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Effects of different calcium compounds on bone health


ABSTRACT
	Background: Dietary calcium (Ca) deficiency is believed to be a cause of nutritional calcification reduction rickets in children and adolescents, especially in low - and middle-income countries in Asia and Africa, despite the abundance of sunshine in these areas. 
Aim: The study aimed to identify the effects of different calcium supplements on the body's bones. 
Methodology: Based on the zebrafish bone development model and the osteoporosis model, the efficacy differences of six different calcium supplements in promoting bone development and improving osteoporosis were systematically evaluated. The study was conducted at Hunter Biotechnology, Inc., between May 2024 and August 2024. The effects of different calcium supplements on bone development were evaluated by measuring the fluorescence intensity of the skull and calcium content in normal zebrafish. The anti-osteoporosis effect of different supplements was evaluated by measuring the fluorescence intensity and osteogenic fluorescence intensity of the skull in a dexamethasone-induced zebrafish osteoporosis model.
Results: The results showed that all six calcium samples could promote bone development and improve osteoporosis, and the therapeutic effect of organic calcium was better than that of inorganic calcium. In the osteoporosis model, the anti-osteoporosis effect of the three samples of organic calcium is equivalent. In the model of promoting bone development, the treatment effect of organic calcium lactate & gluconate with Vitamin D3-K2 is the best, followed by Calcium glubionate & lactobionate, and finally microcrystalline hydroxyapatite with Vitamin D3-K1.
Conclusion: Organic calcium was better than inorganic calcium, and organic calcium lactate gluconate and vitamin D3-K2 were the best.
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1. INTRODUCTION
Calcium (Ca) is an essential nutrient that plays a key role in bone structure, especially during growth stages such as pregnant women, breastfeeding women, and childhood. Dietary calcium (Ca) deficiency is believed to be a cause of nutritional calcification reduction rickets in children and adolescents, especially in low - and middle-income countries in Asia and Africa, despite the abundance of sunshine in these areas（Thacher et al., 2006; Fischer et al., 1999）. In Vietnam, studies have shown that both children and women of reproductive age are at high risk of calcium and vitamin D deficiencies, with mild hypocalcaemia affecting up to 83% of women and 97% of children under five, largely due to low dietary intake (Lailou et al. 2013). Long-term calcium deficiency can lead to osteoporosis and osteopenia. Approximately 99% of total body calcium is in bone, where it provides rigidity and structure to the skeletal system and acts as a calcium reservoir. The majority of studies of long-term consequences of inadequate calcium intake are related to bone health, especially rickets in children and fractures, osteopenia, and osteoporosis in older adults (Shlisky et al., 2022).  
Based on data collected from 86 studies conducted on five continents, it is estimated that the global prevalence of osteoporosis is 18.3% (Salari et al., 2021), while the prevalence of osteopenia is even higher at 40.4% (Xiao et al., 2022). In Vietnam, the prevalence of osteoporosis and osteopenia among people aged 50 years and above exceeds the global average, reaching 27% and 67% in women, and 10–13% and 50% in men, respectively (Hoang et al., 2021; Ho-Pham et al., 2011). Other studies in Vietnam have reported osteoporosis rates as high as 40% in women and 37% in men over 50, with higher rates in urban areas and among those with low physical activity or poor dietary calcium intake Confirming this trend, the prevalence of osteoporosis and osteopenia among people aged 50 years and above in Vietnam exceeds the global average, reaching 22.6% and 67.1% respectively (Hoang et al., 2021). These findings highlight osteoporosis as a major and growing public health concern in Vietnam. 
A low calcium diet lowers serum concentrations of 25(OH)D3 and Ca2+ and impairs bone development by increasing serum concentrations of 1,25(OH)2D and parathyroid hormone in rats. Low dietary Ca increases bone turnover by increasing the number of osteoclasts and osteoblasts on the trabecular bone surface and the number of progenitors of osteoclasts and osteoblasts in bone marrow (Cao & Gregoire, 2024). The daily calcium intake recommended by the Chinese Nutrition Society shows that the recommended intake for infants and young children aged 1 to 3 years is 600 (mg/d). Adolescents in adolescence are also a key group of calcium deficiency, and the recommended daily intake of calcium is 800 mg/ day. In addition, the recommended daily intake of calcium for pregnant and lactating women is 800-1000 (mg/d). In Vietnam, the daily intake of calcium ions recommended by the Ministry of Health is 1,200mg for pregnant women and 1,200 - 1,300mg for breastfeeding mothers (V.NIN, 2016). Daily dietary calcium supplements, such as dairy products, legumes and green leafy vegetables, are the most important sources of calcium (Li et al., 2025). 
