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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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centri) reanimaciul ganyofilebebSi Catarda 
kvleva SemTxveva-kontrolis meTodiT. Seswav-
lilia K. pneumoniae-s gamoyofili kulturebis 
antibiotikebisadmi mgrZnobeloba disk-difuziis 
meTodisa da E-testis saSualebiT. pirvelad saqa-
rTveloSi gamokvleulia CR K. pneumoniae-s kul-
turebi polimerazulი jaWvuri reaqciiT KPC, VIM, 
IMP, NDM da OXA karbapenemazebis Semcvelobaze. 
izolirebuli iyo K. pneumoniae-s 46 Stami, maT 

Soris 20 (43.5%) iyo karbapenem-rezistentuli. 
yvelaze xSirad CR K. pneumoniae-s Stamebi gamoi-
yofoda ventilatorul-asocirebuli pnevmoniiT 
daavadebuli pacientebisagan. CR K. pneumoniae-s 
ZiriTad risk-faqtorebs warmoadgenen filt-

vebis xelovnuri ventilacia (OR 30.4, 95% CI 3.504-
263.752, p=0.0003), nazogastraluri zondi (OR 17.0, 
95% CI 3.202-90.257, p=0.0002), centraluri venuri ka-
Teteri (OR 10.06, 95% CI 1.152-87.849, p=0.028) da an-
tibiotikebis miReba (OR 10.059, 95% CI 1.152-87.849, 
p=0.028), gansakuTrebiT karbapenemis da mesame 
Taobis cefalosporinis. CR K. pneumoniae-s izo-
latebs Soris yvelaze gavrcelebulia OXA-ma-
producirebeli, SedarebiT iSviaTia NDM-mapro-
ducirebeli. 

CR K. pneumoniae-s gavrcelebis kontrolisTvis 
aucilebelia samedicino dawesebulebebSi in-
feqciebis kontrolis gaZliereba da pacientebis 
skriningi CR K. pneumoniae-s adreul gamosavlenad. 

INTERACTIONS OF RANKL, OSTEOPROTEGERIN AND ADIPOKINES IN REGULATION 
OF BONE REMODELING IN EXPERIMENTAL CHRONIC KIDNEY FUNCTION DISORDER 

1Goncharova A., 2Pavlov S., 2Kumetchko M., 3Berezniakova M., 3Yeriomenko R.

¹Kharkov National Medical University; ²Kharkov Medical Academy of Postgraduate Education; 
3National University of Pharmacy, Ukraine

Bone and kidneys have close physiological relations. So, if 
initial pathological changes are in one of them, other is being 
involved in the pathogenesis. Kidney impairment causes bone 
remodeling disorders and osteoporosis development. 

RANK-RANKL-osteoprotegerin (OPG) axis is considered 
as a key direction in the cytokine network of regulatory signal-
ing pathways of bone remodeling. Receptor activator of nuclear 
factor-kB ligand (RANKL) enhances osteoclast resorptive ac-
tivity in bone. It is expressed in osteoblasts, stromal cells, T-
lymphocytes and other cells. OPG is RANKL receptor trap and 
its function in bone remodeling is to inhibit RANKL activity by 
blocking its binding with RANK thus preventing osteoclast dif-
ferentiation [26]. RANKL increase usually occurs in bone loss 
[33]. 

RANKL and OPG are the regulators not only of bone turn-
over, but also of bone-renal and bone-immune cross talks [31, 
32], vascular calcification and even development of metastases 
in cancer [14, 15, 24, 34]. There is growing evidence that these 
molecular markers are suggested to be the triggers in cytokine 
networks, which perform interrelations between bone, kidneys 
and vasculature [23, 37]. It is possible that in certain circum-
stances they are able to switch the systems mentioned above into 
the mode which can result in the development of pathology.

