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The aim of the study was to investigate the effectiveness of nitrogen-containing bisphosphonates
synthesized as promising substances for correction of mineral metabolism in osteoporosis. The study
was carried out on a model of alimentary osteoporosis that was characterized by hypocalcaemia,
hypophosphatemia, decreased 25-Hydroxyvitamin Dg content in blood serum and severe bone tissue
demineralization (reduced ash content and mineral components). It was found that synthesized
novel nitrogen bisphosphonates (pyrazole-containing analogues), like reference drugs — metylene
bisphosphonate (disodium salt of metylene bisphosphonic acid) and alendronate (4-amino-1-hidroxy-
butyliden bisphosphonate), inhibit with the different efficiency demineralization of the bone tissue and
increase the mineral metabolism in rats with alimentary (nutritional) osteoporosis that was assessed by
the marker parameters of bone formation. In particular, drug administration (bisphosphonates I-12, I-40,
1-42) resulted in elevation of calcium and phosphate levels and decreased the total activity of alkaline
phosphatase and its isoenzymes in blood serum. The ash content and the levels of calcium and phosphorus in
the ash of tibia and femur bones were shown to be markedly elevated. Bisphosphonate I-12 has shown more
profound antiresorbtive activity and ability to correct mineral metabolism in alimentary osteoporosis,
including such of reference drugs. It was found a significant decrease of 25-Hydroxyvitamin D5 content in
the serum that is considered as a profound vitamin D3 deficiency associated with nutritional osteoporosis.
Asit was not compensated by bisphosphonates, we suggest that further investigations should be directed to
the combined use of both: bisphosphonates as inhibitors of osteoclast activity that diminish bone resorption
and vitamin Dy as a key regulator of bone remodeling process and osteosynthesis activator.

Key words: nitrogen-containing bisphosphonates (pirazole-containing analogues), alimentary
osteoporosis, mineral metabolism, vitamin Ds.

The loss of bone tissue is the main cause
of many skeletal diseases that are mainly
accompanied by the fractures of proximal
part of tibia and spine. The main drugs
that can slow down the loss of bone tissue
due to inhibition of bone resorption are the
following: calcium, estrogens, calcitonin,
vitamin Dj, and bisphosphonates [1]. These
drugs are called “bone antiresorbents”.
Bisphosphonates are synthetic analogues of
inorganic pyrophosphate. They are widely

used for therapy of numerous metabolic
disorders such as postmenopausal and
glucocorticoid-induced osteoporosis, Paget’s
disease, bone metastasis in cancer patients,
hypercalcemia, hereditary skeletal disorders
in children, etc. [2—4]. To regenerate bone
tissue and renovate its structure after
damage, it is used orthopedic implants based
on the composites of bisphosphonates with
nanocrystalline hydroxyapatite, nanoparticles
of bioactive glass, natural and synthetic
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polymers that possess biodegradability [5,
6]. Bisphosphonates have their therapeutical
effect due to their ability to inhibit osteoclast
activity and decrease hydroxyapatite
degradation. Getting into osteoclasts,
bisphosphonates inhibit the synthesis of some
key metabolic enzymes, promote structural
changes in cytoskeleton (actin and vinculin),
and decrease the concentration of protein-
markers for resorption of bone tissue and
calcium in blood serum [7]. Indisputable
advantage of bisphosphonates can be seen
under disruption of bone tissue remodeling —
the balance between osteosynthesis (mediated
by osteoblasts) and bone resorption (bone
demineralization) that mediated by osteoclasts.
Molecular mechanisms of bisphosphonate
action on bone tissue cells are dependent on
their chemical structure. Bisphosphonates of
first generation (etidronate, clodronate and
tiludronate), due to their structural similarity
to inorganic pyrophosphate (PPi), can interact
with adenosine monophosphate and as a
result, they form ATP-analogues, which are
unable to hydrolysis and inhibit numerous
ATP-dependent processes in cells that leads
to apoptosis of osteoclasts. Bisphosphonates
of second generation (nitrogen-containing
bisphosphonates), in particular, alendronate,
pamidronate and olpadronate due to their
structural similarity to the substrate dimethyl
allyl pyrophosphate in carbo cationic form
can inhibit prenyl transferase (geranyl
pyrophosphate synthase) — the enzyme that
converts dimethyl allyl pyrophosphate into
geranyl pyrophosphate. It leads to the decrease
of geranyl pyrophosphate concentration.
Besides, isopentyl pyrophosphate, reacting
with ATP, forms isopentyl-ATP, the
compound that initiates releasing of caspases
and, therefore, apoptosis of osteoclasts
and other macrophages. Bisphosphonates
of third generation (nitrogen-containing
bisphosphonates) such as risedronate,
ibandronate, zoledronate are structurally
similar to geranyl pyrophosphate and inhibit
the next stage — conversion of geranyl
pyrophosphate into farnesyl pyrophosphate or
geranyl-geranyl pyrophosphate (by inhibiting
farnesyl pyrophosphate synthase) [8, 9].
Inhibition of prenyl transferase (geranyl
pyrophosphate synthase and farnesyl
pyrophosphate synthase) essentially decreases
the formation of farnesyl pyrophosphate and
geranyl pyrophosphate — compounds that
are necessary for prenylation (isopentylation)
of small signal G-proteins (Rho, Ras, Rac,
cde 42). This posttranslational covalent
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modification of signal G-proteins is necessary
for normal function and intercellular
interactions of osteoclasts. In particular,
attaching the lipid (isoprenoid) “tails” to
signal molecules provide their involvement
into regulation of specific osteoclast functions,
such as final stages of differentiation, joining,
endocytosis, maintenance of cell shape, and
apoptosis [10].

