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Abstract 

For screening osteoprotectors, it is proposed to investigate the mineralizing activity of rat 

bone tissue (femur, jaws, teeth) in which experimental osteoporosis was reproduced (stress, 

inadequate nutrition, dysmetabolic syndrome). It is proposed to determine the mineralizing 

activity by the ratio of alkaline (ALP) and acid (AP) phosphatase activity in bone tissue. 

It is proposed to determine in vivo the mineralizing efficiency of the drug by the 

percentage increase in mineralizing activity per dose of the drug in mg/kg of live weight. 

Of the three osteoprotectors studied (EkSoVit, quercetin and ascorbic acid), quercetin 

was the most effective, and ascorbic acid was the least effective. 

Keywords: osteogenesis, mineralization, osteoprotectors. 

 

The main mineral component of bone tissue is hydroxyapatite, which is formed by the 

interaction of inorganic phosphate and calcium salts [1-3]. Inorganic phosphate is a product of 

hydrolysis of organic phosphorus-containing compounds (glucose phosphate, glycerophosphate, 
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phosphatidic acid) under the influence of phosphatase enzymes: alkaline (optimum action pH 

10.5) and acidic (optimum action pH 4.8) [4]. 

Alkaline phosphatase (ALP) is synthesized in osteoblasts and osteocytes and secreted 

together with the protein procollagen. Acid phosphatase (AP) is synthesized K in osteoclasts and 

secreted together with acid [5, 6]. If ALP causes the formation of hydroxyapatite, then AP 

promotes its hydrolysis. The final result of the accumulation of hydroxyapatite in bone tissue 

depends on the optimal ALP/AP ratio [7]. In the first period of life (up to 50 years), this ratio 

increases, and after 50 years begins to decrease [8], and the level of the ALP/AP ratio is 

significantly higher in men than in women [8]. 

We have proposed to call the ratio of ALP/AP the mineralization index (MI) [7, 8]. The 

mineralization index decreases not only in old age, but also from taking corticosteroids [9, 10], 

omeprazole [11], in diabetes mellitus [8], when consuming fats with a high content of linoleic 

acid [12], in various intoxications [13] and, as a rule, in osteoporosis [13]. 

A large number of drugs (calcium salts, hormonal drugs, protein products, plant extracts) 

have been proposed for the prevention and treatment of osteoporosis [14, 15]. 

Recently, antioxidant drugs have attracted great interest [16]. 

The aim of our work was to develop a method for determining in vivo the mineralizing 

efficacy of various osteoprotective drugs, taking into account their effect on the mineralizing 

index MI. 

From a practical perspective, the best biological object for solving this problem is rats, in 

which it is possible to study the effect of osteoprotective drugs on the level of MI in various 

bones: teeth, jaws, femurs, vertebrae. 

To carry out the procedure for determining mineralizing efficiency (ME), it is necessary 

to conduct a study of the mineralizing index MI in at least 3 groups of rats using a certain 

pathogenic factor (stress, nutrition, intoxication, etc.). 

One group of rats should be intact, the second group − experimental with pathology and 

the third − with pathology, but additionally with the use of osteoprotector. As a result, 3 MI 

indicators will be obtained: МIn (group I), МIe (group II) and МIp (group III). The calculation 

of mineralizing efficiency (ME) is carried out by the formula: 

МЕ =
(𝑀𝐼𝑝−МІ𝑒)∙100

(МІ𝑛−МІ𝑒)∙С
, 

where C is the dose of the drug in mg/kg of live weight; 

МІn – indicator of the intact group of rats; 

МІe – indicator of the group with pathology but without the drug; 

МІp – group with stress + drug. 

A specific example of the definition of ME. 
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This study used 20 white rats (males, live weight 220±10 g), divided into 5 groups: 

Group I – normal (intact), Group II – stress + oral applications of gel without osteoprotector; 

Group III – stress + gel with EkSoVit (dose 13.6 mg/kg); Group IV – stress + oral applications 

of gel with quercetin (dose 6.82 mg/kg) and Group V – stress + oral applications of gel with 

ascorbic acid (dose 6.82 mg/kg). 

Stress was reproduced by exposing rats to a temperature of −20 °C for 30 minutes. 

After euthanasia of the animals, the femur was isolated, in the homogenate of which the 

activity of ALP and AP [4] was determined and the mineralization index MI was calculated 

based on the ratio of ALP/AP [7]. 

The results of determining the mineralization index MI and mineralization efficiency ME 

are presented in the table. 

 

Тable. Mineralizing efficacy of osteoprotectors 

№№ Group 
Dose of drug 

mg/kg 
МІ 

МЕ 

ΔМІ/mg/kg 

1 Norm (intact ) 0 9,80±0,37 − 

2 Stress (study group) 0 5,27±0,25 

р<0,01 

− 

3 Stress + EkSoVit drug 13,6 9,83±0,70 

р=1; р1<0,01 

7,35±0,56 

4 Stress + Quercetin drug 6,82 8,31±0,74 

р>0,05; р1<0,05 

9,86±0,60 

5 Stress + Ascorbic acid drug 6,82 6,93±0,71 

р<0,05; р1>0,05 

5,37±0,49 

Notes: p – compared to group 1; р1 – compared to group 2. 

 

As can be seen from the presented data, the most effective osteoprotector of the three 

studied was quercetin, and the less effective was the ascorbic acid preparation. 

 Conclusions 

1. A method for determining the mineralizing efficiency of an osteoprotector is proposed, 

taking into account the increase in MI in percent per 1 mg/kg of the drug. 

2. Of the three drugs, quercetin was the most effective and the less effective was ascorbic 

acid. 
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