active tissue that undergoes remodeling throughout life and its homeostasis is maintained by different factors that needs normal minerals. If 

these minerals become low, osteoporosis will occur and this will affect the structural and biomechanical properties of bones (Ito et al., 2010 and Keshav et al 

(2014). 

 Several clinical studies suggested that the PPI use is associated with an increase in osteoporotic fracture risk (Vestergaard et al., 2006 b; Yang et al. 2006; 

Targownik et al. 2008; Yu et al. 2008;). Based on these studies, the US Food and Drug Administration revised labeling for PPIs in May 2010 to include 

information about the potential risk of hip, spinal, or radial fractures. A survey study was done on a million human cases, which found that PPIs, but not histamine-

2 receptor antagonist (H2 blocker) are related to fractures of the spine and hip (Kwok et al. 2011). Bone fracture with PPIs is associated with an increase in the 

duration of the drug use (Corley et al. 2010) or with an increase in its dose (Yu et al. 2011). However, a recent study found a relation between hip fracture with 

both high- and low-dose PPI intake (Ngamruengphong et al. 2011). 

 The mechanism by which PPIs increase fracture risk is not known. Initially, it was suggested that, PPIs decrease the intestinal absorption of calcium through 

suppressing acid secretion, leading to increases in bone resorption and osteoporosis (Recker, 1985). Later on, it was reported that drugs-induced osteoporosis lead 

to decreases in bone mineral density (BMD) and increases in fractures. Later on, it was found that no clear association between PPI use and BMD, suggesting that 

other properties of bone metabolism or bone strength are altered with PPI exposure (Targownik et al. 2010; Gray et al. 2010). 

Abstract 
 

Background: Nowadays, many people are suffering from gastric ulcers and gastro esophageal diseases. Omperazole; which is one of 

the commonly used proton pump inhibitors (PPIs) is the best-established and therefore most-studied drug in this class. It is the most 

effective helpful drug in treatment of ulcer-like symptoms and bleeding of stomach. Many cases of bone fracture are reported in 

concomitant with the use of PPIs drugs. Aim of the work: Studying the effects of omperazole; as one of the commonly used PPIs, on 

the femur of adult albino rat histologically using light and electron microscope and radiologically by plain X-rays.  Materials and 

methods: Fourteen adult male albino rats divided equally into control and experimental groups were used. Each rat in the 

experimental group was daily injected subcutaneously with omperazole at a dose of 20 mg/kg (4 mg/mL in physiological saline) for 

28 days. The femur was dissected and the bone specimens were prepared for light, electron microscopic study and X-ray 

examination.  Results: Microscopic sections revealed thinning out of the outer compact bone with erosion cavities leading to fracture 

in some specimens. The periosteum were thinned specially the outer fibrous layer. The inner spongy bone trabeculae were also 

thinned out, destroyed and separated by wide bone marrow spaces. Both osteoblasts and osteocytes showed marked degenerative 

changes and were surrounded by few irregular collagenous matrix while the osteoclasts were raised in number and appeared more 

active and dynamic. Conclusion: the bone fracture after use of omperazole might be considered as a result of increased osteoclastic 

activity and degenerative changes in both osteoblasts and osteocytes. 
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 Although many clinical records suggest that PPIS affect the skeletal system and stimulate bone fracture, there is no enough experimental studies on the effect 

of PPIS on the cellular activity of bone. So, the aim of this study was to evaluate the effects of omeprazole; one of the commonest anti dyspepsia PPIs drugs; on 

the femur of the adult male albino rats in trial to know the pathogenesis of the drug. 

 

 
 

Diagram 1: Bacteria that may be affected by PPIs by anatomical area; small arrows indicated directionally of changes with PPIs (after Daniel et al., 2014).  

