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			Abstract | Osteoporosis is a metabolic bone disease characterized by alterations in bone microarchitecture and mineral composition, and it is commonly managed by addressing the underlying causes of calcium deficiency. The present study was designed to investigate the role of alcoholic extract of Salvia officinalis (sage) extract in mitigating the detrimental effects of osteoporosis induced by ovariectomy and retinoic acid on bone-related biochemical markers in adult female rats. A total of forty adult female rats were randomly allocated into four equal experimental groups. One group served as the negative control group (-ve) untreated to laparotomy without removing ovaries, while the remaining thirty animals underwent bilateral ovariectomy (OVX) to establish an experimental model of osteoporosis. Among the ovariectomized groups, one group of ovariectomized (OVX) rats served as the positive control, the second group received retinoic acid (OVX+RA) for thirty days to exacerbate bone loss, and the third group was treated with retinoic acid for thirty days followed by administration of crude sage extract for forty days. At the end of the experimental period, serum samples were collected to assess osteocalcin and osteopontin, while femoral bone specimens were obtained to evaluate energy-dispersive X-ray analysis (EDX) and scanning electron microscopy (SEM). The findings demonstrated significant alterations in serum bone-related biomarkers, osteocalcin and osteopontin, in the OVX group, along with pronounced deterioration of trabecular bone architecture. Administration of retinoic acid to ovariectomized rats (OVX+RA) show of severe impairment of hydroxyapatite stability, reduced mineral deposition. In contrast, treatment with crude Salvia officinalis extract markedly improved bone microarchitecture and mineral integrity in ovariectomized rats exposed to retinoic acid as evidenced by partial restoration of trabecular thickness, reduced porosity, enhanced collagen fiber density, and improved trabecular surface smoothness. These ultrastructural improvements were closely associated with normalization of osteocalcin and osteopontin levels and enhanced mineral composition, indicating improved hydroxyapatite deposition and stabilization. In conclusion, the present study indicates that crude sage extract has protective and restorative effects against osteoporosis , suggesting that sage extract may represent a promising natural therapeutic approach for the prevention or adjunctive treatment of osteoporosis.
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			Introduction 

			Osteoporosis, a systemic metabolic bone disorder characterized by decreased bone mineral density (BMD) and microarchitectural deterioration of bone tissue, poses a significant and increasing global health burden, with projections indicating a rise in related fractures as populations age (Hameed and Radhi, 2023). This condition leads to increased bone fragility, resulting in substantial morbidity, mortality, and healthcare costs for humans and animal (Tarantino et al ., 2022: Castagna et al., 2026). Although pharmacological treatments, compounds, and biologic agents are available, their long-term use is often limited by high costs and potential adverse effects (Jameel et al., 2022: Kendler et al., 2023). This situation has generated considerable interest in exploring safe, effective, and accessible alternative therapies, with medicinal plants offering a promising source of bioactive compounds for preventive and adjunctive management. 

			Salvia officinalis (sage), a medicinal plant belonging to the Lamiaceae family, has been shown through phytochemical studies to be rich in phenolic acids (such as rosmarinic acid), flavonoids, diterpenes, and phytoestrogen-like compounds. Modern science has confirmed its strong antioxidant and anti-inflammatory properties, mainly due to its high content of phenolic compounds like rosmarinic acid (Alqahtani et al., 2025). These bioactive components are known to affect bone metabolism through various mechanisms, including the modulation of oxidative stress pathways, regulation of inflammatory cytokines, and activation of osteogenic signaling cascades (Pereira et al., 2024). It has also been traditionally used for multiple therapeutic purposes, such as hormonal regulation, inflammation control, and reducing oxidative stress (Khudiar and Hussain, 2017). In addition, sage has protective effects on bone mass (El-Habibi et al., 2023).

			Oxidative stress plays a crucial role in the development of osteoporosis, especially in models induced by ovariectomy and retinoic acid , where excessive reactive oxygen species (ROS) impair osteoblast differentiation and increase osteoclast activity (Tobeiha et al., 2022; Al-Okaily, 2024). Antioxidant-rich plant extracts, such as sage, others have been shown to restore redox balance by boosting total antioxidant capacity and reducing lipid peroxidation (LPO), thereby promoting bone formation and inhibiting bone resorption (Alabsawy and Algheta, 2025a: Jin et al., 2025; Subhi and Al-Okaily, 2024). Furthermore, the phytoestrogenic compounds in Salvia officinalis may partly offset estrogen deficiency, aiding in improving bone biomarkers and normalizing markers of bone remodeling (Al-Ajalein et al., 2024). However, a comprehensive mechanistic understanding of sage’s anti-osteoporotic effects remains lacking. A significant gap exists in directly linking the phytochemical profile of sage extracts with measurable, multi-level improvements in bone quality, including microstructural and elemental composition (Silva et al., 2022; Micheletti, 2023). Consequently, this study aims to investigate the anti-osteoporotic effects of Salvia officinalis using an integrated bioanalytical and bone examination approach.