Increased RANKL level in blood and its expression in cells 
have been revealed in kidney disorders [36]. These three sys-
tems – bone, kidney and vasculature – interact with each other 
via the regulatory triade RANK-RANKL-OPG axis and the 
character of RANKL participation is inflammatory. RANKL is 
the TNF family member and its activity has the same direction 
as TNFα, IL-1α and other proinflammatory cytokines [4, 7]. The 
role of inflammation in the bone-vascular axis was shown in 
chronic kidney disease (CKD) [30]. It is one of the risk factors 
of bone disorders and osteoporosis development and is closely 
connected with acute kidney injury and renal insufficiency in its 
pathogenesis. These are two interconnected syndromes, which 
mechanisms of transition are under consideration [9, 11, 22]. 
Experimental acute kidney injury initiates CKD in rats [1].

Studying of the role of RANKL and OPG and their relation-
ship in regulation of different parameters of homeostasis is of 
great importance for understanding of their biological role and 
for new possibilities of correction of many pathological states, 
especially such as CKD and acute kidney injury.

Besides this, RANKL is a link of a signaling pathway, which 
is connected with adipokines. Adipokines are also involved in 
the bone remodeling regulation. Now their role is studied in con-
nection with metabolic syndrome, obesity and diabetes mellitus, 
which also are etiologic factors of osteoporosis development. 
Adiponectin is the adipokine, which provides insulin sensitiv-
ity. The data on the nature of its influence on bone remodeling 
are controversial, insulin and insulin growth-factor receptors are 
implicated in the activation of Akt and extracellular-signal-regu-
lated kinases which may be the mechanism of RANKL function 
[35]. Visfatin has insulin-mimetic properties, correlating with 
markers of systemic inflammation and is connected with vascu-
lar damage [25].

The major goal of this study was to investigate the role of 
RANKL, OPG and adipokines adiponectin and visfatin and their 
relationships in experimental chronic kidney function disorder.

Material and methods. Two groups of 9-month-old fe-
male rats (control (20 animals) and experimental (20 animals)) 
weighing 210 ± 30 g were used in this study. The maintenance, 
use, and treatment of all animals in this study were in accor-
dance with the principles of the European Convention on the 
Protection of Vertebrate Animals (Strasbourg, 1986). The ani-
mals were given standard laboratory feed and water and kept in 
a room with the temperature of 22 ± 4 °C and the light on from 
7:00 to 19:00.

It was created an acute kidney injury with a single intramus-
cular 50% glycerol injection in dose of 1.0 ml/100 g weight of 
the animal as described [1]. In this experimental model chronic 
impairment of renal excretory function develops in 8 weeks after 
glycerol injection. 

The control group consisted of intact animals. Blood samples 
were collected through heart puncture of the narcotized with 
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chloroform rats before being sacrificed with excess amounts of 
anesthetic after 12 weeks on glycerol injection. 

Chronic kidney function disorder was verified morphologi-
cally by hematoxylin–eosin and Van Hizon staining. The impair-
ment of bone remodeling was controlled by direct measurements 
of the bone density which was calculated as a ratio between the 
bone mass (g) and the bone volume (cm3). The bone volume was 
measured by the liquid replaced [2].

Serum RANKL was measured using an ampli-sRANKL ELI-
SA (Biomedica (Austria)). Serum osteoprotegerin was measured 
using an osteoprotegerin ELISA (eBioscience (Austria)). Serum 
adiponectin was measured using an adiponectin ELISA (Bio-
Vendor (Brno, Czech Republic)), and serum visfatin was mea-
sured using a visfatin ELISA (RayBio set (the USA)).

All the experimental data are presented as the mean±SEM. 
The statistical analyses were performed by Statistica 6.0 pro-
grams. The significance was considered at p<0.05. 

