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Biochemical Markers of Bone Metabolism and Liver Function in Steroid-Induced Osteoporosis in Female Albino Rats Treated with Compound Marrow Powder and Alendronate


ABSTRACT
Osteoporosis is a significant public health concern, with over 200 million persons affected globally. In Africa, the burden of osteoporosis is rising due to increasing life expectancy and lifestyle changes. Osteoporosis in Nigeria remains underdiagnosed, yet hospital-based studies have constantly reported increasing prevalence rates among postmenopausal women due to hormonal changes, aging, and long-term corticosteroid use.
Aim: This study evaluated the biochemical markers of bone metabolism and liver function in dexamethasone-induced osteoporosis in female albino rats treated with compound marrow powder and alendronate.
Methodology: A total of thirty-five (35) female albino rats weighing between 180 to 200g were used for the study. The rats were weighed and grouped into 5 groups of 7 rats each, and osteoporosis was induced by intramuscular administration of dexamethasone (5 mg/kg). Treatments (drugs) were administered according to the groupings by means of oral gavage for 28 days (4 weeks). Osteocalcin and cathepsin K were quantitatively determined by a rat-specific sandwich-enzyme linked immunosorbent assay (ELISA) method. Alanine aminotransferase (ALT) and aspartate aminotransferase (AST) were determined using the Reitman-Frankel method. Alkaline phosphatase (ALP) was determined using the colorimetric endpoint method. Quantitative determination of the phytochemicals in the polyherbal drug was done using spectrophotometric methods.
Results: Phytochemical analysis revealed the presence of flavonoids, phenols, saponins, tannins, alkaloids, polyphenols and anthraquinones in the herbal drug. The positive control had significantly higher (P<0.05) levels of osteocalcin and cathepsin K, compared to the negative control. Osteocalcin levels were significantly higher (P<0.05) in the group 3 administered compound marrow powder, compared to the negative control, but not significantly different (P>0.05) from the positive control group. Cathepsin K levels were significantly higher (P<0.05) in group 3, compared to the negative and positive controls. In group 4, administered alendronate, osteocalcin and cathepsin K levels were not significantly different (P>0.05) from the negative control. In group 5, administered the combination, osteocalcin was not significantly different (P>0.05) from the negative control, whereas cathepsin K levels were significantly higher (P<0.05) than the negative control, and not significantly different (P>0.05) from the positive control. Alanine aminotransferase (ALT), aspartate aminotransferase levels (AST) and alkaline phosphatase (ALP) levels were significantly elevated (P<0.05) in the positive control group, compared to the negative control. The treatment groups also had significantly elevated (P<0.05) liver enzyme levels. Alendronate administration however, reduced AST levels to negative control levels.
Conclusion: Dexamethasone-induced osteoporosis is characterised by elevated osteocalcin and cathepsin K levels, indicating increased bone turnover and resorption. Treatment with alendronate significantly improved the bone parameters, indicating its effectiveness in mitigating glucocorticoid-induced bone loss. Treatment with compound marrow powder and its combination with alendronate was not effective, as it did not improve the bone parameters. Neither of the treatments were hepatoprotective, as specific liver enzyme levels remained elevated after treatments. These findings support the continued use of alendronate as a standard therapeutic agent for osteoporosis and highlight the need for further research on the safety and mechanisms of herbal formulations, and their combination with orthodox drugs.
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1. INTRODUCTION