As nitrogen presence and its position in
the molecular structure of bisphosphonates
may play a crucial role for their properties,
the aim of the work was to investigate
biological effectiveness of newly synthesized
bisphosphonates, which contain nitrogen in
pyrazole nucleus, on regulation of mineral
metabolism in rats under experimental
alimentary osteoporosis.

Materials and Methods

Approaches for design and synthesis
of nitrogen-containing bisphosphonates
(pyrazole-containing analogues) were carried
out by colleagues from Institute of Organic
chemistry NAS of Ukraine, who are co-author
of this paper.

To investigate the biological effectiveness
of synthesized nitrogen-containing
bisphosphonates, female Wistar rats
(one month, weight 90 =5 g) were used.
Experimental alimentary osteoporosis
was induced by keeping the rats on
D-hypovitaminosis diet for 30 days according
to The State Standard (GOST) 11222-65 with
the balanced ratio of calcium and phosphorus
(calcium content — 1.2%, phosphorus —
0.8%, the ratio Ca?"/P — 1.5). The selection
of animals and group formation were done
by the method of “random number”. After
keeping on D-hypovitaminosis diet for 30 days,
experimental animals recieved intragastrically
(in 0.1 ml) the preparations by gavage once a
day. Control animals got a full ration according
to vivarium standards.

Animals received light ether anesthesia
during all manipulations. All studied
bisphosphonates: methylene bisphosphonate
(dihydrate disodium methylene bisphosphonic
acid, the preparation was obtained in Palladin
Institute of Biochemistry of NAS of Ukraine),
alendronate (commercial preparation
“Alendronate-stoma”), and synthesized
nitrogen-containing bisphosphonates (I-12,
1-40, I-42) were administered per os (1.7 mg/kg
of body weight) as an aqueous suspension.
Vitamin Dj; bioavailability was estimated
by the content of 250HD; in blood serum.
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For that purpose we used the enzyme linked
immunosorbent assay (ELISA) according to
the protocol of 25-Hydroxy Vitamin D EIA
kit (IDS, USA). Registration of the signal was
carried out on an automatic microplate reader
ER-500 (Sinnowa) at A = 450 nm.

Calcium level in blood serum was
determined using bioassay kits Lachema,
Czech Republic. Standard solution of 25.0 mM
CaCOg was prepared in 1.7% HCI. Inorganic
phosphate content was measured after protein
precipitation with 12% trichloroacetic acid
(TCA) according to Dyce [11]. Total alkaline
phosphatase activity (ALP) was determined
using bioassay kits Lachema, Czech Republic.
Activity of isoenzymes of alkaline phosphatase,
in particular, the bone thermolabile isoform
was determined after incubation of the probes
at 55 °C; L-phenylalanine was used as an
inhibitor for the intestinal isoform [12, 13].

Ash content of bone tissue was determined
by the method of dry mineralization at
500-600 °C after degreasing of animal tissue
with hexane for 7 days and the obtained
results were calculated on the weight of bone
tissue. Content of mineral components in ash
was determined using the mentioned methods
after ash dissolution in 0.5 ml of concentrated
HCI. To the obtained salt solution we added
9.5 ml of bidistilled water with further
dilution of the sample with bidistilled water
at a ratio 1:40. For osteometric reserches tibia
and femur bones were used. According to the
standard procedure, we measured in frontal
surface the total length, the width of the distal
epimetaphysis of femur bones and proximal
epimetaphysis of tibia bones, as well as,
their thickness between the middle and lower
thirds [14].

The data were statistically processed using
Microsoft Excel. Statistical analysis of the
results was was carried out using Student’s
t-test, the difference was considered as
significant with P < 0.05.

Results and Discussion

Antiresorptive properties of bisphos-
phonates are determined by P-C-P structure
that provides greater stability and resistance
to enzymatic hydrolysis in bone tissue
as compared with P-O-P structure in PP,
molecule (Fig. 1). All bisphosphonates,
which are used in clinical practice, contain
a hydroxyl group at the central carbon; it
is defined as Rj-position (the replacement
of the hydrogen atom). Flanking (side)
phosphate groups of bisphosphonates provide

Fig. 1. Chemical structure of pyrophosphate
and bisphosphonates

high affinity to hydroxyapatite crystals in
bones (similarly as in the case of PP,), while
hydroxyl groups determine high affinity of
bisphosphonates to bind calcium. Phosphate
and hydroxyl groups jointly provide high
affinity of bisphosphonates to the components
of bone matrix, that determines the high
specificity of bisphosphonate effect just on in
bone tissue.