Results and their discussion. Though CKD is a result of 
many underlying risk factors its common features include renal 
interstitial fibrosis, tubular epithelial cell loss through apopto-
sis, glomerular damage, and renal inflammation [21]. The basis 
of acute kidney injury are dystrophic and necrotic processes in 
the proximal and distal tubules epithelium, and the transition to 
the stage of chronic kidney disease is characterized by the for-
mation of interstitial nephritis and nephrosclerosis [1]. CKD is 
characterized by reduction in glomerular filtration rate (GFR), 
albuminuria, and structural or functional abnormalities of the 
kidney [17]. In glycerol injection kidney injury model such 
structural and functional abnormalities of the kidney (reduction 
in GFR, blood and urine creatinin increase) were described [1]. 
Administration of glycerol results at first in dystrophic changes 
in tubules and glomerular hypertrophy and reduction of the glo-
merular sizes, tubulointerstitial fibrosis and glomerulosclerosis 
at a stage of chronic kidney disease which develops in 8 weeks 
after glycerol injection as it was said before.

Lesion of bone remodeling was demonstrated in rats with 
chronic kidney disorder. We observed decreasing of hip bone 
density (1,43±0,07 g / cm3 in rats at 12 weeks after 50 % glycerol 
injection, comparing with rats of control group with 1,62±0.04 
g / cm3 (p<0,05)).

Kidney impairment results in changes of cytokines profile in 
experimental animals which are expressed both in cytokines lev-
els increase and the changes of the correlations between them 
and the directions of their effects. 

Chronic kidney function disorder in rats increased RANKL, 
OPG and adipokines levels comparing with control group: 
RANKL level was increased on 38,1 %, OPG – 31 %, adiponec-
tin – on 15 % and visfatin in 1.98 times (Table).

Studying of dependence of these cytokines revealed existence 
of the weak positive correlation of RANKL with adiponectin 
levels (r=0.30), weak positive correlation of RANKL with vis-

fatin levels (r=0.36) in the intact animals of the control group. 
This fact demonstrates that the effects of these cytokines are uni-
directional. It was no correlation of OPG with RANKL and both 
adipokines in the intact animals.

Medium strength correlation of RANKL level with adiponec-
tin one and change of its direction (r=-0.63), slight increase of 
correlation strength (r=0.48) in RANKL with visfatin level was 
found in rats with chronic kidney function disorder. Also, it was 
revealed appearance of medium strength positive correlation of 
RANKL with OPG level (r=0.59) and medium strength negative 
correlation (r=-0.79) of adiponectin with visfatin level in rats 
with chronic kidney function disorder model.

These changes can reflect engagement of certain links of ad-
aptation mechanisms in the functional system of maintaining 
balance of bone remodeling.

Mechanism balancing bone formation and resorption has 
both sides regulating levers. RANKL is a stimulator of the latter 
one and the opposite side is presented not by a certain cytokine 
but the totality of them. Their net effect on the bone formation 
should be expressed in changes of osteoblast activity. RANKL 
regulates the process that underlies the control loop and can be 
enhanced or reduced by the work of other regulatory links prob-
ably connected by feedback mechanisms with each other. They 
are OPG and adipokines. OPG represents an independent direc-
tion unlike the system of adipokines.

Under physiological conditions OPG contribute compensa-
tory effects into bone turnover, opposite to RANKL effects. It 
also affects the normal state of the vascular wall by inhibiting 
vascular calcification and modulating inflammation. In situation 
of pathology especially CKD it takes part in functional adap-
tations leading to the progression of disease. Circulating OPG 
in humans is associated with the presence of CKD. It was in-
creased in such patients and has the potential of inducing kidney 
damage. Here the inflammation may be the underlying mecha-
nism in OPG increase in CKD as OPG production is under the 
regulation by proinflammatory cytokines [6, 18].

These facts are consistent with our results showing increase of 
OPG in CKD rats. It may be interpreted as compensatory OPG 
effect to damaging of vessels by inflammation if latter is primary 
process in the sequence of regulatory events (this issue is not yet 
clear) and to vascular calcification. 