Osteoporosis is a chronic metabolic bone disease characterized by decreased bone mass and microarchitectural deterioration, leading to enhanced bone fragility and susceptibility to fractures (Ivaska et al., 2010; Eastell et al., 2019). Over 200 million persons are affected globally, with approximately one in three women and one in five men over the age of 50 years experiencing osteoporotic fractures (Kanis et al., 2019). In Africa, the burden of osteoporosis is rising due to increasing life expectancy, urbanization, and lifestyle changes, with studies showing prevalence rates ranging from 18% to 65% among postmenopausal women (Atiase & Quarde, 2020; Paruk et al., 2021). In Nigeria, osteoporosis remains underdiagnosed, yet hospital-based studies have reported prevalence rates of 15–40% among postmenopausal women, highlighting it as a significant public health concern (Ibrahim et al., 2023; Ugwu & Ene, 2025). It is therefore considered a major health issue, particularly among women, due to hormonal changes, aging, and long-term corticosteroid use (Black & Rosen, 2016; Bjornsdottir et al., 2024).
Dexamethasone, a synthetic steroid (glucocorticoid) is commonly used to treat inflammatory and autoimmune conditions. However, its long-term use can lead to glucocorticoid-induced osteoporosis (GIOP). This happens because glucocorticoid reduces bone quality as well as decreases bone mineral density (BMD). This could be due to its actions on the activity of osteoblasts (bone-forming cells) and osteoclasts (bone-resorbing cells), which leads to bone loss and reduced bone strength (Kaji et al., 2006; Kaji, 2014). One of the most prescribed agents for the treatment and prevention of osteoporosis is alendronate, a bisphosphonate medication. Alendronate works by slowing down the breakdown of bone, helping to maintain bone density and reduce the risk of fractures (Khosla & Hofbauer, 2017). While alendronate is effective, reducing fracture risk at the spine, hip, and other nonvertebral skeletal sites, it can also cause side effects, especially with long-term use. These include gastrointestinal problems, joint pain, and in rare cases, jawbone damage and unusual fractures (McClung et al., 2013).
Due to these side effects, the cost and limited availability of orthodox drugs such as alendronate, some patients resort to the use of herbal remedies. Some also go ahead to take combination of the orthodox and herbal drugs seeking immediate relief. The use of herbal remedies in osteoporosis management is further supported by their accessibility, cultural acceptance, and the generally perceived favorable safety profile compared to long-term orthodox drug therapy (Elechi-Amadi et al., 2020; Ebifa et al., 2021). When properly prepared and administered, many herbal formulations are well tolerated and can complement standard pharmacological interventions (Ekor, 2014). Nonetheless, the lack of standardized dosages and the potential for herb-drug interactions raise concerns about their indiscriminate use. This underscores the importance of scientific studies that investigate the safety and efficacy of combining herbal therapies with orthodox agents like alendronate. This study evaluated the biochemical markers of bone metabolism and liver function in dexamethasone-induced osteoporosis in female albino rats treated with compound marrow powder and alendronate. 
2. MATERIALS AND METHODS
2.1 Experimental Animals
A total of thirty-five (35) female albino rats weighing between 180 to 200g were used for the study. The rats were housed in standard cages at regulated room temperatures, with controlled 12-hour light-dark cycles, and allowed access to feed and water ad libitum. The rats were allowed to acclimatize for two (2) weeks prior to the commencement of study.
2.2 Drugs
The drugs used for the study were Dexamethasone, Compound marrow powder, a polyherbal drug and Alendronate, an orthodox drug. Dexamethasone was used for the induction of osteoporosis. It is produced by Huazhong Pharmaceutical Co. Ltd., China, and marketed by Vixa Pharmaceutical Company Limited, Nigeria. Compound marrow powder is produced by Nanjing Baoshengyuan Food Co., Ltd., China. Alendronate is distributed by Restore Health 6120 N, 78th Avenue, Omaha, NE 68134, USA.
2.3 Acute Toxicity Study
[bookmark: _GoBack]This was done using the fixed dose procedure (OECD, 2001). 2000 mg/kg of the polyherbal drug compound marrow powder was orally administered to a group of 3 rats. The rats were observed for signs of toxicity for 48 hours. After observation for 48hours, there were no signs of toxicity, hence the polyherbal drug was deemed safe up to 2000 mg/kg dose. Alendronate is a standard drug for osteoporosis. The product is herbal and plant based