Other structural component of the
molecule (Ry-position) is attached to the
central carbon atom. It forms the site that
is responsible for bisphosphonate (BP)
ability to inhibit bone resorption. Chemical
modification of side chains of carbon atom
in R, —position in BP gives the possibility
to synthesize many analogues that are
characterized by both: higher antiresorptive
potential and higher BP affinity to the bone
tissue. Incorporation of nitrogen atom or
amino group in BP structure was extremely
efficient. It increases antiresorptive ability
of bisphosphonates from 10 conventional
units (CU) in case of etidronate to 10,000 CU
as in case of zoledronate. The most important
issue is not only the presence of nitrogen
atom, but also its position in BP molecule
[3, 8].

Analysis of MDDR data, which was
carried out within the target complex
program of fundamental research of
NAS of Ukraine, proved the absence of
pyrazole derivatives among the known BP
[15]. Taking into consideration the patent
clearance, researchers from Institute of
Organic Chemistry of NAS of Ukraine
developed new approaches and preparative
methods for synthesis of 4-R-1,3-dialkyl
pyrazoles and pyrazole-containing hydroxyl
bisphosphonates. These approaches include
serial conversion of correspondent pyrazole-
containing carboxylic acids into their chloro
anhydrides with further interaction with
tris (trimethylsilil) phosphite and hydroxyl-
containing aliphatic compounds [16]. It was
synthesized for the first time the group of
nitrogen-containing bisphosphonates (general
structure 1) with pyrazole nucleus:
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Among synthesized pyrazole-containing
bisphosphonates, it was selected and
synthesized three the most promising
compounds with the different length of the
linker that binds bisphosphonate fragment to
pyrazole nucleus and has different way of its
attachment with nitrogen atom or pyrazole
(bisphosphonates 1-12, 1-40 and 1-42). It was
studied their biological activity as potential
drugs, that normalize mineralization and
inhibit the development of experimental
alimentary osteoporosis.

To study effectiveness of pyrazole-
containing bisphosphonates it was developed
the model of alimentary osteoporosis in
rats. The model is characterized by severe
hypocalcemia, hypophosphatemia, and an
increased activity of alkaline phosphatase
in blood serum that can be considered as
an enzyme biomarker of the formation and
resorption of bone tissue [12]. Osteoporosis
development in rats led to inhibition of
cell growth, disorders in the structure of
compact bone tissue and epiphyseal cartilage,
decreased mass and ash content of tibia,

n
PO)OHL X

X
(CH2n  p0)0H)

reduced mineral components, and to weakening
of cellular immunity (reduction in the number
and inhibition of phagocytic activity of
granulocytes and monocytes) [17].

When rats with developed osteoporosis
obtained reference drugs or synthesized
pyrazole-containing bisphosphonates, it was
found an essential influence on the mineral
metabolism. Calcium level, as an integral
marker of mineral metabolism, was decreased
in blood serum of rats with osteoporosis by
29.5% . It was observed an increase in the
calcium level in case of rat treatment with
reference drugs or studied bisphosphonates.
Introduction of metylene bisphosphonate led
to the increase in calcium levels by 14.5%,
alendronate — 8.2%, bisphosphonate
I-12 — 22.8% as compared with osteoporosis
(Table 1). Bisphosphonates I-40 and I-42 had
a much smaller effect on the calcium content.
It has to be noted, that the observed changes
in calcium content in blood serum were due
to the fraction of ionized (ultrafiltered)
calcium, its relative content in control was
91% . The level of ionized calcium increased
in case of metylene bisphosphonate by 16.4%,
alendronate — 9.3%, bisphosphonate I-12 —
27.1% , bisphosphonate I-40 — 10.1%, I-42 —
10.7% as compared with osteoporosis.
Bisphosphonates had no essential effect
on the content of protein-bound calcium.
It is known that there are some functional
forms of calcium in blood serum. In particular,
small amount of calcium is bound to the
proteins (albumins and globulins). However,

Table 1. Content of mineral components in blood serum of rats with alimentary osteoporosis
and after administration of bisphosphonates