 

MATERIALS AND METHODS 

 

 Fourteen adult male albino rats weighing 180-200 gm each, were used in this study. All animals were kept in healthy stainless steel cages under the same 

environmental conditions and fed similar diets. After one week adaptation, the rats were divided equally into two groups; control and experimental. Each rat in the 

control group was injected subcutaneously with physiological saline as the same dose and period of the experimental group. Each rat in experimental group was 

daily injected subcutaneously with omeprazole dissolved in 0.9% NaCl in a dose of 20 mg/kg body weight (omperazole is a product of Hikma pharmaceuticals 

S.A.E, 6th October city Egypt under trade name Pepzole) Satoshi Takasugi (2016).  

 After four weeks, the animals were sedated with diethyl ether, perfused by glutraldehyde and the femurs were removed, dissected free of soft tissue, washed 

with saline and immersed in 4% paraformaldehyde in 0.1 M cacodylate buffer (pH 7.4) as a fixative. The femur bone X-ray was rapidly taken in Radiological 

Department, faculty of dentistry, Alexandria University, then, left in the fixative for one day at 4ºC. All the specimens were then decalcified in daily exchange of 

EDTA (ethylene-diamine tetra-acetic acid) for 14 days. 

 Some specimens were processed for preparation of paraffin sections and stained with haematoxylin & eosin (H&E) for routine histological study Bancroft 

(2008). 

 For electron microscope study, the samples of the decalcified femurs were immediately fixed in 5% phosphate buffered gluteraldehyde (pH7.3) for two hours 

at 4ºC and postfixed in 1% osmium tetraoxid for 1-2 hours. Then, they were dehydrated and embedded in epoxy resin. Semithin sections were cut and stained with 

toluidine blue and examined by light microscope to choose the selected areas. Ultrathin sections were cut with LKB ultramicrotome and contrasted with uranyl 

acetate and lead citrate for examination with transmission electron microscope (Bozzola JJ and Russell LD. 1999) in the EM unit, Faculty of Medicine, Tanta 

University. 

 

Morphometric and statistical studies: 

 The thickness of periosteum, cortical bone and trabecular bone were measured in haematoxylin and eosin-stained sections at a magnification of 100 using the 

image analyzer (Leica Qwin 500 MC) in Histology Department, Faculty of Medicine, Cairo University. In each section five measurements were obtained from five 

randomly chosen fields and the mean values as well as standard deviations were calculated automatically by the image analyzer. Trabecular thickness was defined 

as thickness of the trabecular bone between two points away from the branching of the trabeculae. In addition, the number of multimucleated osteoclasts /hpf was 

also counted under x200 magnification. Statistical analysis was performed using student’s t-test was used to compare the means of experimental group with the 

control one by Minitab Software. As regards the probability, the least significant level used was at p < 0.05, highly significant at p< 0.001.  

 

Results: 

Radiological findings:  

 Plain x-ray to the bony femur of control rats revealed obvious normal bone cortex. It was of steady thickness, straightforward and constant with no areas of 

destruction or spread-out. The medullary bone was of normal thickness with no noticed areas of lysis or sclerosis. However, rats from the experimental group 

showed the picture of osteoporosis in the form of diffuse decrease in cortical thinning associated with cortical destructive cavities and medullary lucency 

indicating medullary bone trabeculae destruction at the upper end of the shaft of the femur. There was also cortical spread out with undeviating sclerotic areas at 

the lower end of the femur (figs. 1, 2). 

Light microscopic results:  

 H&E sections at the upper end of the femur of control rats showed that the outer surface of the femur was covered by the periosteum which made of outer 

fibrous layer consisted of randomly arranged collagen fibers with fibroblasts and inner cellular layer formed of spindle-shaped osteoprogenic cells. Under the 

periosteum, the bone was formed of an external shell of compact bone and internal trabeculae of cancellous bone. The compact bone was formed of bone cells 

(osteocytes) between acidophilic collagen fibers and intercellular calcified matrix. Many osteons were present in its matrix that contained Haversian canals in their 

centers. The cancellous bone was composed of irregular and anastomosing bony trabeculae containing osteocytes in their lacunae and intervening cavities filled by 

bone marrow that formed of haemopoeitic tissue (fig. 3). Regarding the cells of bone, the osteocytes surrounded with their lacunae were present in the bone matrix 

between bone lamellae while other cells are present on the surface; spindle-shaped osteoprogenitor cells, cuboidal to columnar basophilic osteoblasts with rounded 

eccentric nucleus and acidophlic osteoclasts with multiple nuclei (fig. 4). 