Also, in chronic kidney disorder increase of OPG level may 
be interpreted as compensatory effect of RANKL increase be-
cause OPG is a decoy receptor for RANKL and prevents bone 
resorption strengthening. In control group resorption processes 
are balanced with bone formation, so this mechanism of homeo-
stasis restoring is not necessary.

Thus, the modeling of chronic kidney disorder causes inflam-
matory processes in the kidneys, which in turn can activate in-
tracellular integrating mechanisms which are the triggers of the 
majority of the signaling pathways regulating many metabolic 

Table. Levels of cytokines in RANKL-RANK-osteoprotegerin signaling pathway and adipokines 
in rats with the chronic kidney function disorder model

Cytokines
Group

Control Chronic kidney function disorder
RANKL, pmol/L 0.131±0.033 0.184±0.071*

Osteoprotegerin, pg/mL 21.588±0.763 28.338±1.223*
Аdiponectin, mkg/mL 0.663±0.008 0.767±0.013*

Visfatin, ng/mL 141.606±8.69 279.935±10.153*
* - statistically different (p <0,05) compared to control group
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processes. In particular, we can talk about the NF-kB signaling 
pathway activated by RANKL, which is involved in the pro-
cesses of inflammation and bone resorption. Fact of revealed 
appearance of positive correlation of RANKL with OPG level 
can reflect turning on of certain may be additional or indirect 
regulating pathways where these cytokines are in the central 
controlling positions. 

Complex interrelations of bone and vascular system don’t al-
low to define what is the cause and what is the consequence: 
whether RANKL and OPG are independent of vascular calci-
fication processes or they are the reason of these processes and 
what is the role of inflammation. RANKL can directly stimulate 
vascular calcification and OPG inhibits it [20]. RANK- RANKL 
– OPG axis can regulate bone turnover, inflammatory processes 
and vascular calcification in CKD by activation of simultaneous 
work of certain signaling pathways and this mechanism is stay-
ing unclear yet.

The nature of the established relationship between the 
RANKL and adipokines in chronic kidney disorder model de-
pends, probably, on various reasons. In this case, inflammatory 
reactions initiated by renal insufficiency became the cause of the 
activation of bone resorptive processes. The signaling NF-kB 
pathway is the integrating mechanism connecting inflammatory 
and bone resorptive processes. Inflammatory reactions possibly 
deepen the background physiological signaling activity of the 
NF-kB. Thus, inflammatory osteolysis is induced [3]. In their 
turn, osteoblasts increase the RANKL production under the pos-
itive feedback principle. That is proved by the results obtained. 
Apparently, the increased level of visfatin is connected with 
inflammatory reactions. As described above, the inflammatory 
agents increase the visfatin production by the macrophages [8].

Direct physiological correlation between adiponectin and 
RANKL levels discovered in the intact rats changes its direction 
under the conditions of inflammation.

There are the cross-links between adiponectin and RANKL / 
RANK signaling pathways in the osteoclasts. It is well known 
that adiponectin inhibits RANKL-induced osteoclastogenesis 
and suppresses enhanced by RANKL expression of osteoclast 
regulators including NFAT2, TRAF6, cathepsin K and tartrate 
resistant acid phosphatase, and increases osteoclasts differentia-
tion and activity. Adiponectin inhibitory effect on osteoclasts is 
induced by APPL1- mediated suppression of RANKL-depen-
dent Akt 1 activity. APPL1 is the key adapter protein that in-
teracts with adiponectin receptors and mediates in adiponectin 
signaling and coordination of various signaling pathways. Akt 
1 is a protein kinase. Its increased activity supports osteoclast 
survival and differentiation. A decrease in Akt 1 activity is the 
main cause of adiponectin mediated inhibition of osteoclast for-
mation [28].

According to [19], adiponectin may normally provide a regen-
erating effect on the bone. It has a positive modulatory effect on 
osteoblasts, inhibits differentiation of macrophage precursors of 
osteoclasts and suppresses the resorptive activity of osteoclasts.