Calcium, mM'L_l Inorganic
Experimental groups Total calcium Protein:bound Ultraf@ltered pholsll.)]l_‘@lte
calcium calcium m
Control 2.24+0.12 0.20+0.01 2.04%+0.10 1.95+0.09
Alimentary osteoporosis 1.58+0.08%* 0.18+0.02 1.40+0.08%* 1.46+0.07%
Alimentary osteoporosis+ 1.81+0.07# 0.19+0.02 1.63+0.07# 1.73+0.06#
methylene bisphosphonate e T U
Alimentary osteoporosis + | 4 71 g 0.17+0.03 1.53+0.07# 1.500.06
alendronate ' : ' : ' : : '
Alimentary osteoporosis + | 4 g4, 14 0.17+0.09 1.78+0.11# 1.76+0.08#
bisphosphonate I-12 ’ ) ) ’ ’ ’ ’ ’
Alimentary osteoporosis + | 1 7g .0 gz 0.19+0.03 1.54+0.64 1.52+0.07
bisphosphonate I-40
Alimentary osteoporosis +
bisphosphonate [-42 1.71+0.6 0.16+0.03 1.55+0.06 1.49=+0.6

Note: here and after © — P < 0.05 compared with the control; # _p<0.05 compared with osteoporosis

group; M +=m,n=9.
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the great amount of calcium is in an
ultrafiltered form that contains ionized
calcium (up to 85%) and chelated one (up to
15%): citrate- phosphate- and bicarbonate-
bound calcium. The ratio between calcium
forms can be changed due to the different
physiological state and can serve as a marker
of some pathological states [1]. The decrease
in the ratio of ultrafiltered: membrane-
bound calcium form from 10.2 (control
value) to 7.8 (osteoporosis state) can be the
evidence of the severe disorder of mineral
metabolism. Investigated bisphosphonates
were able to increase the above-mentioned
ratio (bisphosphonate I-12 — up to 10.4,
bisphosphonate I-40 —to 8.1, bisphosphonate
I-42 — to 9.7) and they normalized to some
extent mineral metabolism. However, the
content of calcium and its functional forms in
blood serum did not reach the value that was
observed in the control group of animals.

Calcium level in blood serum is one of the
constant characteristics of the body. Daily
fluctuations of calcium level do not excess
3-5% . It is the necessary condition for normal
functioning of neural system, muscles,
coagulation system, maintenance of the
structure and permeability of membranes as
well as secretion and action of hormones, etc.

The level of extracellular Ca?" in the body
is kept within the narrow physiological range.
It is based on the coordinated functioning of
intestines, kidney, parathyroid glands and
bone tissue. Direct regulation is carried out
by parathyroid hormone, D; vitamin and
calcitonin [18].

Ca?' is considered to be one of the major
intracellular second messengers rapid changes
in its concentration are achieved by highly
effective regulation of calcium channels,
pumps and exchangers [19].However, ionized
extracellular calcium acts as a primary
messenger and serves as a ligand for membrane
calcium receptors conjugated with G-protein
(GPCR — G-protein-coupled-receptor). These
receptors are called “calcium receptors”. They
contain Ca?' binding center CaSR (calcium
sensing receptor) [20]. The main function
of CaSR is to maintain homeostasis of Ca?"
through coordinating the processes of calcium
absorption from gastrointestinal tract, its
excretion by kidneys, and calcium releasing
and accumulating by bone tissue. At the
molecular level, CaSR provides integration of
calcium signaling, that coordinates changes
in the concentration of extracellular Ca®" with
intracellular signaling systems and is essential
for the physiological response.

Calcium of the bone tissue is an important
regulator for maintenance of osteoblast/
osteoclast balance, i.e. for the processes of
osteosynthesis and bone resorption.

In particular, Ca?' inhibits the formation
and activity of osteoclasts and stimulates the
activity of osteoblasts. The ability of many
osteoblast cell lines and primary osteoblasts
to express CaSR confirms Ca®’"—mediated
mechanism of osteoblastogenesis through
JNK-signaling mechanism and its role in
pathology [21]. Calcium receptor mutations
cause the development of pathologies of
calcium metabolism, which are coupled with
hypercalcemia or hypocalcemia. Family
hypercalcemia coupled with hypercalciurea,
primary hyperparathyroidism of newborns,
and autosomal dominant hypocalcemia coupled
with hypercalciurea are the examples of these
pathologies [22]. CaSRs are also expressed
by osteoclasts and monocytes, which are
precursors of osteoclasts. High level of Ca?*
inhibits the differentiation and activity of
osteoclasts and can increase their apoptosis
[23]. As a result, activation of CaSR inhibits
osteoclast resorptive activity regarding the
bone tissue.

Osteoporosis hypocalcemia is accompanied
by slight hypophosphatemia; the content of
phosphates in blood serum was decreased by
25.2% (Table 1). Introduction of studied drugs
caused a moderate increase in PP; content. In
particular, in case of metylene bisphosphonate
it increased by 21.9% and by 21.9% for
bisphosphonate bisphosphonate I-12. Other
bisphosphonates had no significant effect
on the content of phosphate. The observed
unidirectional changes in the content of
calcium and PP, provided the stable ratio of
Ca?"/P, within 1.5, which is a constant value
for the animal organism.