			Materials and Methods

			Animal use statement 

			The experimental design adhered to the ethical guideline established by the institutional animal care abd use committee at the College of Veterinary Medicine, University of Baghdad, and received animal use protocol approval obtained (P.G. 551, date 10-3-2024) which complies with the international standards for the care and use of laboratory animals.

			Experimental design

			Forty adults female Wistar rats (10–12 weeks old) were been randomly divided into four equal experimental groups: Control negative: C- ve received dimethyl sulfoxide (DMSO), Control positive bilateral ovariectomized rats (OVX) and OVX+RA (Retinoic acid 75mg/kg B.W for 30 days, respectively) and the fourth group subjected to OVX+RA at the same dose ,and after that received sage extract for 40 days.

			Preparation of alcoholic extraction of Salvia official’s leaves

			The extract was prepared using 500 mL of 70% ethanol in a Soxhlet apparatus, according to the method described by Sultana et al. (2012). The extract was then administered orally for 40 days.

			Ovariectomy procedure

			Thirty female rats were bilaterally ovariectomized using general anesthesia (with ketamine 80mg/kg and xylazine 10 mg/kg), using aseptic surgical techniques, followed by a 7 days convalescence period allows the animal to recover (Burguera et al., 2001; Alghetaa et al., 2023).

			Blood collection

			At the end of the experimental periods (at 30 and 70 days), blood samples were drawn by cardiac puncture from anesthetized rats using intramuscular injections of Ketamine (100mg/kg B.W) and Xylazine (10mg/kg B.W) (Erhardt et al., 1984) Then, blood samples were kept in non-heparinized gel tubes, and serum was isolated as described by Veilleux-Lemieux et al. (2013), for further analysis of rat osteocalcin (OCN) using the ELISA Kit instruction (NSL1304r) and rat osteopontin (OPN) kit instruction (NSL1307r).

			Bone specimens’ collection

			Femur Bone specimens were prepared for SEM examination and energy dispersive X-ray to assess. Samples were cleaned, fixed in 2.5% glutaraldehyde (0.1 M phosphate buffer, 4°C, 24 h), rinsed with PBS, dehydrated through graded ethanol, and dried using a critical point dryer. Specimens were gold-coated and examined under SEM (e.g., JEOL JSM-6360) to evaluate surface morphology, trabecular structure, and porosity (Gourion-Arsiquaud et al., 2022; Zhang et al., 2024).

			Energy dispersive X-ray (EDX) 

			The image of SEM of femur bone of rats was used to conduct EDX analysis of (Ca, Mg, Si, Fe, N, C, P and Ca/P) (Tambuzzi et al., 2022).

			Statistical analysis

			 The descriptive statistics analysis was expressed as mean ± SE. Data subjected to analysis using SPSS (Version 22) Two-Way Analysis of variance (ANOVA) and the Least Significant Differences (LSD) tests were used to assess significant mean differences at P< 0.05.

			Results and Discussion

			The mean values of serum osteopontin concentrations in the four experimental groups are illustrated (Figure 1A). A significant (p<0.05) increase in serum osteopontin concentration in OVX rats after 70 days, and in the OVX+RA group after 30 and 70 days, compared to the control group, was observed. Whereas OVX rats received RA for 30 days and were administered sage extract for 40 days, revealed a significant (P<0.05) decrease in OPN value (85.74±1.01) compared to OVX and OVX+RA groups, with mean values of (103.21±1.33) and (129.13±0.91), respectively. After 40 days of treatment with sage extract, osteopontin level became significantly lower than in the control group, documenting the effectiveness of S. officinalis in overwhelming the adverse effects of osteoporosis.