 Examination of sections in the femur of “omeprazole sodium” received rats showed marked thinning and separation of the periosteum in many areas. The 

outer compact bone revealed many notches, grooves, resorptive cavities and bone fracture in their surfaces filled with bone marrow (figs. 5, 6). Other areas showed 

more destruction and bone fracture as well as irregular architecture. The inner cancellous bone trabeculae missed their normal architecture and showed thin widely 

separated trabeculae with loss of connectivity between them and widening of bone marrow spaces. Their bone matrix revealed many irregular basophilic areas in 

the highly acidophilic bone matrix in both compact and cancellous bone (fig. 7). Some specimens showed marked thickening of the periosteum especially the 

fibrous layer, with underlying destructive bone that showing irregular architecture. Bone cells of the compact bone seemed shrunken or worsened; osteoblasts 

appeared few in number and were hardly seen, while many multinucleated osteoclasts were seen lining the irregular eroded bone surfaces (fig.8). 
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Fig. 1: A photograph of plain x-ray of the femur of control rat showing the external bone cortex with straight-forward consistent thickness and no destructive 

cavities or spreading out ( ). The medulla also showed the normal bone thickness with no obvious areas of destruction or sclerosis. 
 

 
 

Fig. 2: A photograph of plain x-ray of the femur of a rat from the experimental group showing marked cortical thinning (arrow) within destructive cavity on the 

lateral aspect of the upper end of the shaft and bone destruction at the upper end is exaggerated (star). Spotted medullary destruction (medullary lucency) 

at the upper end of the shaft of the femur is also seen. Notice cortical spreading out with linear sclerosis (double arrow) at the distal end of the femur. 

 

 
 

Fig. 3: A photomicrograph of a section at the upper end of the shaft of the femur of a control rat showing the external compact bone (C) and inner branching and 

anastomosing trabecular bone (T) enclosing the bone marrow spaces (Bm). The covering periosteum is formed of an outer fibrous (F) and inner osteogenic 

layer (O). Notice Haversian canal in the compact bone H&E; X 400. 

 

 
 

Fig. 4: A photomicrograph of a section at the upper end of the shaft of the femur of a control rat showing bone surface lined by osteoprogenitor cells with 

elongated nuclei (Og), osteoblasts (Ob) with eccentric rounded nuclei and multinucleated acidophilic osteoclasts (Oc). Notice osteocytes (Os) in their 

lacunae and the Haversian canals (H) within the lamellae (arrow) of the compact bone. H&E; X 1000. 
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Fig. 5: A photomicrograph of a section at the upper end of the shaft of the femur of a “omeprazole” received rat showing thin, irregular outer compact bone (C) 

with many grooves and erosion cavities (E),invested with bone marrow (Bm)and separated thin periosteum (p).H&E; X 400. 

 

 
 

Fig. 6: A photomicrograph of a section at the upper end of the shaft of the femur of a “omeprazole” received rat showing marked erosion of the bone cortex 

leading to its fracture (F) and invasion of bone marrow (Bm).H&E; X 400. 

 

 
Fig. 7: A photomicrograph of a section at the upper end of the shaft of the femur of a “omeprazole” received rat showing thin widely separated disconnected 

trabeculae (T) with wide bone marrow (Bm). Irregular basophilic areas (*) inside acidophilic bone matrix are seen. Notice many erosive cavities (E) in 

compact bone and partially separated periostium (P). H&E; X 200 

 

 
 

Fig. 8: A photomicrograph of a section at the upper end of the shaft of the femur of a “omeprazole” received rat showing acidophilic osteoclasts (Oc) inside 

eroded cavities and osteocytes (Os) with deep pyknotic nuclei. Notice marked thickness of the periostieum (P) (H&E; X 1000). 
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Electron microscopic results: 