Thus, adiponectin normally has the multidirectional effects on 
the bone metabolism. At the same time the realization of these 
effects takes place at the different levels: from the cellular to 
the system-level. Adiponectin is able to regulate the same func-
tion in two opposite ways depending on the site of its action. It 
has partially opposite to leptin effect on the sympathetic nervous 
system, that is adiponectin antagonizes leptin regulation of the 
sympathetic tone. Adiponectin decreases the sympathetic tone, 
thereby increasing bone mass and decreasing the energy expen-
diture. It takes part in signaling in neurons of the locus coeruleus 

through FoxO1. Locally adiponectin signals to the osteoblasts, 
thereby preventing their proliferation and promotes their apop-
tosis, thus reducing bone mass and circulating osteocalcin level. 
Adiponectin performs this function regardless of known recep-
tors and signaling pathways due to decreasing of FoxO1 activity 
in the PI3 kinase - FoxO1 way [13].

Most likely, RANKL may realize its effect partially regard-
less of adiponectin and to some extent they act cooperatively, as 
RANKL is produced by osteoblasts, and adiponectin may down-
regulate RANKL because its place is above the RANKL in the 
signaling cascade. 

In the intact animals the relationship between adiponectin and 
RANKL were unidirectional, that is adiponectin probably stimu-
lated the expression of RANKL in osteoblasts, but the process was 
balanced with the stimulation of osteoblast proliferation and dif-
ferentiation. In the chronic kidney function disorder model opposite 
effects of these cytokines may indicate the predominance of another 
adiponectin effect on osteoblasts, when it decreases FoxO1 activity 
in PI3 kinase - FoxO1 signaling pathway. Thus, osteoblast prolif-
eration is inhibited and apoptosis is activated.

The impairments caused by kidney disease can change the 
fate of specific signaling pathways that are involved in the regu-
lation of the bone cells activity. We can suggest that the mode 
of the RANKL-adiponectin bone regulation mechanisms func-
tioning is changed in chronic kidney function disorder model. 
Adiponectin can have both direct and indirect effects on bone 
remodeling regulation in this pathology. But possibly adiponec-
tin has rather opposite to RANKL effect here.

In chronic kidney function disorder model the appearance of 
a negative correlation between the levels of adiponectin and vis-
fatin and change of correlation direction between RANKL level 
and adiponectin one can evidence visfatin effect has the same di-
rection as RANKL. Visfatin is involved in regulatory processes 
of tissue remodeling through the development of inflammatory 
response likely via the mechanisms of regulation of central tran-
scription factor – NF-kB [16]. It can directly impair vascular 
reactivity and is connected with endothelial dysfunction [27, 
29]. Increased visfatin level is associated with GFR decline rate 
and future progression of kidney disease in nondiabetic hyper-
tensive patients with preserved renal function [10]. Thus, it is 
possible to suggest that visfatin in conditions of chronic kidney 
disorder may have rather damaging effect as on bone remodel-
ing so on the endothelium. Although some data state that it in-
hibits the early stages of osteoclastogenesis by downregulating 
RANKL-dependent early signaling pathways JNK, Akt and its 
downstream target GSK3β, Btk and PLCγ2 [5]. But the data are 
not connected with visfatin role in CKD.

So, inflammatory responses in the chronic kidney disorder 
model induce the increase in resorptive activity which is stimu-
lated by an increased RANKL level. Also, the increase in adi-
ponectin and visfatin takes place. The character of the relation-
ship between adiponectin level and osteoclasts activity changes. 
Osteoprotegerin and RANKL levels, as well as adiponectin and 
visfatin levels become bounded together in this disorder.