If the daily diet cannot meet the body's needs for calcium, a calcium supplement becomes necessary. The calcium elements available in Vietnam and other Asian countries are typically in the form of organic calcium compounds (e.g. calcium citrate, calcium lactate, calcium gluconate, calcium citrate) and inorganic calcium compounds (e.g. calcium carbonate).  Both tablet and liquid forms are available, with some evidence suggesting that liquid calcium might have better bioavailability (Wiria et al.,2020).  Liquid calcium can be generally added with vitamin D, vitamin K2, iron, zinc and other nutrients conducive to calcium absorption and metabolism (Reid, 2025). However, there is limited evidence directly comparing the effectiveness of different calcium compounds in the Vietnamese population. 
At present, there is an increasing amount of information about calcium supplements for the treatment/prevention of osteoporosis. Heaney et al. found that phosphate supports bone mass gain better than calcium phosphate and calcium carbonate in patients with osteoporosis (Heaney et al., 2010). The study showed that oral vitamin D2 calcium hydrogen phosphate tablets were effective in treating elderly patients with osteoporotic pyramidal compression fractures. In addition, the study of Fu et al. showed that the treatment of Xianling Gubao capsule combined with intravenous infusion of zolaiphosphate and calcium carbonate D3 tablets could improve the bone mineral density and bone turnover level of patients (YF Fu, 2021). There are different calcium compounds in the market, while there is limited evidence comparing the effectiveness of calcium compounds. 
Based on the above background, in this experiment, we adopted a zebrafish model to investigate the effectiveness of calcium absorption between different types of calcium salts in promoting bone development and anti-osteoporosis. Zebrafish, as a vertebrate, is very suitable for the research and development of bone-related drugs because it has many special advantages, such as embryo transparency, rapid bone development, high homology with human-related genes and signal pathways, which are not found in mammalian models. In recent years, zebrafish has been successfully applied to the establishment of osteoporosis models, and has good application prospects in the development of new drugs for osteoporosis prevention and treatment.
2. MATERIAL AND METHODS
2.1 Chemicals and reagents
[bookmark: _Toc31031][bookmark: _Toc3608][bookmark: _Toc29728][bookmark: _Toc9832][bookmark: _Toc15715][bookmark: _Toc18311][bookmark: _Toc21356][bookmark: _Toc29745][bookmark: _Toc21889][bookmark: _Toc30619][bookmark: _Toc30550][bookmark: _Toc27749][bookmark: _Toc19789][bookmark: _Toc11967][bookmark: _Toc15201][bookmark: _Toc16125][bookmark: _Toc22967][bookmark: _Toc5681][bookmark: _Toc10883][bookmark: _Toc9593][bookmark: _Toc26868][bookmark: _Toc26659][bookmark: _Toc5172][bookmark: _Toc11315][bookmark: _Toc13427][bookmark: _Toc18330][bookmark: _Toc27355][bookmark: _Toc26267][bookmark: _Toc18698][bookmark: _Toc5806][bookmark: _Toc16188][bookmark: _Toc13422][bookmark: _Toc13835][bookmark: _Toc27012][bookmark: _Toc28395][bookmark: _Toc7601][bookmark: _Toc31767][bookmark: _Toc4073][bookmark: _Toc4300][bookmark: _Toc18992]Calcium carbonate (CaCO₃), calcium hydrogen phosphate (CaHPO₄), hydroxyapatite (HA), Calcium glubionate & lactobionate (Ca-glubionate/lactobionate), Calcium lactat & gluconate with Vitamin D3-K2 (CaL-CaG-D3-K2), and microcrystalline hydroxyapatite with Vitamin D3-K1 (MCHA-D3-K1), all solvents are standard diluted water. Alendronate sodium tablets (lot number X002979, Savio IndustrialS.r.L, Italy); Calcium chloride(lot No. C2004046, Shanghai Aladdin Biochemical Technology Co., LTD., China); Alizarin Red (lot number C12071107, Shanghai Maclin Biochemical Technology Co., LTD., China); Anhydrous magnesium chloride (lot No. C1809044, Shanghai Aladdin Biochemical Technology Co., LTD., China); 4% Histocyte Fixation Solution (Lot No. 240004005, Beijing Soleibao Technology Co., LTD., China); Potassium hydroxide (Lot No. T20100913, Sinophosphate Chemical Reagent Co., LTD., China); Glycerin (lot No. C15948751, Shanghai Maclin Biochemical Technology Co., LTD., China); Anhydrous ethanol (Lot No. 20240312, Shanghai Aladdin Biochemical Technology Co., LTD., China); Hydrogen peroxide solution (Lot No. G2023089, Shanghai Aladdin Biochemical Technology Co., LTD., China); Nitric acid (lot No. 20240223, Shanghai Aoban Technology Co., LTD., China); Calcium Standard Solution (Lot No. 2415695, Shanghai ANPEL, China).