 Examination of the ultrathin sections in the femur of control rats revealed the bone cells and matrix. The osteoblasts were present on the surface side by side 

as epithelium and surrounded by little amount of collagen fibrils (fig.9), each cell showed many ribosomes, rER, mitochondria and euochromatic nuclei with 

apparent nucleoli. The collagen fibrils around the cells were either pale lucent (unmineralized matrix or probone) or dark mineralized matrix (fig.10).The osteocyte 

had many cytoplasmic processes and an oval nucleus and being less active than the osteoblasts, they had scanty cytoplasm with less cytoplasmic organelles. They 

were surrounded closely, with no space, by many collagen fibers arranged in different lamellae. The fibers in each lamella were parallel to each other while they 

intersect at right angles with the adjacent lamellae (fig.11).The osteoclast had irregular boundaries and contained many nuclei and many vacuoles as well as 

vesicles. They were surrounded with electron dense matrix (fig. 12). 

 In the experimental rats, the ultrastructure of the proximal end of the femur revealed pathological changes in the bone cells; osteoblast and osteocyte, and the 

matrix. Most of osteoblasts were degenerated and showed markedly dilated rER and swollen mitochondria loss of their internal cristae in addition to more 

condensed chromatin in their nuclei. The matrix around them contained few irregular collagen fibrils (fig. 13).Other osteoblasts were highly degenerated and 

showed irregular nuclei with more condensed chromatin with widening of their perinuclear spaces. Their cytoplasm was vacuolated and showed markedly dilated 

rER and swollen mitochondria with loss of their internal cristae (fig.14).The osteocytes were degenerated and shrunken and lost their cytoplasmic processes and 

showed dilated rER and swollen mitochondria with loss of their internal cristae. Their nuclei were irregular with more condensed peripheral chromatin (fig.15). In 

other areas the osteocyte showed more irregular nuclei with condensed chromatin and widening of their perinuclear spaces in addition to swollen mitochondria 

with loss of their internal cristae. The surrounding collagen fibrils were few and irregular (fig.16). Regarding the osteoclasts, they were highly vacuolated, 

activated and revealed many membrane bounded vesicles of variable sizes. The matrix surrounding them contained few pale and dark collagen fibrils (fig. 17). 

 

 
 

Fig. 9: An electron micrograph of a section in a decalcified bone at the proximal end of the shaft of the femur of a control rat showing osteoblasts side by side, 

having active nuclei (N) with euochromatin and prominent nucleoli (Nu) and surrounded with both pale and dark collagen fibrils (Cg). (X3000). 

 

 
 

Fig. 10: Higher magnification of the previous figure showing an osteoblast containing rER, ribosomes (r), mitochondria (M) and an euochromatic nucleus (N). 

Notice the collagenous fibrils (Cg) around the osteoblast. (X 5000). 
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Fig. 11: An electron micrograph of a section in a decalcified bone at the proximal end of the shaft of the femur of a control rat showing an osteocyte with oval 

nucleus (N), few rER and cytoplasmic processes (→). Notice the surrounding abundant collagenous fibrils (Cg) in different lamellae. (X 5000). 

 

 
 

Fig. 12: An electron micrograph of a section in a decalcified bone at the proximal end of the shaft of the femur of a control rat showing an osteoclast with irregular 

boundaries and many nuclei (N). Its cytoplasm contains many vacuoles (V)and surrounded by many dense collagenous fibers (Cg). (X 3000). 

 

 
 

Fig. 13: An electron micrograph of a section in a decalcified bone at the proximal end of the shaft of the femur of an “omeprazole” received rat showing an 

osteoblast with dilated rER, swollen mitochondria (M) and nucleus with more condensed chromatin (N).Notice the few surrounding collagenous fibrils 

(Cg). (X 5000). 
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Fig. 14: An electron micrograph of a section in a decalcified bone at the proximal end of the shaft of the femur of an “omeprazole” received rat showing an 

osteoblast with irregular nucleus (N) with condensed chromatin and dilated perinuclear space (). The cytoplasm showed dilated rER and swollen 
mitochondria (M) and many vacuoles (v). Notice the few surrounding collagenous fibrils (Cg).    (X 5000). 