Thus, chronic kidney disorder model causes some changes 
in regulatory cytokines interrelationships. RANKL and visfa-
tin acts unidirectional, more likely as damaging factors because 
of their inflammatory character. OPG has the same direction of 
action and may also impair vascular wall state but compensate 
the RANKL effect of bone resorption. Adiponectin in chronic 
kidney disorder model has complex role opposite to the above-
mentioned cytokines, that is in accordance with literature [12].

Conclusion. Chronic kidney disorder model results in the in-
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crease in RANKL / RANK / osteoprotegerin signaling pathway cy-
tokines and adipokines and in certain changes of their relationships 
and effects direction. Regulatory mechanisms of bone remodeling 
and vascular wall state are disturbed by proinflammatory directed 
effects of RANKL and visfatin, controversial effects of osteoprote-
gerin and adiponectin bone preserving effects.
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SUMMARY

INTERACTIONS OF RANKL, OSTEOPROTEGERIN AND ADIPOKINES IN REGULATION 
OF BONE REMODELING IN EXPERIMENTAL CHRONIC KIDNEY FUNCTION DISORDER 

1Goncharova A., 2Pavlov S., 2Kumetchko M., 3Berezniakova M., 3Yeriomenko R.

¹Kharkov National Medical University; ²Kharkov Medical Academy of Postgraduate Education; 
3National University of Pharmacy, Ukraine

RANKL and osteoprotegerin are the key cytokines of the axis 
regulating not only bone remodeling but also bone-kidney in-
terrelations. They are connected with adipokines in the regula-
tory actions. The aim of the article was to investigate the role 
of the main parts of RANK-RANKL-osteoprotegerin axis and 
cytokines of additional link of regulatory network – adiponec-
tin and visfatin and the interrelationship of these cytokines in 
chronic kidney disorder model in rats. Chronic kidney disorder 
model was created in the rats 12 weeks after intramuscular 50 % 
glycerol injection-induced acute kidney injury. RANKL, osteo-

protegerin, adiponectin and visfatin levels was measured using 
ELISA. Increase of all cytokines and changes of their interre-
lations has been revealed in rats with chronic kidney disorder 
model. Conclusion was made that effects of the cytokine axis 
where RANKL is a trigger in the regulation network of intercon-
nections «bone – kidney» has inflammatory character, so as vis-
fatin effect, and adiponectin has opposite preserving bone effect.

Keywords: bone remodeling, chronic kidney function disor-
der, cytokines, adipokines.

РЕЗЮМЕ

ВЗАИМОДЕЙСТВИЯ RANKL, ОСТЕОПРОТЕГЕРИНА И АДИПОКИНОВ В РЕГУЛЯЦИИ КОСТНОГО РЕМО-
ДЕЛИРОВАНИЯ ПРИ ЭКСПЕРИМЕНТАЛЬНОМ ХРОНИЧЕСКОМ НАРУШЕНИИ ФУНКЦИИ ПОЧЕК

1Гончарова А.В., 2Павлов С.Б., 2Кумечко М.В., 3Березнякова М.Е., 3Еременко Р.Ф.

¹Харьковский национальный медицинский университет; ²Харьковская медицинская академия 
последипломного образования; 3Национальный фармацевтический университет, Украина

RANKL и остеопротегерин являются ключевыми ци-
токинами оси, регулирующей не только ремоделиро-
вание костной ткани, но также и взаимосвязи костной 
ткани с почками. В своих регуляторных действиях они 
связаны с адипокинами. 