			After 30 days and 70 days of the experiment, the results showed a significant decrease (P<0.05) in serum osteocalcin concentration in OVX and OVX+RA after 30days and 70 days compared with the control group, as shown in Figure 1B. Whereas rats administered Salvia officinalis extract after 40 days of OVX+RA (30 days) showed a significant (P<0.05) increase in serum OCN concentration compared with OVX and OVX+RA treatment groups. A non-significant difference in OCN concentrations between OVX+RA+sage extract and the control group was observed at the end of the experiment. The values were 7.77±0.35 and 7:28±0.21, respectively. Along with time, ovariectomized rats that received sage extract for 40 days showed a significant (P<0.05) increase in this parameter compared with 30 days of the experiment 

			Current results, showed that serum OPN, serum osteopontin (OPN) levels were significantly elevated in response to estrogen deficiency and retinoic acid–induced bone loss and then normalized by Salvia officinalis treatment.
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			Figure 1: A: Shows the serum osteopontin concentration of four experimental groups in adult female rats. Values expressed as mean±SE. n=10 female rats. Control (-ve): subjected to laparotomy without removal of ovaries. OVX (+ve control): subjected to bilateral ovariectomy only. OVX +RA: bilateral ovariectomy and then given retinoic acid (75 mg/kg) for 30 days. OVX+RA + Sage extract: bilateral ovariectomy with given retinoic acid (75 mg/kg) for 30 days, after that given Salvia officinalis crude extract for 40 days. B: Shows the serum OCN concentration of four experimental groups in adult female rats. Values expressed as mean±SE. n=10 female rats. Control (-ve): subjected to laparotomy without removal of ovaries. OVX (+ve control): subjected to bilateral ovariectomy only. OVX +RA: bilateral ovariectomy and then given retinoic acid (75 mg/kg) for 30 days. OVX +RA + Sage extract: bilateral ovariectomy with given retinoic acid (75 mg/kg) for 30 days, after that given Salvia officinalis crude extract for 40 days.

			These results were in line with Chang et al. (2010) and Morgan et al. (2021). The increase in OPN in the OVX and OVX+ retinoic acid groups likely reflect intensified bone catabolic remodeling and resorption. OPN is a matricellular protein that plays a crucial role in osteoclast adhesion and activation, thereby promoting bone resorption. Estrogen deficiency via ovariectomy has been shown to up-regulate OPN expression in osteocytes and bone-resorbing surfaces, which may be due to increased inflammatory cytokines and enhanced RANKL signaling in the absence of estrogen (Ahmed, 2017; Shamsulddin et al., 2020; Li et al., 2024). 

			The reduction of OPN following sage treatment suggests that Salvia officinalis extract may suppress osteoclast activation and modulate bone remodeling (Salevic et al., 2022; Alabsawy and AILghetaa, 2025b). The rich phytochemical profile of sage especially its flavonoids and phenolic compounds could downregulate signaling pathways of OPN expression (Salevic et al., 2022; Li et al., 2025). Besides, phytoestrogenic activity of its constituents likely restores some estrogen-like regulation over bone cells, reducing the overexpression of OPN. This aligns with previous reports (Turki et al., 2013; Kayalar et al., 2022; Perrone et al., 2025). Overall, current data support the idea that estrogen deficiency and retinoic acid promote bone resorption via up-regulation of OPN and down regulate OCL, while Salvia officinalis supplementation mitigates this effect by modulating the levels of bone biomarkers. Collectively, the OCN results corroborate our earlier biochemical and antioxidant findings estrogen deficiency and retinoic acid suppress osteoblast function and bone formation, whereas Salvia officinalis supplementation restores osteocalcin levels and promotes bone health through phytoestrogenic and antioxidant mechanisms. This supports the potential therapeutic use of sage in mitigating postmenopausal osteoporosis and oxidative bone deterioration. Significant change in serum OCN levels in ovariectomized rats and those that received retinoic acid compared to the control group, reflecting impaired osteoblastic activity and reduced bone formation due to estrogen deficiency. The administration of retinoic acid for 30 days further suppressed OCN levels, indicating a pronounced inhibition of bone matrix protein synthesis and accelerated bone resorption. Mechanistically, this reduction can be attributed to the combined effects of estrogen withdrawal and retinoic acid–induced oxidative stress, which impairs osteoblast differentiation, downregulates OCN gene expression, and enhances osteoclast-mediated bone turnover (Hamdi, 2013; Zhao and Feng, 2021; Li et al., 2022a).