 

 
Fig. 15: An electron micrograph of a section in a decalcified bone at the proximal end of the shaft of the femur of an “omeprazole” received rat showing a 

shrunken osteocyte with no cytoplasmic processes and separated from the surrounding collagen by wide space (*). It revealed an oval nucleus (N) with 

condensed chromatin and vacuolated cytoplasm (v). Notice the surrounding collagen fibrils (Cg) (X 2000). 

 

 
 

Fig. 16: An electron micrograph of a section in a decalcified bone at the proximal end of the shaft of the femur of an “omeprazole” received rat showing an 

osteocyte having an oval irregular nucleus (N) with more condensed chromatin and dilated perinuclear space (), and swollen mitochondria with loss of 
their cristae (M). notice the scanty surrounding collagen fibrils (Cg) around it (X 5000). 
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Fig. 17: An electron micrograph of a section in a decalcified bone at the proximal end of the shaft of the femur of an “omeprazole” received rat showing an active 

osteoclast with many nuclei (N) and many membrane bound-vacuoles and vesicles (V).Notice the surrounding matrix with pale and dark collagenous 

fibrils (Cg). (X 3000). 

 

Morphometric and statistical results: 

  Statistical analysis showed a significant decrease (P< 0.05) in the means thickness of the periosteum (table 1) and in the means thickness of compact bone 

(table 2) as well as trabecular bone thickness (table 3) in omeprazole sodium received group as compared with control one. On the other hand, there was a 

significant increase in the number of osteoclasts in experimental group in comparison to the control group (table 4).  

 

Table 1: Showing the mean thickness of periosteum in different groups: 

Significance P. value t. value Mean (µM) ± S.D. Group 

   12.562 ± 0.804 

 

Control 

Significant. < 0.05 15.43 8.121 ± 0.986 

 

Experimental 

 

 Table 2: Showing the mean outer cortical bone thickness in different groups: 

Significance P. value t. value Mean (µM)  ± S.D. Group 

   891.3 ± 45.9 

 

Control 

Highly Significant < 0.001 44.84 300.4 ± 14.2 

 

Experimental 

 

Table 3: Showing the mean bone trabecular thickness in different groups: 

Significance P. value t. value Mean (µM)  ± S.D. Group 

   173.84 ± 10.34 

 

Control 

Highly Significant < 0.001 26.66 43.74 ± 11.95 

 

Experimental 

 

Table 4: Showing the number of osteoclasts/hpf in different groups: 

Significance P. value t. value Mean  ± S.D. Group 

   0.06 ± 0.54 

 

Control 

Significant < 0.05 3.516 1.5 ± 0.54 

 

Experimental 

 

Discussion: 

 The dangerous bone destruction, fracture and decrease in bone mineral density are common outcomes in proton pump inhibitors (PPIs) treated patients but 

the precise mechanism is not known (Laura et al., 2008 & Keshav et al., 2014). Omeprazole and other PPIs have been widely taken for more than 20 years for 

inhibition and treatment of the acid-related diseases such as gastroduodenal ulcers and reflux esophagitis, although the molecular bases of the their effects is vague. 

In spite of their value, prolonged duration of use or its high dose have been alarmed to incite a lot of adverse effects other than osteoporosis, like increased 

pneumonia, Clostridium difficile-associated disease, fragility-related fractures, tumors, iron deficiency and acute interstitial nephritis (Chen et al., 2012 & 

Moayyedi , Leontiadis 2012) 