2.2 Instruments
Stereomicroscope (SZX7, OLYMPUS, Japan): Observing and studying large or non-transparent biological samples; Charge-coupled device (VertA1, Shanghai Tusen Vision Technology Co., LTD, China): Convert image pixels into digital signals; Motorized Focus Continuous Zoom Fluorescence Microscope(AZ100，Nikon，Japan): Quickly and accurately capture the details of the inspected object; Precision electronic auto-balance(CP214，OHAUS，USA): More complex physical measurements are possible; Microwave Digestion System(MARS 6，CEM，USA): Heating and decomposition of samples; ICP-MS(NexION 1000G，PE，USA): For elemental and isotopic analysis.
2.3 Zebrafish maintenance and embryo collection
[bookmark: _Toc25149][bookmark: _Toc20683][bookmark: _Toc8637][bookmark: _Toc24286][bookmark: _Toc367][bookmark: _Toc20480][bookmark: _Toc31802][bookmark: _Toc18011][bookmark: _Toc12684][bookmark: _Toc4796][bookmark: _Toc3113][bookmark: _Toc21567][bookmark: _Toc28175][bookmark: _Toc6980][bookmark: _Toc3050][bookmark: _Toc3190][bookmark: _Toc20560][bookmark: _Toc28844][bookmark: _Toc30709][bookmark: _Toc1879][bookmark: _Toc19743][bookmark: _Toc23334][bookmark: _Toc11327][bookmark: _Toc22193][bookmark: _Toc27231][bookmark: _Toc8120][bookmark: _Toc32762][bookmark: _Toc8632][bookmark: _Toc15095][bookmark: _Toc26567][bookmark: _Toc25892][bookmark: _Toc24026][bookmark: _Toc21012][bookmark: _Toc25005][bookmark: _Toc24317][bookmark: _Toc20766][bookmark: _Toc3706][bookmark: _Toc27002][bookmark: _Toc2890][bookmark: _Toc27340]Zebrafish were maintained at 28˚C in fish water (0.2% Instant Ocean Salt in deionised water, pH 6.5–8.5, conductivity 450–550 μS/cm and hardness 50–100 mg/L CaCO3). The zebrafish facility and the laboratory at Hunter Biotechnology, Inc. are accredited by the Association for Assessment and Accreditation of Laboratory Animal Care (AAALAC) International. After each experiment, all the zebrafish were anaesthetised and euthanised with 0.25 g/L tricaine methanesulfonate, which conforms to the American Veterinary Medical Association (AVMA) requirements for euthanasia by anaesthetic. This study was approved by the Institutional Animal Care and Use Committee (IACUC) at Hunter Biotechnology, Inc., and the IACUC approval number was 001458.
2.4 Evaluation of the efficacy of promoting bone development (Bone density)
[bookmark: _Toc32107][bookmark: OLE_LINK15][bookmark: OLE_LINK21]Wild-type AB strain zebrafish larvae at 3 dpf were randomly assigned to a beaker with 30 zebrafish per treating group. Water-soluble samples at different concentrations (Table 1), a positive control (calcium chloride, 312 μg/mL), and the control group were set up in each beaker of 20 mL of water. After 2 days of treatment at 28 ℃, each experimental group was subjected to Alizarin red staining. For each group, 10 zebrafishes were randomly selected for fluorescence imaging under a microscope. Fluorescence intensity of the zebrafish skull was collected and analysed via NIS-Elements D 3.20 Advanced Image Processing Software.