The changes in the content of mineral
components in blood serum of rats with
alimentary osteoporosis and under the
influence of the studied bisphosphonates
were accompanied by the alteration of
ALP activity — a biomarker enzyme that
characterizes the intensity of the process
of mineralization in bone tissue. Serum
ALP activity at osteoporosis significantly
increased — by 67.6% . The contribution
of the bone isoform was 82.9% of the total
serum alkaline phosphatase activity. Its
activity at osteoporosis grew to 78.2%
(Table 2). Normalization of mineral
metabolism under the influence of studied
bisphosphonates and reference drugs was
accompanied by a decrease of general activity
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of ALP and its bone isoform in serum to the
control values. Thus, the total ALP activity
was decreased under the influence of metylene
bisphosphonate by 27.2% ; bisphosphonate
I-12 — by 27.4% and bisphosphonate
I1-40 — by 22.1% . Activity of bone isoform
of the enzyme was decreased after MBFK
administration by 32.7%, bisphosphonate
I-12 — by 32.3%, bisphosphonate I-40 — by
28.9% , and bisphosphonate I-42 — by 26.5%.

ALP (phosphohydrolase of phosphoric
acid monoesters E.C. 3.1.3.1) is a membrane-
bound ectoenzyme that catalyzes the
cleavage of monophosphoric esters and
pyrophosphate, releasing inorganic phosphate
(P;) at alkaline pH. Isoenzymes of ALP
comprise four types: tissue nonspecific
alkaline phosphatase isoforms (TNALP)
which are found in bones, liver and kidneys,
and tissue specific isoforms — intestinal,
placental and fetal. Organic monophosphates,
phosphoethanolamine, phosphocholine,
pyridoxal-5-phosphate and PP; are substrates
for alkaline phosphatase. They are sources
for the formation of hydroxyapatite in cells
[24, 25]. ALP possesses very important ability
to hydrolyze PP;, produced in significant
amounts during conversion of ATP into ADP
and PP; in the reaction catalized by nucleotide
pyrophosphatase/phosphodiesterase (EC
3.1.4.1). The extracellular PP;, as the main
physiological inhibitor of mineralization
and calcification of the extracellular matrix,
inhibits the proliferation of hydroxyapatite
crystals along the collagen fibrils.
Providing PP; hydrolysis, ALP supports
PP, /P, that is optimal for bone mineralization
process [24].

The presence of ALP isoforms
enables measuring the enzyme activity
in the diagnosis of certain diseases.

In particular, increased enzyme activity can
be determined in serum of rachitic children,
patients with bone diseases associated with
increased activity of osteoblasts or bone
fractures, bone carcinoma, bone metastases,
megakaryoblastoma with bone lesions. So,
increased activity of alkaline phosphatase is
observed not only in the period of intensive
growth of bone tissue, but also in bone
diseases — osteoporosis, osteomalacia [1].
Mutations (knockout) of the gene of tissue-
nonspecific alkaline phosphatase and inhibition
of its activity cause hypophosphatasia and
lower mineralization of skeleton and teeth.
These occures in case of rickets in children
and osteomalacia in adults as the result of
unability of ALP to cleave PPi. Consequently
it was observed a significant increase in its
concentration that inhibits mineralization
process [25, 26]. There is a wide range of
metabolic disorders associated with reduced
activity of alkaline phosphatase due to loss
of enzyme ability to hydrolyze extracellular
pyridoxal-5-phosphate (PP) to pyridoxal. The
last one, in contrast to PP, is able to penetrate
through the membrane into the cell. Pyridoxal-
5-phosphate, as an active form of vitamin
B6, serves as a coenzyme in the reactions of
transamination, decarboxylation that facilitates
the formation of some neurotransmitters in the
nervous system such as dopamine, serotonin,
histamine, y-aminobutyric acid and taurine [28].
The identified changes in the content
of mineral components and ALP activity in
serum reflects the process of demineralization
of bone tissue under condition of alimentary
osteoporosis. The state of bone tissue of
experimental rats, that were given the
preparations, was characterized by ash content,
calcium and phosphorus content and by
osteometric indicators of femur and tibia bones.

Table 2. Activity of alkaline phosphatase and its isoenzymes in blood serum of rats
with alimentary osteoporosis and after introduction of bisphosphonates