Целью данного исследования явилось опреде-
лить роль основных участников оси RANK-RANKL-
остеопротегерин и цитокинов дополнительного звена 
регуляторной сети - адипонектина и висфатина и вза-
имосвязь этих цитокинов на модели хронического на-
рушения функции почек у крыс. Модель хронического 
нарушения функции почек у крыс создана спустя 12 

недель после острой почечной недостаточности, вы-
званной внутримышечной инъекцией 50% глицерина. 
Уровни RANKL, остеопротегерина, адипонектина и вис-
фатина измеряли методом ИФА. Увеличение количества 
цитокинов и изменения в их взаимосвязи выявлены у 
крыс с моделью хронического нарушения функции по-
чек. Сделан вывод о том, что эффекты оси цитокинов, 
где RANKL является триггером, в сети регуляции меж-
клеточных связей «костная ткань - почки», имеют вос-
палительный характер, так же, как и влияние висфатина, 
а адипонектин оказывает противоположный сохраняю-
щий костную ткань эффект.

reziume

RANKL, osteoprotegerinisa da adipokinis urTierTqmedeba Zvlis remodelingis regulaciaSi 
Tirkmlis funqciis qronikuli ukmarisobis dros eqsperimentSi.

 a. gonCarova, s. pavlovi, m. kumeCko, m. berezniakova, r. eremenko

xarkovis erovnuli samedicino universiteti, xarkovis diplomisSemdgomo ganaTlebis 
samedicino akademia, erobnuli farmacevtuli universiteti, ukraina.

osteoprotegerini da RANKL warmoadgenen 
sakvanZo citokinebs im RerZisa, romelic aregu-

lirebs Zvlovani qsovilis aramxolod remode-
lirebas, aramed mis urTierTqmedebas Tirk-
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mlebTan. am aqtivobaSi isini ukavSirdebian 
adipokinebs. 
naSromis mizania ganisazRvros  RANKL-

RANKL-is osteoprotegerinis RerZis ZiriTadi 
rgolebisa, da citokinebis damatebiTi saregula-
cio qselis komponentebis - adiponeqtinisa da 
visfatinis roli da am citokinebis urTierT-
qmedeba virTagvis Tirkmlis funqciis qronoku-
li ukmarisobis modelze. modeli ganxorcielda 
mwvave ukmarisobidan me-12 kviras, rac gamowveuli 

iyo glicerinis 50% xsnaris inieqciiT kunTebSi. 
osteoprotegerinis, RANKL, adiponeqtinisa da 
visfatinis done ganisazRvra imunofermentuli 
analiziT.
dadgenilia,rom citokinebis RerZis efeqti, 

romelSic RANKL trigers warmoadgens, ,,Zvlova-
ni qsovili - Tirkmeli" urTierTregulaciaSi 
vlindeba anTebiTi procesiT, iseve rogorc vis-
fatinisa, xolo adiponeqtini Zvlovan qsovilze 
avlens sapirispiro damcvelobiT zemoqmedebas.

SYNTHESIS OF THE NEW 2-(3,4-dihydro-3-oxo-2H-[1,2,4]triazino[4,3-c]quinazolin-4-yl) ACETIC ACID 
DERIVATIVES AND ANALYSIS OF THEIR ANTIOXIDANT ACTIVITY 

IN NITROSATIVE STRESS MODELS 

1Belenichev I., 3Gorchakova N., 4Puzyrenko A., 2Kovalenko S., 1Bukhtiayrova N. 

Zaporozhye State Medical University, 1Department of the Pharmacology; 2Department of the Organic and Bioorganic Chemistry, 
3Bogomolets National Medical University, Department of the Pharmacology, Kiev, Ukraine;

 4All Saints University School of Medicine Department of the Pharmacology, Dominika 

Neuroprotection and antioxidant treatment today are a perspec-
tive and proved direction because neurodestruction due to activa-
tion free radical oxidation can provoke the permanent loss of motor 
or mental function. Nitric oxide (NO·) can play the role of a modu-
lator as active free radical in the central nervous system. In CNS 
pathology nitric oxide can be a pathogenic factor of changes inside 
the cells during cerebral ischemia [1,2]. In the acute phase of isch-
emia NO· plays a neuroprotective role but then especially in reper-
fusion (recirculation) period NO· effect becomes neurotoxic [3,4]. 
Especially at that moment in the nerve cells oxidative-nitrosative 
stress develops where reactive nitrogen species act together with 
reactive oxygen species. It results in nitration of the metal groups 
in enzymes and causes their dysfunction. It also causes nucleic acid 
fragmentation, decreasing NAD+ and ATP level in the cells, inhibi-
tion of mitochondrial enzymes activities [5].