Table1. The concentration of zebrafish and the daily dosage for humans
	Group
	Dose
	Calcium concentration in zebrafish
（µg/mL）
	Dose per person (calculated by calcium content) (mg)

	CaCO₃/CaHPO₄/HA/MCHA-D3-K1/Ca-glubionate/lactobionate/CaL-CaG-D3-K2
	Low dose (LD)
	41.7
	250

	
	Medium dose (MD)
	83.3
	500

	
	High dose (HD)
	167
	1000



2.5 Evaluation of the efficacy of promoting bone development (calcium content)
[bookmark: _Toc2038][bookmark: _Toc28322][bookmark: _Toc5800][bookmark: _Toc26093][bookmark: _Toc30324][bookmark: _Toc11243]Wild-type AB strain zebrafish larvae at 3 dpf were randomly assigned to a beaker with 30 zebrafish per treating group. Water-soluble samples at different concentrations (Table 1), a positive control (calcium chloride, 312 μg/mL), and the control group were set up in each beaker of 20 mL of water. After 2 days of treatment at 28 ℃, ICP-MS was used to collect data and analyse the calcium content of zebrafish, and evaluate the effect of samples with the statistical analysis results of this index.
2.6 Evaluation of anti-osteoporosis efficacy (Osteogenesis)
[bookmark: _Toc19422][bookmark: _Toc28834][bookmark: OLE_LINK53][bookmark: OLE_LINK36][bookmark: OLE_LINK54][bookmark: OLE_LINK47]Tg(OlaSp7:nlsGFP)cy25 zebrafish larvae at 3 dpf were randomly assigned to a beaker at 30 zebrafish per treating group. Water-soluble samples at different concentrations (Table 1), positive control (Alendronate, 5.00 μg/mL), the control group and the model group were set up in each beaker of 20 mL of water. The osteoporosis model was established by dexamethasone in each experimental group embryo, except the control group. After 2 days of treatment at 28 ℃, 10 zebrafishes were randomly selected from each group for fluorescence imaging under a microscope. Fluorescence intensity of zebrafish osteogenic cells was collected and analysed via NIS-Elements D 3.20 Advanced Image Processing Software. 
2.7 Evaluation of anti-osteoporosis efficacy (skull)
Wild-type AB strain zebrafish larvae at 3 dpf were randomly assigned to a beaker with 30 zebrafish per treating group. Water-soluble samples at different concentrations (Table 1), positive control (Alendronate, 5.00 μg/mL), the control group and the model group were set up in each beaker of 20 mL of water. The osteoporosis model was established by dexamethasone in each experimental group embryo, except the control group. After 2 days of treatment at 28 ℃, each experimental group was subjected to Alizarin red staining. 10 zebrafishes were randomly selected from each group for fluorescence imaging under a microscope. Fluorescence intensity of the zebrafish skull was collected and analysed via NIS-Elements D 3.20 Advanced Image Processing Software.
2.8 Statistical Analysis
All statistical analyses were performed using SPSS 26.0 software. The data results were expressed as mean ± Standard error (SE), and p < 0.05 indicated statistically significant differences.