			Conversely, treatment with Salvia officinalis for 40 days after retinoic acid exposure restored OCN levels, slightly higher than the control value. This increase highlights the osteogenic potential of the sage extract This result was agreement with (Kayalar et al., 2022; Al-Haideri et al., 2023). The mechanism likely involves the bioactive phytochemicals identified in our GC-MS analysis, particularly quercetin derivatives, 3-O-glycosides, and other phenolic compounds, which exhibit phytoestrogenic activity. These compounds can bind to estrogen receptors, stimulate osteoblast differentiation, and upregulate OCN expression, while simultaneously scavenging reactive oxygen species to protect osteoblasts from oxidative damage (Svydenko et al., 2022; Ghorbel -Koubaa et al., 2026). These findings align with recent studies (Safar, 2022; Ajaghaku et al., 2025). Current results confirm the dual osteogenic and antioxidant roles of these bioactive compounds (Khudiar et al., 2017; Li et al., 2023).

			Energy dispersive X-ray (EDX)

			Composition across EDX spectroscopy revealed distinct alterations in bone mineral stoichiometry and organic/mineral balance among the four experimental groups, providing insights into hydroxyapatite (HA) crystal integrity and matrix remodeling under estrogen deficiency and therapeutic interventions.

			Comparative mineral composition (at%) and (Wt%)

			The results of atomic element percentage demonstrate general decline in both the OVX and OVX+RA groups for calcium, phosphorus, calcium/phosphorus ratio, and nitrogen compared to the control group (Tables 1 and 2). Carbon content was an exception to this trend. In contrast, a marked improvement was observed in the OVX+RA+sage extract group, which was treated with sage extract. This group showed recovery in levels of calcium, phosphorus, calcium/phosphorus ratio, and nitrogen, alongside an increase in carbon content. The results of weight % element show a decrease in the OVX and OVX+RA groups for calcium, magnesium, and silicon compared to the control group, except for iron, which increases. Meanwhile, a noticeable improvement is observed in the OVX+RA+sage extract group. The group treated with sage extract for calcium, magnesium, silicon, and nitrogen, with a decrease in iron as shown in Tables 1, 2 and Figure 2A, B, C, D).

			Table 1: Atomic percentage of elements. 

			
				
					
					
					
					
					
				
				
					
							
							Groups/ Atomic % element

						
							
							Control

						
							
							OVX

						
							
							OVX+RA

						
							
							OVX +RA+ sage extract (40) days

						
					

					
							
							Ca

						
							
							9.7

						
							
							5.7

						
							
							1.9

						
							
							5.8

						
					

					
							
							P

						
							
							4.1

						
							
							2.1

						
							
							0.6

						
							
							2.8

						
					

					
							
							Ca/P

						
							
							2.37

						
							
							2.71

						
							
							3.17

						
							
							2.07

						
					

					
							
							N

						
							
							13.9

						
							
							12.6

						
							
							19.1

						
							
							8.7

						
					

					
							
							C

						
							
							25.9

						
							
							53.3

						
							
							49.3

						
							
							31.7

						
					

				
			

				

			Table 2: Weight percentage of elements.

			
				
					
					
					
					
					
				
				
					
							
							Groups/ weight % element

						
							
							Control

						
							
							OVX

						
							
							OVX+RA

						
							
							OVX+RA+ sage extract (40) days

						
					

					
							
							Ca

						
							
							26.6

						
							
							14.4

						
							
							5.1

						
							
							14.6

						
					

					
							
							Mg

						
							
							2.7

						
							
							1.2

						
							
							0.4

						
							
							1.2

						
					

					
							
							Si

						
							
							1.5

						
							
							1.1

						
							
							0.6

						
							
							0.0

						
					

					
							
							Fe

						
							
							0.4

						
							
							0.5

						
							
							0.6

						
							
							0.2

						
					

				
			

			Control (-ve negative): subjected to laparotomy without removal of ovaries. OVX (+ve control) : subjected to bilateral ovariectomy only. OVX +RA: bilateral ovariectomy and then given retinoic acid (75 mg/kg) for 30 days. OVX +RA + Sage extract:  bilateral ovariectomy with given retinoic acid (75 mg/kg) for 30 days, after that given Salvia officinalis crude extract for 40 days.  
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			Figure 2: EDX analysis of the femur bone in female rats. (A) Negative control; (B) Ovariectomized (+ve control); (C) Ovariectomized + retinoic acid (OVX + RA); and (D) Ovariectomized + retinoic acid + sage extract (OVX + RA + Sage).
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			Figure 3: A: Photography of Bone (control negative) show density of collagen fibers (yellow arrows) with small pores intermingled through it (red arrow) 2500X. B: Photography of bone (control negative group) show the strong, tightly packed frameworks (yellow arrows) and low porosity of the bone’s architecture (red arrows). 5000X.