Experimental groups

Activity of alkaline phosphatase, IU/L of blood serum

Total activity | ool isoonzyme

Control 230.2+11.7 48.9+2.2 190.9+12.3

Alimentary osteoporosis 386.0+14.0%* 73.0£3.7* 340.2+20.9%*

Alimentary osteoporosis+ methylene bisphosphonate 281.2+10.8 61.9+2.6# 229.0+14.5#
Alimentary osteoporosis + alendronate 301.6+16.4# 59.9+4.2# 280.7+13.6
Alimentary osteoporosis + bisphosphonate I-12 280.3+12.6# 68.7+3.2 230.3*11.5
Alimentary osteoporosis + bisphosphonate I-40 300.7+17.3# 66.4+3.9 241.9+15.7
Alimentary osteoporosis + bisphosphonate 1-42 330.4+13.4 70.1+5.2 252.1+16.8
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The data in Table 3 showed that in case of
osteoporosis, tibia ash content decreased by
25.6%, the calcium content — by 34.3%, the
content of P; — by 33.8% compared to control.
Administration of metylene bisphosphonate
increased the ash content by 13.5%, calcium
content — by 15.5%, and P, — by 15.7%.
The introduction of the bisphosphonate I-12
resulted in increased tibia ash content by
18.4%, calcium — by 31.9%, P, — by 36.1%.
Bisphosphonates I-40 and I-42 increased tibia ash
content by 6.8% and 5.2% ; calcium content — by
8.2% and 12.0% respectively. P; contents under
the effect of these bisphosphonates increased
by 18. 5% and 10.2% respectively.

Changes in mineral metabolism are in
accordance with osteometric data of femur
and tibia bone under osteoporosis and after
administration of bisphosphonates. In animals
that were kept on the D-hypovitaminose

diet for two months, we observed reduced
length of the femur (by 25.0%) and tibia
(by 21.2%) and reduction of thickness in
distal (by 19.5%) and proximal (by 20.0%)
distal epimetaphysis (Table 4) was also
found. Administration of bisphosphonates to
diseased rats revealed increase in length and
thickness of the femur and tibia. In particular,
the growth of bone was significantly
greater in case of metylene bisphosphonate
(length increased by 23.4% and 20.3%
respectively) and bisphosphonate I-12 by
21.3% and 16.2% . At the same time, it was
observed the increased thickness of the distal
epimetaphysis under the influence of studied
bisphosphonates. However, the changes did
not reach values of control animals: neither
osteometric indices nor the content of mineral
components.

Table 3. Content of mineral components in tibia of rats with alimentary osteoporosis
and after administration of bisphosphonates

Experimental grouns Ash content, % Calcium content, Phosphate content,
p group Dry mass % in ash % in ash
Control 56.8+2.5 35.3+2.3 16.3+0.6
Alimentary osteoporosis 42.3+1.8% 23.2+1.6% 10.8+0.4%*
Alimentary osteoporosis + 48.0+1.7# 26.8+1.24# 12.5+0.3#
methylene bisphosphonate
Alimentary osteoporosis + 45.0+1.7# 27.5+1.24 11.8+0.3#
alendronate
Alimentary osteoporosis +
bisphosphonate 1-12 50.1+3.2# 30.6+1.7# 14.7+0.8#
Alimentary osteoporosis + 45.249.9 95 1=1.4 12.8+0.7#
bisphosphonate I-40 e I U
Alimentary osteoporosis +
bisphosphonate I-42 44.5+2.8 26.0+1.4# 11.9+£0.4#

Table 4. Osteometric indicators of femur and tibia of rats with alimentary osteoporosis
and after administration of bisphosphonates

Femur Tibia
Experimenta groups Length, mm T}}ickness of. distal Length, mm Thiqkness of p.roximal
epimetaphysis, mm epimetaphysis, mm
Control 32.8+2.3 6.7+0.4 36.3 2.3 7.0+0.3
Alimentary osteoporosis 24.6+1.2% 5.4+0.1%* 28.6+8.1%* 5.6=0.4*
Alimentary osteoporosis+ methylene
bisphosphonate 29.6+2.7# 6.4+0.3# 35.3+3.3# 6.8+0.5#
Alimentary osteoporosis + 26.9+2.24 5.8%0.5 30.9+2.24 5.9+0.4%
alendronate
Alimentary osteoporosis + 28.6%2.5%# 6.2+0.4# 34.7+2.1# 6.2=0.6#
bisphosphonate I-12
Alimentary osteoporosis +
bisphosphonate I-40 27.3+3.1# 5.7+0.5 31.8+3.5# 6.0+0.7#
Alimentary osteoporosis + 26.4+2.24 6.0+0.64 32.9+3.1# 6.3+0.5%
bisphosphonate I-42
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Since nutritional osteoporosis was modeled
by maintenance of rats for 3 months on
D-hypovitaminosis diet, it was important to
describe the state of vitamin D-sufficiency
as a marker of structural and functional
organization of bone and mineral metabolism
in the body.

The most appropriate indicator of
vitamin Ds-sufficiency is the content of its
hydroxylated form, 25 hydroxycholecalciferol
(250HD3) in serum (plasma) blood, which
normally reaches values of 100-150 nm - L™}
[3, 11].

Development of alimentary osteoporosis
in our experiments was accompanied by
a significant, almost 3-fold, reduction of
250HD3 level in serum (34.0+=3.7 nm-L™!
in osteoporosis and 97.5+4.3 nm-L ! as the
control level). According to the classification
of vitamin Ds-sufficiency, such low level
of 250HD3 characterizes the state of
deep Dgj-deficiency [15, 16]. Investigated
bisphosphonates, largely normalized the
content of mineral components and alkaline
phosphatase activity, but had virtually no
effect on the level of 250HDS3 in serum. Only
daily co-administration of 40 IU of vitamin Dy
for 30 days provided sufficient normalization
of 250HD3 (89.7 = 5.2 nm - L) in osteoporosis
(Fig. 2).