 In the present work, plain x-ray to the femur exhibited an apparent change in the thickness of cortex and medulla between control and omeprazole treated 

group. The omeprazole treated animals showed diffuse cortical thinning and diminishing, destructions and sclerotic areas representing the picture of osteoporosis 

with bone necrosis. There was also medullary lucency representing medullary bone trabeculae damage. Morphological and statistical results of the femur 

confirmed the image of x-ray as there is a significant decrease in the means thickness of compact bone as well as trabecular bone thickness of spongy bone in 

omeprazole received group comparing with control one. Agreeing with x-ray image also, in H&E sections the external shell of compact bone looked thin and 

infiltrated by the periostum in many areas with many notches, indentations, resorptive cavities and bone damage in their surfaces filled with bone marrow. The 

trabeculae of inner spongy bone were also thinned out and transected with damage of their connectivity. Correspondingly, the bone sections of omeprazole 

received group revealed marked and significant thinning of the periosteum with its separation while some specimens exhibited thickening of its outer collagenous 

layer, indicating decreased its activity with no new bone formation (Burkitt et al.,  1993). These results may be explained by Liu et al., 2001 who found that there is 

maturational blockage of osteoblasts and osteopenia in mice overexpressing Runx2 and this PPIs-mediated high degree of breakability fractures is likely to be 

because of the continual activation of Runx2 and moderately to improvement of osteoclast maturation. Subsequently, Kenichi Mishima et al., 2015 demonstrated 

that PPIs could prompt osteopenia and delicacy at the metaphyses of undamaged long bones by change of the trabecular structures to an osteomalacia-like state 

and augmented bone resorption of the trabeculae.  

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4703748/#bb0150
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 The bone affection also was found at the cellular level by light and electron microscopes in omeprazole treated animals. Osteoclast exhibited an increase in 

their number and activity with successive bone erosions and actual loss. Coinciding with these results, recent clinical researches examined bone structures in 

(PPIs) users and got that they were related with a lower bone density, increased rate of bone harm and an increase in bone fragility and rate of fracture (Lee  et al., 

2013). Moreover, many researches have proposed raised femoral neck fissure danger in patients using PPIs (Gray et al., 2010 & Ngamruengphong et al., 2011). 

Numerous typical asymmetrical basophilic lines and basophilic areas irregular with acidophilic areas were realized in the present study in the omeprazole received 

group. These unequal lines and asymmetrical basophilic areas were due to the high rate of bone resorption over that of bone formation (Kwok et al., 2011).  

 The bone ultrastructure of rats in the omeprazole group indicated many pathological degenerative changes in the osteoblasts and osteocytes in the form of 

wide rER, swollen disturbed mitochondria and irregular nuclei with more condensation of their chromatin and wide perinuclear spaces. The one matrix seems to be 

extremely affected as its fibrils were little and sporadically organized. Alternatively, the osteoclasts became more dynamic, their cytoplasm contained many 

membrane-bound vesicles of numerous sizes that signify many lysosomes or ruffled border cut in many planes. The matrix surrounding the osteoclasts showed 

electron opacity which might be due to its demineralization and resorption. Therefore, the osteoclasts were highly active while osteoblasts and osteocytes were 

deteriorated; thus the bone resorption was more than bone formation with an inexact bone remolding. This suggestion is in parallel with the previous explanation 

of Nair et al., 1996; who clarified that normally and in healthy circumstances, remodeling is stable and bone mass is maintained and kept, with the new formation of 

bone corresponding the quantity that was initially destructed. The repeated cycles of resorption and reconstruction is done by the equated action of osteoclasts and 

osteoblasts. Any intervention with these combined cellular structures results in disturbance of remodeling with the subsequent impairment of bone matrix.  

 Coinciding with results of the present study, Vestergaard et al., 2006 b found that in human, the administration of omeprazole has been shown to alter the 

biochemical markers of bone turnover leading to bone health defects, in the form of increased rate of bone loss, bone fragility and rate of fracture. Luckily, 

breakage and fissures risks are decreased when the drug is stopped using. On the other hand, other studies have not shown noteworthy effects for PPIs on bone 

(Targownik et al., 2010). Anyway, the results of studies that have estimated the relationship between PPIs intake and fracture were somewhat contradictory 

indicating that PPIs could have negative or positive osteogenic effects (Corley et al., 2010). However, the Food and Drug Administration (FDA) proclaimed a 

safety aware concerning the conceivable link between the danger of fractures and the use of PPIs in aged individuals (Ngamruengphong et al., 2011) although the 

meticulous mechanisms remain debated. 