2.4 Dose Calculation
The administered rat dose was extrapolated from the human daily/weekly doses (Paget & Barnes, 1964) as shown below:
2.4.1 Compound Marrow Powder
Human dose is one sachet (15000 mg) per day
Rat dose (mg/kg) = Human daily dose x 0.018 x 5
Rat dose (mg/kg) = 15000 x 0.018 x 5 
= 1350 mg/kg/day. This was the dose administered for the study.
2.4.2 Alendronate
Human dose is 1 capsule (70 mg) per week
Rat dose (mg/kg) = Human weekly dose x 0.018 x 5
Rat dose (mg/kg) = 70 x 0.018 x 5
= 6.3 mg/kg/week. This was the dose administered for the study.
2.5 Induction of Osteoporosis and Experimental Design
The rats were weighed and grouped into 5 groups of 7 rats each. Osteoporosis was induced by intramuscular administration of Dexamethasone (5 mg/kg) (Thakur et al., 2016; Elsherbeny et al., 2024). The Administration of dexamethasone was done three (3) times, for a period of three (3) weeks. Following induction, treatments (drugs) were administered daily/weekly according to the groupings by means of oral gavage for 28 days (4 weeks).
Group 1: Negative Control
Group 2: Positive Control
Group 3: Induced and treated with Compound marrow powder
Group 4: Induced and treated with Alendronate
Group 5: Induced and treated with a combination of Compound marrow powder and Alendronate
On the 29th day, the rats were fasted for 6 hours, anaesthetized and later sacrificed. Blood samples were collected by means of cardiac puncture, into lithium heparin sample bottles. All the animal experiments were conducted according to the ethical norms approved by the Institutional Ethical Committee.

2.6 Reagents and Biochemical Analyses
All reagents were commercially purchased and the manufacturer’s standard operating procedures strictly followed. Quality control (QC) samples were also run during the biochemical analysis. Osteocalcin and Cathepsin K were quantitatively determined by a rat-specific sandwich-enzyme linked immunosorbent assay (ELISA) method (Engvall & Perlmann, 1972), as described by Elabscience Biotechnology Company limited, China. The liver enzymes alanine aminotransferase (ALT) and aspartate aminotransferase (AST) were determined using the Reitman-Frankel method (Reitman & Frankel, 1957), as modified by Randox laboratories limited (UK). Alkaline phosphatase (ALP) was determined using the colorimetric endpoint method (Klein et al., 1960) as modified by Randox laboratories limited (UK). Quantitative determination of the phytochemicals in the polyherbal drug was done using spectrophotometric methods (Ezeonu & Ejikeme, 2016).
2.7 Statistical Analysis
Data was analysed using Graph Pad Prism version 8.0.2. Differences between groups were compared using one way analysis of variance (ANOVA), followed by Tukey’s multiple comparison test. Results were considered statistically significant at 95% confidence interval (p≤0.05). Values are expressed as Mean ± SD.


3. RESULTS AND DISCUSSION
Table 1: Quantitative Phytochemical Analysis of the Polyherbal Drug (Compound Marrow Powder)
	Phytochemicals
	Concentration (mg/ml)

	Terpenoids
	nd

	Flavonoids
	6.5

	Phenols
	2.24

	Saponins
	9.71

	Tannins
	2.42

	Alkaloids
	4.25

	Polyphenols
	2.60

	Anthraquinones
	0.37

	Oxalates
	nd

	Glycosides
	2.36


nd- Not detected
Table 1 shows the result of phytochemical analysis of the polyherbal drug Compound marrow powder. It shows flavonoids, phenols, saponins, tannins, alkaloids, polyphenols and anthraquinones were present in the herbal drug at variable concentration, with saponins having the highest concentration, and anthraquinones the lowest. Terpenoids and oxalates were not detected. Phytochemicals/plant secondary metabolites possess the ability to modulate therapeutic targets and metabolic pathways. This is the basis for their use and application in human healthcare systems, as they bring about drug-like responses (Monjotin et al., 2022). This is consistent with previous studies (Briggs et al., 2019a; Briggs et al., 2019b), in which commercially sold herbal formulations were shown to possess active phytochemicals.
Table 2: Metabolic Bone Parameters of the Rats after Treatment
	Groups (n=7)
	Osteocalcin (Pg/ml)
	Cathepsin K (Pg/ml)