Thus, the results of the studies indicate
that the development of nutritional
osteoporosis caused by keeping rats on
D-avitaminosis diet, was accompanied by
severe hypocalcemia, hypophosphatemia,
increased activity of alkaline phosphatase
and its bone isoenzyme and significant
disorders of both osteometric indicators and
the content of mineral components in rats.
Administration of investigated pyrazole-
containing bisphosphonates and reference
drugs — metylene bisphosphonate (disodium
salt of metylene bisphosphonic acid) and
alendronate (4-amino-1-hidroxy-butyliden
bisphosphonate) to osteoporosis rats inhibited
demineralization process (resorption) of bone
tissue and enhanced mineral metabolism in
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MeTot0 poboTHu 0yJIO HOCTiANTH e(PeKTUBHICTH
CUHTe30BaHUX HiTporeHBMicHUX Oicocdoua-
TiB AK IIePCIeKTUBHUX CYOCTAHIill JiKapChbKUX
3aco0iB y KOpeKIIii mopyIleHs MiHepajabHOTO 00-
MiHY 3a ocTeornopody. HocirigKeHHA IPOBOIUIIN
Ha MOJeJIi aliMeHTapHOTr'0 OCTEOIIOPOo3y V IIypPiB,
PO3BUTOK AKOTO XapaKTePUBYETHCA IiIOKAIbILi-
emielo, rimodocdaremiero, 3HUKEHHAM BMIiCTY
25-rigpoxcuBitraminy Dy y cupoBarmi kposi Ta
BUPaAYKEHOI0 JleMiHepaJsisalieio KicTKOBOI TKaHU-
HU (BHUKYIOTHCSA 30JIBHICTD i BMiCT MiHepaJIbHUX
KOMIOHEeHTiB). BecTaHOB/I€HO, IIT0 OCIiA:KyBaHL
CUHTEe30BaHi HiTporeHBMicHi GichochonaTu (mi-
pas3oJBMicHI aHaI0TM), TOAIOHO IO Ipemaparis mo-
piBHAHHA — MeTuaeHOichochoHaTy (IUHATPiEBOL
couri metuen6icocdoHOBOI KUCIOTH) TA aJIeH-
npoHaty (4-amino-1-rigpokcubyTuaigen-6icdoc-
¢doHaTy), 3 pidHOIO e(PeKTUBHICTIO rajJbMYyIOTh
mporec meMiHepaJsisarmii KiCTKOBOI TKaHUHU Ta
TOCUJIIOIOTH MiHepaJabHUI 00MiH y IITypiB 3 0CTEO-
mopo3oM. 30KpeMa, 3a il Jocaif:KyBaHUX IIpeIa-
patiB (6ichochonaru 1-12, 1-40 Ta 1-42) 3pocraB
BMiCT KaJIbIlito, ocariB i sSHUKyBaJIach aKTUB-
HicTh JIy:KHOI (pochaTasu Ta ii i3opopm y cupoBa-
Tri Kposi. IligBuImyBanucsa 30JbHICTH Ta BMiCT
KaJabIlifo i pocopy B 30J11 BEIUKOTOMIJIKOBOI Ta
creruoBoi kKictok. HailiBuiny aHTHUPe30pPOTUB-
HY e()eKTHUBHICTBL i 3IaTHiICTH, KOperyBaTu MiHe-
panbHUN 00MiH 3a aJiMeHTapHOTO OCTEOIOPO3Y,
B TOMY UYHCJIi ¥ BUINI 3a aHAJOTiUHi IOKa3HUKU
IperapaTiB IOPiBHAHHSA, IPOJEMOHCTPOBAHO AJIA
bicochouary I-12. BusBiaeHe cyTTeBe 3BHUIKEHHA
BMicTy 25-rigpokcuBitaminy D3 y cupoBarii Kpo-
Bi xapakTepusye 3HauHUU AedinuT Biraminy Dy
3a aJIiIMEHTapHOTO OCTEOIIOPO3Y, 1110 He KOMIIEH-
cyeThesa Oicochonaramu, a TOMY HOLAIBIIL T0-
CiI’KeHHA MaIOTh OyTH CIIPSIMOBAHI Ha TOEJHAHE
3acTocyBaHH:A OichocdoHATIB, AKi MPUTHIUYIOTH
AKTHUBHICTHL OCTEOKJIACTIB i 3MEHIIIYIOTh Pe30op-
6miro, Ta BiTaminy D3 — ocHOBHOIO peryJATopa
IPOIleCy PeMOJIeJIIOBaHHA KiCTKOBOI TKAHUHU Ta
aKTHBATOPa OCTEOCUHTERY.