			EDX analysis of femoral bone confirmed optimal mineralization in the control group, characterized by high Ca+P content and a Ca/P ratio within the physiological range of non-stoichiometric biological apatite. This composition reflects stable hydroxyapatite with ionic substitutions typical of healthy cortical bone (Li et al., 2022b; Su et al., 2024). Ovariectomy (OVX) markedly reduced total mineral content and increased carbon levels, indicating a collagen-rich but poorly mineralized matrix, a hallmark of estrogen-deficiency–induced osteopenia. The relatively preserved Ca/P ratio suggests that mineral loss was primarily quantitative rather than a major alteration in apatite chemistry (Ye et al., 2023; Zhao et al., 2025). All-trans retinoic acid (RA) severely exacerbated OVX-induced bone loss, producing the lowest Ca+P values and a pathological Ca/P ratio exceeding 3.0. This Ca-rich, phosphate-deficient pattern is consistent with RA-induced enhancement of RANKL-mediated osteoclastogenesis and accelerated mineral resorption (Elghareeb et al., 2022; Nguyen, 2022).

			Co-treatment with sage significantly restored mineralization, increasing Ca+P content and normalizing Ca/P stoichiometry toward physiological values. These findings align with evidence that Salvia/Rosmarinus officinalis polyphenols promote osteoblast differentiation while suppressing osteoclast formation in estrogen-deficient models (Zych et al., 2026). The concurrent reduction in carbon and nitrogen further suggests more complete hydroxyapatite deposition on the collagen matrix (Elkomy and Alsaid, 2015; Radulescu et al., 2023). Overall, from a crystal-chemistry perspective, the control and sage-treated groups-maintained Ca/P ratios characteristic of chemically stable, non-stoichiometric biological apatite, supporting the protective role of sage against RA-exacerbated OVX bone loss. 

			Scanning electron microscope (SEM) examination of femur bone specimens

			SEM analysis revealed marked microarchitectural differences among the experimental groups. The control group exhibited dense, continuous trabeculae with smooth surfaces and minimal porosity, indicating preserved collagen organization and optimal mineralization (Figure 3A, B) comparing to control. Ovariectomy caused pronounced trabecular thinning, fractures, enlarged pores, and loss of connectivity, consistent with estrogen-deficiency–induced osteoporosis (Figure 4A, B). These alterations were further aggravated by retinoic acid, which produced extensive trabecular perforation, widened marrow spaces, reduced collagen fibers, and severe cracking (Figure 5A, B). Meanwhile, sage extract treatment partially restored trabecular architecture, as evidenced by increased collagen density, reduced porosity, and improved trabecular thickness (Figure 6A, B).
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			Figure 4: A: Photography of bone (control positive group) reveal that the marrow spaces are noticeably enlarged, and the pores appear larger and more widely spaced than in the control negative group (red arrow). Occasionally surfaces with rough texture and a large number of resorption lacunae (yellow arrows). 2500X. B: Photography of bone (control positive group) show the osteocytes (yellow arrow) and the trabeculae appeared roughly and fractured (red arrows), and widely separated. 5000X.
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			Figure 5: A: Photographs of the bone (group 3) show that the large pores with visible cracked in trabeculae (red arrow) and thin with small amount of collagen fibers (yellow arrow) 2500X. B: Photographs of the bone (group 3) show There were many absorbent lacunae, expanded pores, and tiny cracks on the surface (yellow arrows). Trabeculae looked disorganized in a number of places (red arrows).5000X.
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			Figure 6: A: Photographs of the bone (group 4) show that the additionally, lesser decay pits, a reduced porosity, and less friction outermost portion of the bone (yellow arrows) 2500X. B: Photographs of the bone (group 4) show that the thicken of trabeculae and smoothly of surface near to control negative group (yellow arrow), and decrease in numbers and diameter of pores (red arrows).5000X.