	Negative Control (Group 1)
	17.1 ± 2.95b
	0.77 ± 0.24b

	Positive Control (Group 2)
	31.30 ± 5.66a
	2.35 ± 0.35a

	Compound Marrow Powder (Group 3)
	27.75 ± 4.45a
	3.80 ± 0.30a b

	Alendronate (Group 4)
	20.60 ± 4.46b
	0.50 ± 0.04b

	Compound Marrow Powder + Alendronate (Group 5)
	19.98 ± 5.06b
	1.82 ± 0.23a

	P-value
	0.0008
	< 0.0001

	F-value
	6.691
	31.59    

	Summary
	S
	S


n= Number of rats, S- Significant, NS- Not significant, a – Significantly different from Negative control, b- Significantly different from Positive control
Table 2 shows the results of the metabolic bone parameters, osteocalcin and cathepsin K of the rats after treatment. The positive control had significantly higher (P<0.05) levels of osteocalcin and cathepsin K, compared to the negative control. Glucocorticoids such as dexamethasone are widely used to induce osteoporosis in rodents. Chronic administration suppresses osteoblast genesis, enhances osteoclast activity, and impairs calcium absorption (Weinstein, 2012). This model mimics secondary osteoporosis in patients on long-term steroid therapy. The mechanisms of dexamethasone-induced osteoporosis are multifactorial, involving direct effects on bone cells, disruption of calcium metabolism, hormonal alterations, and vascular changes (Weinstein, 2012; Briot & Roux, 2015). The net effect is the disruption of the balance between osteoblast-mediated bone formation and osteoclast-mediated bone resorption. Elevated cathepsin K levels indicate significant bone resorption, due to the action of osteoclasts in osteoporosis. Also, the elevated osteocalcin levels indicate increased osteoblast activity, a compensatory action for the increased bone loss. This is in agreement with the works of Alam et al. (2019), who reported elevated osteocalcin levels in osteoporosis, and Yang et al. (2025), who reported elevated cathepsin K in dexamethasone-induced osteoporotic rats.
Osteocalcin levels were significantly higher (P<0.05) in the group administered compound marrow powder (group 3), compared to the negative control, but not significantly different (P>0.05) from the positive control group. Cathepsin K levels were significantly higher (P<0.05) in group 3, compared to the negative and positive controls. This indicates that treatment with compound marrow powder was not effective, as it did not counteract the high bone turnover induced by dexamethasone, and may have enhanced bone resorption. Some herbal preparations exert complex effects on bone metabolism, sometimes stimulating both osteoblasts and osteoclasts. While some improved osteogenic markers, many also failed to adequately suppress osteoclastic activity, leading to incomplete protection against osteoporosis (Elkomy & Elsaid, 2015; Che et al., 2016; Wang et al., 2024).
In the group administered Alendronate (group 4), osteocalcin and cathepsin K levels were not significantly different (P>0.05) from the negative control, indicating effective suppression of bone turnover and resorption. In the combination group (group 5), osteocalcin was not significantly different (P>0.05) from the negative control, whereas cathepsin K levels were significantly higher (P<0.05) than the negative control, and not significantly different (P>0.05) from the positive control, indicating partial efficacy and drug-herb synergy; alendronate potentiating the effects of compound marrow powder. The actions of alendronate are consistent with its known pharmacological action as a bisphosphonate that inhibits osteoclast-mediated bone degradation and reflects its role in stabilizing bone turnover by decreasing excessive remodelling. The results are in consonance with the works of Tokmak et al. (2017), in which alendronate stabilized osteocalcin levels in ovariectomized osteoporotic rats. While the combination had some beneficial impact, it was not as effective as alendronate alone in restoring bone balance. Similar observations have been reported in studies where herbal formulations combined with conventional anti-osteoporotic drugs resulted in modest improvements but did not surpass the efficacy of bisphosphonates alone. Also, other herbal formulations showed efficacy in restoring bone health, though the mechanisms of actions remain unclear (Yang et al., 2023; Kwon et al., 2023; Wang et al., 2024; Cao et al., 2024).
Table 3: Liver Function Parameters of the Rats after Treatment.
	Groups (n=7)
	ALT (IU/L)
	AST (IU/L)
	ALP (IU/L)