Knaruwosi cnosea: uiTporenBmicui 6icdochoraTu

(mipasosBMicHI aHajsorm), ajdiMeHTapHUN OCTEO-
1Iopo3, MiHepanbHUN 00MiH, BiTamiH Ds.
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ITenbio paboThl OBLIO MCCIEMOBATH dPMOEKTUB-
HOCTH CUHTE3UPOBAHHBIX HUTPOTEHCOIEPIKAIUX
6r1cocoHaTOB KaK IIePCIeKTUBHBIX CYOCTAHITUI
JIEKapCTBEHHBIX CPEACTB B KOPPEKITMU HAPYIITeHUI
MIHepaJbHOTO 00MeHa IIpu ocTeomopose. Vccuemo-
BaHUS ITIPOBOAVIN HA MOJIEJIV aJIUMEHTAPHOTO OCTEO-
TI0p03a y KPbhIC, PA3BUTHE KOTOPOI'0 XapaKTepu3yeTcsa
TUIOKaIbIIeMuei, runodochaTeMmeii, CHUKEHIEM
comep:kanusa 25-TupokcuBuTamMuHa Dy B CBIBOPOTKE
KPOBU U BBIPAIKEHHON TeMUHEPATU3AIINeH KOCTHOM
TKaHU (CHUKAIOTCA 30JIBHOCTH U COJIEPIKaHNe MITHE-
PATbHBIX KOMIIOHEHTOB). ¥ CTAHOBJIEHO, UTO MCCJIELY-
eMble CUHTe3MPOBAaHHBIE HUTPOTEeHCOAePKaIIfie ouc-
docdoHaThI (ITPA30JICOAEPKAIIIIE AHAJIOTH), ITTOZ00HO
IpemnapaTaM CpaBHeHUA — MeTuiIieH6uchochoHaTy
(muHATPUEBOI cotu MeTUIeHOMCHOCHOHOBOM KUCIIO-
THI) 1 aJIeHAPOHATY (4-aMUHO-1-TUIPOKCUOY THINIEH-
6ucdochoHaTy), ¢ pa3HOii SPGHEKTUBHOCTHIO TOPMOSAT
TIPOIIeCC AeMUHEPATIU3aITUY KOCTHON TKAHU U YCUJIN-
BaIOT MUHEPAJIbHBIN 00MEH Y KPBIC C 0CTEOIOPO30M. B
YaCTHOCTH, IIPU JeHACTBUY HCCIEAYEMbIX IPerapaToB
(6ucdocponarsr 1-12, 1-40, 1-42) BospacTasio comep-
JKaHue KaabIind, (Poc(haToB 1 CHIXKAJIACh aKTUBHOCTb
mie04uHou (hpocarassl u ee 130(hOPM B CHIBOPOTKE
KpoBu. I1oBBITIAINCH 30JILHOCTD U COZIEPIKAHNE KaThb-
s 1 pocopa B 30J1e 6OIBITIE6EPITOBOM 1 OeIPEeHHOM
Kocreti. Hanbosee BhICOKME aHTUPE30POTUBHAA (-
(hbeKTUBHOCTh U CIIOCOOHOCTH KOPPEKTHUPOBATL MHU-
HepaJIbHBIN 00MEeH IpU aJINMEHTAPHOM OCTEOIIOpO-
3e, B TOM YHCJIe U BBIIIIE aHAJIOTUYHBIX TIOKA3aTeJIel
IIperapaToB CpaBHEHUS, IIPOAEMOHCTPHUPOBAHBI I
o6uchochonara I-12. O6HapPy:KEeHHOE CYIIIeCTBEHHOE
CHIIKEHUE cofieprKaHus 25-runapokcuBuramuba Dy B
CBIBOPOTKE KPOBU OTPaKaeT 3HAUNTEIbHBIN AeUITAT
BuTamMuHA D3 Ipy amMeHTapHOM OCTEOIIopo3e, KOTO-
PbIii He KoMIeHcupyeTces ouchochoHaTamMu, II03TOMY
JTaJIbHEHIIe UCCAeN0BAaHUA O KHbBI ObITH HaIIpaBJe-
HBI Ha COYETAHHOe IpuMeHeHre 6rcdochoHaTOB, I10-
JABJIAIOIINX aKTUBHOCTH OCTEOKJIACTOB 1 YMEHBIIIAI0-
IUX pesopoIuio, 1 BuTaMuHa D3 — OCHOBHOTO pery-
JIATOPA IIPOITecca PEMOIEINPOBAHS KOCTHOM TKAHY 1
aKTUBaTOPA OCTEOCHTE3A.

Kniwouesvle cnoéa: HUTPOTEHCOAEpKAIIIe OwMcC-
dochonarel (mupasojcomepsKalie aHaJOTH),
aJMMEeHTapHBIA OCTEOIIoOP03, MHUHepPaJbHbIN
obmeH, BuTamMuH Dg.