			SEM analysis demonstrated that the control group possessed dense, continuous trabeculae with smooth surfaces, minimal porosity, and well-organized collagen fibers, reflecting mechanically stable bone in which collagen provides an optimal scaffold for uniform hydroxyapatite (HA) deposition and balanced bone remodeling (Chetehouna, 2019; Labuschagne, 2020). In contrast, the OVX group exhibited severe trabecular deterioration, associated with estrogen-deficiency–induced osteoporosis. Estrogen loss enhances osteoclast-mediated resorption and disrupts collagen–HA interactions, resulting in mineral dissolution, micro-crack formation, and reduced bone strength (Hsu et al., 2024; Mohanty et al., 2025; Palanisamy, 2025). The OVX + retinoic acid group showed the most severe damage, with extensive perforations, cracks, markedly thinned trabeculae, and reduced collagen fibers, reflecting RA-induced stimulation of osteoclastogenesis, inhibition of osteoblast function, impaired collagen synthesis, and defective HA crystal formation (Wang et al., 2019; Wei et al., 2026). Conversely, treatment with sage extract partially restored trabecular architecture. These effects are attributed to the antioxidant, anti-resorptive, and phytoestrogen-like properties of sage polyphenols, which enhance osteoblast activity, suppress osteoclasts, and promote stable HA integrity (Ibrahim and aheed, 2022; El-Fiqi et al., 2020; Miaoa et al., 2024).

			CONCLUSION

			Collectively, the study findings achieved by EDX and SEM scanning could conclude that the deleterious changes in the microarchitectures of bone due to excessive exposure to the retinoic acid in estrogen-lacked rats could be reversed by administration of sage extract. These findings contribute to a deeper understanding of the interaction between estrogen deficiency and natural antioxidants in bone remodeling and may serve as a foundation for future translational and clinical researches.
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Unveiling The Protective Effects of Sage Extract on Bone SEM, EDX
Analysis and Associated Biomarkers in Osteoporotic Rats

Hupa. A. Najy*, Baraa Najim AL-OKAILY

Department of Physiology, Biochemistry and Pharmacology, College of Veterinary Medicine, University of Baghdad,
Baghdad, Iraq.

Abstract | Osteoporosis is a metabolic bone disease characterized by alterations in bone microarchitecture and mineral
composition, and it is commonly managed by addressing the underlying causes of calcium deficiency. The present study
was designed to investigate the role of alcoholic extract of Salvia officinalis (sage) extract in mitigating the detrimental
effects of osteoporosis induced by ovariectomy and retinoic acid on bone-related biochemical markers in adult female
rats. A total of forty adult female rats were randomly allocated into four equal experimental groups. One group served as
the negative control group (-ve) untreated to laparotomy without removing ovaries, while the remaining thirty animals
underwent bilateral ovariectomy (OVX) to establish an experimental model of osteoporosis. Among the ovariectomized
groups, one group of ovariectormnized (OVX) rats served as the positive control, the second group received retinoic acid
(OVX+RA) for thirty days to exacerbate bone loss, and the third group was treated with retinoic acid for thirty days
followed by administration of crude sage extract for forty days. At the end of the experimental period, serum samples
were collected to assess osteocalcin and osteopontin, while femoral bone specimens were obtained to evaluate energy-
dispersive X-ray analysis (EDX) and scanning electron microscopy (SEM). The findings demonstrated significant
alterations in serum bone-related biomarkers, osteocalcin and osteopontin, in the OVX group, along with pronounced
deterioration of trabecular bone architecture. Administration of retinoic acid to ovariectomized rats (OVX+RA) show
of severe impairment of hydroxyapatite stability, reduced mineral deposition. In contrast, treatment with crude Safvia
officinalis extract markedly improved bone microarchitecture and mineral integrity in ovariectomized rats exposed
to retinoic acid as evidenced by partial restoration of trabecular thickness, reduced porosity, enhanced collagen fiber
density, and improved trabecular surface smoothness. These ultrastructural improvements were closely associated
with normalization of osteocalcin and osteopontin levels and enhanced mineral composition, indicating improved
hydroxyapatite deposition and stabilization. In conclusion, the present study indicates that crude sage extract has
protective and restorative effects against osteoporosis , suggesting that sage extract may represent a promising natural
therapeutic approach for the prevention or adjunctive treatment of osteoporosis.
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INTRODUCTION (BMD) and microarchitectural deterioration of bone
tissue, poses a significant and increasing global health

Osteoporosis, a systemic metabolic bone disorder burden, with projections indicating a rise in related
characterized by decreased bone mineral density fractures as populations age (Hameed and Radhi, 2023).
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