3 RESULTS AND DISCUSSION
3.1 Effect of calcium supplement on bone development and density of zebrafish
Bone mineral density, also known as bone density, refers to the amount of bone contained per unit volume or unit area (Xia et al.,2019). It is an important index to evaluate bone health, reflecting the strength and firmness of bone. Childhood and adolescence are pivotal periods for skeletal development and maturation, during which bone mass increases significantly by approximately 45% during adolescence alone. By the end of puberty, bone mass reaches nearly 90% of the peak bone mass achieved in adulthood. Accumulating sufficient bone mass during these formative years is essential, as it can significantly reduce the risk of osteoporosis and other bone-related diseases later in life. Therefore, ensuring adequate nutritional supplementation in children and adolescents is vital for promoting optimal bone mass growth and preventing osteoporosis and related conditions. In this study, normal zebrafish were utilised as a model to evaluate the effects of different calcium samples on bone mineral density. To assess bone mineral density, alizarin red staining was employed, with the fluorescence intensity of the zebrafish skull serving as a quantitative measure of bone density. The normal control group was untreated zebrafish, which showed obvious fluorescence (Figure 1). The positive drug calcium chloride can increase the bone density of zebrafish and show strong fluorescence intensity. Subsequently, we observed an increase in bone density with calcium carbonate, calcium hydrogen phosphate, and hydroxyapatite, relative to normal controls. In particular, the corresponding medium concentration and high concentration fluorescence intensity changes were more significant (P<0.01), and the effect of promoting bone development was greater than 15%. When using Calcium glubionate & lactobionate, microcrystalline hydroxyapatite- with Vitamin D3-K1, Calcium lactate & gluconate with Vitamin D3-K2, we found that these three kinds of organic calcium can significantly increase the bone density content of zebrafish, and have strong fluorescence intensity. The corresponding medium concentration and high concentration had significant effects on zebrafish (P<0.001), and the effect of promoting bone development was greater than 25%. Among them, Calcium lactate & gluconate with Vitamin D3-K2 had the best effect (P<0.001), and its effect of promoting bone development was greater than 35%. The bone density of zebrafish treated with Calcium glubionate & lactobionate and Calcium lactate & gluconate with Vitamin D3-K2 was higher than that in the Hydroxyapatite with Vitamin D3-K1 group. And in the overall trend, it is not difficult to find that the effect of using organic calcium is more significant than that of inorganic calcium. In conclusion, the use of Calcium glubionate & lactobionate, Calcium lactate & gluconate with Vitamin D3-K2 and Hydroxyapatite with Vitamin D3-K1 is more effective than the use of calcium carbonate, calcium hydrogen phosphate and hydroxyapatite in increasing bone density of zebrafish. Among the organic calcium used, Calcium lactate & gluconate with Vitamin D3-K2 had the most significant effect, and the use of Calcium glubionate & lactobionate and Calcium lactate & gluconate with Vitamin D3-K2 was superior to Hydroxyapatite with Vitamin D3-K1 in increasing the bone density content of zebrafish.
[image: 图片1]
Fig. 1 Effects of different calcium samples on bone density of zebrafish. (A) Phenotype of fluorescence intensity of zebrafish skull treated with different calcium samples; (B) The fluorescence intensity of zebrafish skull was quantitatively analyzed. Data were compared with control: *p < 0.05, **p < 0.01, ***p < 0.001. (C) The effect of calcium sample on promoting bone development. LD: Low Dose, MD: Medium Dose, HD:High Dose.
3.2 Effects of calcium supplements on calcium content in the bone development of Zebrafish
[bookmark: _Hlk211697400]Among the nutrients that affect bone development, calcium (Ca) is of particular concern because these key minerals are directly involved in the development and maintenance of the skeletal system (Lewis-McCrea,2007). Due to the low content of calcium in ordinary foods, they cannot meet the normal human needs. For a long time, due to insufficient calcium intake or calcium absorption disorders in the body, and due to the increase of parathyroid hormone content, hypocalcemia is caused by the body to release bone calcium into the blood to maintain blood calcium levels, resulting in an increasingly reduced amount of bone calcium, resulting in bone loss or osteoporosis. Calcium content is closely related to bone density, and calcium is a very important mineral in bones and is essential for maintaining bone strength and health. In this experiment (Figure 2), we found that the calcium content of zebrafish treated with the positive drug calcium chloride was significantly increased compared with the normal control group (P<0.01). Then we used organic calcium compounds (Calcium glubionate & lactobionate, Calcium lactate & gluconate with Vitamin D3-K2 and Hydroxyapatite- with Vitamin D3-K1) and inorganic calcium compounds (calcium carbonate, calcium hydrogen phosphate and hydroxyapatite) respectively