 Many mechanisms have been proposed for the toxic actions of PPIs, but however the exact mechanism is not known and no single mechanism emerges to 

explain these effects. Formerly, lower absorption of insoluble calcium such as calcium carbonate in the course of strong acid inhibition has been described (Wood, 

Serfaty-Lacrosniere 1992). So, the toxicity may be due to reduced absorption of insoluble calcium owing to the high gastric pH detected in aged women using PPIs 

(O'Connell et al., 2005). Along with this observation, mice deficient for Cckbr encoding a gastrin receptor that increases gastric acid secretion have modest  

decrease in Calcium level (Schinke et al., 2009), and mice lacking for gastric H+–K+ ATPase beta-subunit also show low bone mineral density (Fossmark et al., 

2012). Such lower concentration, if due to PPI intake, may lead to calcium lack, leading to osteoporosis and increased hazard of bone fracture. Later on, Hansen et 

al., 2010, opposing this view and their results did not go with the theory that PPI administration decreases calcium absorption. Afterward, Joachim et al., 2016, 

explained that there are difficult mechanisms control calcium levels. The calcium is mainly absorbed in the higher part of small intestine by dynamic transcellular 

transport and also by inactive paracellular absorption. They added that the low calcium from food and low vitamin D absorption due to a decrease gastric acid can 

raise the hazard of osteoporosis.  

 Different studies have studied the effect of PPIs on bone metabolism and it was found that PPIs might directly change bone metabolism affected by osteoclast 

action rather than lower calcium intestinal uptake (Yunju et al., 2015). Other conflicting mechanism is regarding to effect of PPI intake on bone mineral density; 

some studies have discovered no difference in BMD scores and its drop rates between PPI and non-PPI users (Yu et al., 2008 & Targownik et al., 2010), whereas 

other researches have recognized a minimal lowering in BMD levels accompanying with PPI use (Gray et al., 2010). Additional mechanism linking PPI intake 

with breakage danger is straight action of PPI treatment. Osteoclasts, that responsible for bone resorption, are recognized to contain proton pumps which have been 

shown to be repressed by PPI therapy. This results in decreased bone turnover, presumably by interfering with acidification at resorption lacunae (Mizunashi et al., 

1993 & Sheraly et al., 2009). Although the importance of this interaction in not fully determined, this decrease in osteoclast role would be probable to lead to 

decreased bone resorption, the contrary that we would suppose in states of increased fracture risk.  

 Regarding the duration of treatment with PPIS, a study on the effect of short duration (2-week) intake of omeprazole, none of the levels among calcium 

excretion through urine, osteocalcin, collagen type 1 cross-linked C-telopeptide, or serum total alkaline phosphatase activity were changed in any age or gender 

group (Kocsis  et al., 2001). Another modern study by Joo et al (2013) pointed to the estimating the effect of prolonged duration of PPI treatment on bone turnover 

investigated the signaling passageway in osteoclast variation and bone resorption/formation markers. They found a decrease in the osteocalcin levels and 

augmentation in the levels of serum C-terminal cross-linked telopeptides of type I collagen in the group with a decrease-calcium meal and PPI intake. So a low-

calcium meal and PPI intake are thought to work together to change osteoclast activity and bone resorption signaling. Controversy, another study concerning with 

the PPIs and its effect on biochemical markers of calcium and bone metabolism, a PPI intake for 12 weeks presented no quantifiable effect on iPTH, ionized 

calcium, vitamin D, osteocalcin, or serum C-terminal cross-linked telopeptides of type I collagen in  young males (aged 18 to 50 years) (Sharara et al., 2013).  

 Further study is necessary to better demarcate the physiologic mechanisms through which PPI use may endorse the development of decreased bone structure 

and subsequent fracture (Fraser et al., 2013).  

 In conclusion, the omeprazole may cause bone damage due to a decrease in bone formation and high bone resorption.  It is recommended to do bone 

screening during and after (PPIs) therapy and must be used in caution in patients with increasing risk for osteoprosis.  
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