Major aggressive factor during this oxidative-nitrosative 
stress is peroxynitrite (ONOO-) due to extra production NO·. 
As a strong oxidant peroxynitrite damages different biologically 
active molecules and cell organelles. Also ONOO- reacts with 
superoxide dismutase’s active center and produces toxic nitro-
sonium (NO+) which nitrosizes phenol groups of amino acids 
(including tyrosine). These impulses in the cells can start their 
apoptosis [6,7]. So investigation of the antioxidants which will 
be able to decrease NO· and ONOO- toxicity (especially towards 
superoxide dismutase) seems to be very of current interest.

[1,2,4]triazino[4,3-c]quinazoline represents a scantly explored 
group of biologically active substances. It was established that 
derivatives of 3,4,6,7-tetrahydro- and 3,4-dihydro-2H-[1,2,4]
triazino[4,3-c]quinazolines could potentiate barbiturate action 
and also showed antidepressant, anti-inflammatory and analge-
sic activity.

So we conducted investigation antioxidant activity of 
the nine new original derivatives of 2-(3,4-dihydro-3-oxo-
2H-[1,2,4]triazino[4,3-c]quinazolin-4-yl)acetic acid in vitro 
and in vivo by using two nitrosative stress models. We stud-
ied protective effects of these acid derivatives on superoxide 
dismutase (SOD) activity under conditions of excessive NO· 
and ONOO- production.

Materials and methods. In vitro study
In the first experimental model, the antioxidant activity of 

compounds was estimated in vitro with NO· induction [8]. NO· 
induction was performed under the action of light on sodium 
nitroprusside sample (the light source was 300W, wavelength 
> 425nm). The light ray was focused on the sample with the 
help of a lens. To remove the thermal effect, the ray was di-
rected through the water filter. We used a water solution of so-
dium nitroprusside Na2[Fe(NO)(CN)5]×2H2O (1.0 mM) which 
was radiated in quartz flask lasting 30min. The efficiency of NO· 
generation (control) and antioxidant activity of the investigated 
substances were measured by oxidation rate of ascorbic acid (40 
mM, wavelength = 265 nm). The investigated substances were 
added to the samples before radiation at a concentration 10-6M. 
Antioxidant activity was expressed in percent of inhibition of 
ascorbic acid oxidation.

In vivo study. In second experimental model, investigation 
was carried out in the brain supernatant obtained from the white 
Wistar rats (male, 200-250g, 4.5 months old). The rats were sup-
plied by the Institute of Pharmacology and Toxicology of the 
Academy of Medical Sciences of Ukraine, Kyiv. All procedures 
were conducted accordingly with the Directive 2010/63EU of 
European Parliament and Council regarding the protection of 
animals used for experimental and other scientific purposes (Za-
porozhye State Medical University Ethics Committee permit 
No. 62 from 05.IV.2017). The rats were assigned to individual 
housing in stainless steel, wire-bottomed cages. The quarantine 
period for all animals was fourteen days. The animals were ex-
amined every day regarding the general state, health and death 
rate. Cages with animals were placed in separate rooms. Light-
ing was maintained at the 12h light and 12h dark cycles. The 
temperature was within 19-25С°, humidity – 50-70%. The ven-
tilation was set at 15 air volumes per hour and provided a con-
centration of CO2 no more than 0.15%, ammonia – no more than 
0.001 mg/l. Water (processed by reverse osmosis) and food were 
available ad libitum from individual bottles and feeders. 

In the day of the experiment after reaching the deep anesthe-
sia with sodium pentobarbital (40.0 mg/kg) rat’s cranium was 