to observe the effects on the calcium content of zebrafish. The results showed that the use of both organic calcium and inorganic calcium had significant effects on the calcium content of zebrafish compared with the normal control group (P<0.001). The effect of organic calcium compound on the calcium content of zebrafish was more obvious than that of inorganic calcium compound (P<0.001), indicating that organic calcium had a better effect on increasing the calcium content of Zebrafish bone. It can be seen that the liquid calcium compounds had a higher level of calcium absorption compared to the tablet or powder calcium compounds across different calcium concentrations (low, medium and high concentration) (Figure 2B). Comparing 2 liquid calcium compounds, the calcium compound with Vitamin D3 and Vitamin K2 had a higher level of calcium absorption compared to the calcium compound without a vitamin supplement. Liquid calcium lactate & gluconate with Vitamin D3-K2 had a higher level of calcium absorption effect than liquid Calcium glubionate & lactobionate (P<0.01). Comparing between 2 calcium compounds with vitamin supplements (Vitamin D and Vitamin K), the liquid calcium compound had a higher level of calcium absorption compared to the capsule calcium compound. Calcium lactate & gluconate compound with Vitamin D3-K2 had a higher level of calcium absorption compared to the calcium Hydroxyapatite compound with Vitamin D3-K1 at 3 different calcium concentrations, with the calcium absorption promotion percentage being 76% vs 43% (low concentration), 89 vs 43 (medium), and 107 vs 49 (high) accordingly (P<0.001). Therefore, the use of liquid Calcium (Calcium glubionate & lactobionate, Calcium lactate & gluconate with Vitamin D3-K2, can be more effective than tablet or capsule calcium (calcium carbonate, calcium hydrogen phosphate, and hydroxyapatite) regarding the effects of calcium absorption into the zebrafish bone. 

 It is also observed that the effectiveness of liquid calcium compound when comparing between liquid calcium compound without vitamin supplement (calcium glubionate & lactobionate) and capsule calcium compound with vitamin supplement (calcium hydroxyapatite with phosphorus, Vitamin D3, and Vitamin K1). The liquid calcium glubionate & lactobionate had a higher level of calcium absorption compared to calcium hydroxyapatite with phosphorus, Vitamin D3 and Vitamin K1 at 3 different concentrations, 54 % vs 43% (low concentration), 61 vs 43 (medium), and 82 vs 49 (high) accordingly (P<0.001). However, this observation explored only the effectiveness of calcium absorption. The supplement of Vitamin D and Vitamin K to the calcium compound can contribute other health benefits besides the effects of calcium absorption.
[image: 图片2]
Fig. 2 Effects of different calcium samples on calcium content in zebrafish. 
(A) Calcium content in zebrafish treated with different calcium samples. Data were compared with control: *p < 0.05, **p < 0.01, ***p < 0.001. (B) Promoting calcium absorption of calcium samples. LD: Low Dose, MD: Medium Dose, HD: High Dose.

3.3 Influence of calcium supplement on the evaluation of the anti-osteoporosis efficacy of zebrafish bone formation
As the most common bone disease, osteoporosis is a metabolic disease characterised by low bone mass, damage to the microstructure of bone tissue, increased bone fragility, and easy fracture (Christiansen et al.,1993). In adults, the dynamic imbalance between bone formation and bone resorption, bone mass and bone strength declines to meet the clinical diagnostic criteria of osteoporosis, leading to an increased risk of fracture. (Zaidi et al.,2007; Kenkre et al.,2018). In this study (Figure 3), we evaluated the changes in osteogenic fluorescence to reflect the bone formation of zebrafish. In this experiment, the normal control group did not undergo any treatment and showed obvious fluorescence intensity. The fluorescence intensity of zebrafish in the model control group was weak, indicating that osteoblast activity was reduced and bone formation was inhibited. After using the positive drug alendronate sodium tablets, the osteoblast activity of osteoporotic zebrafish increased, and the fluorescence intensity was stronger. Inorganic calcium (calcium carbonate, calcium hydrogen phosphate and hydroxyapatite) and organic calcium (Calcium glubionate & lactobionate, Calcium lactate & gluconate with Vitamin D3-K2 and Hydroxyapatite with Vitamin D3-K1) were next studied. The results showed that compared with the model control group, the use of inorganic calcium and organic calcium significantly restored the osteogenic damage of zebrafish with osteoporosis. In terms of the overall trend, it is not difficult to find that organic calcium has a more significant effect than inorganic calcium. It shows that organic calcium has a better effect on zebrafish with osteoporosis symptoms. In organic calcium, the effects of the three are equivalent. Therefore, organic calcium (Calcium glubionate & lactobionate, Calcium lactate & gluconate with Vitamin D3-K2 and Hydroxyapatite with Vitamin D3-K1) plays a more significant role in the anti-osteoporosis treatment of zebrafish than inorganic calcium (calcium carbonate, calcium hydrogen phosphate and hydroxyapatite).