	Negative Control (Group 1)
	51.44 ± 8.10b
	109.6 ± 15.96b
	267.3 ± 23.05b

	Positive Control (Group 2)
	87.58 ± 9.72a
	176.4 ± 12.72a
	381.0 ± 29.68a

	Compound Marrow Powder (Group 3)
	97.82 ± 7.38a
	216.1 ± 10.24a
	333.2 ± 13.64

	Alendronate (Group 4)
	80.41 ± 9.20a
	109.4 ± 12.54b
	325.9 ± 26.74

	Compound Marrow Powder + Alendronate (Group 5)
	92.34 ± 9.21a
	165.9 ± 18.71a
	360.5 ± 16.86a

	P-value
	< 0.0001
	< 0.0001
	0.0349

	F-value
	17.53
	13.20
	3.063

	Summary
	S
	S
	S


n= Number of rats, S- Significant, NS- Not significant, a – Significantly different from Negative control, b- Significantly different from Positive control
Table 3 shows the results of the liver enzymes: alanine aminotransferase (ALT), aspartate aminotransferase levels (AST) and alkaline phosphatase (ALP) of the rats after treatment. It showed all three liver enzymes were significantly elevated (P<0.05) in the positive control group, compared to the negative control. Also, the treatment groups had significantly elevated (P<0.05) enzyme levels. Alendronate administration however, reduced AST levels to negative control levels. Determination of liver enzyme levels is critical in therapeutic interventions, as it is an essential indicator of hepatocellular integrity and metabolic activity. The results indicate induction of osteoporosis with dexamethasone impacted the liver, elevating plasma levels of these liver enzymes. This may be due to increased insulin resistance or steatosis, as dexamethasone has been implicated in liver enlargement (hepatomegaly) in clinical practice and the development of steatosis and fatty liver in animal models (Du et al., 2015; Jiao et al., 2020). Also, the treatments did not confer hepatoprotective effects, when administered alone or in combination, as the liver enzymes remained elevated after treatment. Some bisphosphonates have been associated with mild liver enzyme elevations, with the pattern being hepatocellular. However, clinically apparent liver injury is rare (LiverTox, 2018). The results are in consonance with the works of Briggs et al. (2022), in which the administration of herbal drug and its combination with orthodox diabetic drug worsened liver parameters. Also, Kwon et al. (2023) reported some adverse events, in the combination of herbal and western medicine in the treatment of osteoporosis.
4. CONCLUSION
Osteoporosis is a chronic metabolic bone disease characterized by decreased bone mass and microarchitectural deterioration. Dexamethasone-induced osteoporosis in the female albino rats elevated bone metabolic parameters, osteocalcin and cathepsin K, indicating increased bone turnover and resorption. Treatment with alendronate alone significantly improved the bone parameters, indicating its effectiveness in mitigating glucocorticoid-induced bone loss. Treatment with compound marrow powder and its combination with alendronate was not effective, as it did not improve the bone parameters, and also had no hepatoprotective effect. These findings support the continued use of alendronate as a standard therapeutic agent for osteoporosis, especially steroid-induced osteoporosis, and highlight the need for further research on the safety, potential benefits and mechanisms of herbal formulation, including their combination with orthodox drugs.
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