[image: 图片3]
Fig.3 Effects of different calcium samples on zebrafish osteogenesis. (A) Zebrafish osteogenic fluorescence intensity phenotype treated with different calcium samples; (B) Quantitative analysis of zebrafish osteogenic fluorescence intensity, data compared with the model: * p < 0.05, * * p < 0.01, * * * p < 0.001. (C) Anti-osteoporosis effect of calcium sample. LD: Low Dose, MD: Medium Dose, HD: High Dose.

3.4 Influence of calcium supplement on the evaluation of the anti-osteoporosis efficacy of the zebrafish skull
In view of the research on the anti-osteoporosis effect of zebrafish bone formation, the anti-osteoporosis effect of the zebrafish skull will be further explored. Our experimental results showed that the fluorescence intensity of the normal treatment group was stronger without any treatment (Figure 4). The model control group was zebrafish with osteoporosis symptoms, bone density decreased, and fluorescence intensity was weak. When the positive drug alendronate sodium tablets were added, the bone density and fluorescence of zebrafish with osteoporosis increased. Inorganic calcium (calcium carbonate, calcium hydrogen phosphate and hydroxyapatite) and organic calcium (Calcium glubionate & lactobionate, Calcium lactate & gluconate with Vitamin D3-K2 and Hydroxyapatite with Vitamin D3-K1) were added to study zebrafish with osteoporosis symptoms. The results showed that the use of both inorganic and organic calcium increased bone density. The effect of organic calcium was more significant than that of inorganic calcium. These results indicate that organic calcium can improve zebrafish osteoporosis, and the effect is better than inorganic calcium. Among them, in organic calcium, the therapeutic effects of the three samples were comparable. Therefore, in the treatment of zebrafish osteoporosis symptoms, the use of inorganic calcium (calcium carbonate, calcium hydrogen phosphate and hydroxyapatite) and organic calcium (Calcium glubionate & lactobionate, Calcium lactate & gluconate with Vitamin D3-K2 and Hydroxyapatite with Vitamin D3-K1) has an improved effect. Organic calcium is even more effective.
[image: 图片4]
Fig.4 Effects of different calcium samples on bone mineral density of osteoporotic zebrafish. ( A ) The fluorescence intensity phenotype of zebrafish skull treated with different calcium samples ; ( B ) Quantitative analysis of zebrafish skull fluorescence intensity, data compared with the model : * p < 0.05, * * p < 0.01, * * * p < 0.001. ( 3 ) Anti-osteoporosis effect of calcium sample. LD:Low Dose, MD:Medium Dose, HD:High Dose.

4. CONCLUSION
Calcium is an essential trace element in the human body. Long-term lack of calcium ions will cause chronic bone diseases such as fractures and osteoporosis. After adding 6 kinds of calcium supplements respectively in our experiment, it was found that all six kinds of calcium supplements could promote bone development and improve osteoporosis, and the therapeutic effect of some organic calcium compounds was better than that of inorganic calcium compounds. In the osteoporosis model, the three kinds of organic calcium compounds had the same anti-osteoporosis effect. In promoting bone development model, the therapeutic effect of organic calcium lactate and calcium gluconate with vitamin D3-K2 was the highest, followed by calcium gluconate and calcium lactobionate, and finally, microcrystalline hydroxyapatite with vitamins D3-K1.

5.ABBREVIATIONS
1. Calcium carbonate: CaCO₃; 2. calcium hydrogen phosphate: 3. CaHPO₄; 4. hydroxyapatite: HA; 5. miccrocrystalline hydroxyapatite with Vitamin D3-K1: MCHA-D3-K1; 6. Calcium glubionate & lactobionate: Ca-glubionate/lactobionate; 7. Calcium lactat & gluconate with Vitamin D3-K2: CaL-CaG-D3-K2.
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