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The problem of pharmacological pro-
tection of the body from complications
of hypoxic conditions of wvarious ori-
gins is relevant and requires imme-
diate solution. The most vulnerable to
exogenous hypoxia are people engaged
in extreme types of occupational acti-
vities (miners, divers, submariners,
pilots, firefighters, rescuers, etc.), in
the conditions of abnormal operation of
the oxygen supply system in confined
spaces. This form of acute oxygen defi-
ciency is better known as confined
space hypoxia (CSH) [1-3].

The drugs with antihypoxic effects
available to general practitioners do
not fully meet the requirements and
demands of practical medicine due to
low therapeutic and prophylactic effi-
cacy, small breadth of therapeutic
action and numerous reactions [4].

Thus, the need to find and develop
highly effective and safe antihypoxic
drugs is not in doubt and has long been
the subject of research for scientists in
various fields, and also is a particu-
larly important task of pharmacologi-
cal science.

Today, in terms of the search for
new drugs with high antihypoxic poten-
tial, the most promising are heterome-
tallic complexes of germanium and
3d-metals (zinc, copper, manganese)
with citric and tartaric acids, which
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are notable for a variety of pharmaco-
dynamic effects, acceptable pharmaco-
kinetic profile and relative harmless-
ness [5].

Previously performed toxicometric
[6] and screening studies [7] of poten-
tial antihypoxants in a number of
bimetallic complexes of germanium
(IV) with anions of citric and tartaric
acids under CSH model experimentally
proved high antihypoxic activity and
harmlessness of the coordination com-
pound of germanium with manganese
based on tartaric acid [manganese (II)
tartrate germinate (IV)] under the lab-
oratory code OKAGERM-4, which was
first synthesized in the laboratory of
the Department of General Chemistry
and Polymers of Odessa Mechnikov
National University under the leader-
ship of prof. I. Y. Seifullina.

The aim of the study — to carry out
comparative pharmacokinetic analysis
of OKAGERM-4 at the stage of its
elimination from the central chamber
under normal conditions and CSH
model.

Materials and methods. The experi-
ments were performed on 48 white
nonlinear rats of both sexes weighing
170-200 g after quarantine. The ani-
mals received a standard diet in the
form of granular feed according to
established norms and free access to
water. The research was conducted in
the SI «Institute of Pharmacology and
Toxicology of the National Academy
of Medical Sciences of Ukraine» in
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accordance with the guidelines of the
State Enterprise «State Expert Center
of the Ministry of Health of Ukraine».
The study protocol complies with the
bioethical standards and provisions of
the European convention for the pro-
tection of vertebrate animals used for
experimental and other scientific pur-
poses (Strasbourg, 1986), as well as the
Law of Ukraine No. 3447-1V «On Pro-
tection of Animals from Cruel Treat-
ment» of February 21, 2006.

Experimental animals were random-
ly divided into two groups: animals
without pathology (normal) and experi-
mental animals (CSH). The experimen-
tal model was a pathological process
that develops in animals in confined
spaces. CSH simulations were per-
formed by placing rats for 25 min in
glass sealed containers (10 cm?), which
were turned upside down and immersed
in a tray with water, which was used as
a hydraulic lock.

OKAGERM-4 was injected to the
rats of both groups once intraperito-
neally according to the dosage regimen
previously developed by us in pharma-
cometric studies [8]: 96.8 mg/kg as a
1 % aqueous solution 40 min before the
start of CSH simulation. Blood sam-
pling of rats was carried out in the
dynamics: 45 min, 3 h, 6 h and 24 h
after OKAGERM-4, the content of
which in the blood was determined
using a validated method by the amount
of germanium in the biological mate-
rial [9] on a spectrophotometer Smart-
Spec™ Plus Spectrophotometer (Bio —
Rad Laboratories, Inc, USA).

The following pharmacokinetic
parameters characterizing the process
of OKAGERM-4 elimination from the
central chamber were determined: half-
life (t, Jop h), elimination rate constant
(K, h™), mean residence time (MRT, h)
and total clearance (Cl,, mL/h/kg); the
parameters were calculated by the com-

puter program Phoenix WinNonLin 8.1
(Pharsight Corp., Certara L.P, USA)
[10] using a two-compartment model
[11].

Statistical processing of the data
obtained was performed using the pro-
gram StatSoft Statistica 10. Before
applying the statistical criteria, the
hypothesis of the normal law of distri-
bution of random variables according
to the Shapiro — Wilk criterion (sig-
nificance level 0.01) was tested. Since
all the above parameters are subject to
the normal distribution law, Student’s
t-test (significance level 0.05) was used
for comparison.

Results and their discussion. Calcu-
lations of a number of pharmacokinetic
parameters characterizing the intensi-
ty of the process of OKAGERM-4
elimination from the body of rats with-
out pathology and with the modeled
form of hypoxia were performed on the
basis of pharmacokinetic curves
obtained in semi-logarithmic coordi-
nates, presented in Figure. For the
most part, the pharmacokinetic curves
obtained are presented in the form of a
straight line depicting the linear depen-
dence of the elimination process of
studied antihypoxant under normal
conditions and in CSH.

The comparative analysis of the cal-
culated pharmacokinetic parameters of
OKAGEM-4 elimination from the cen-
tral chamber under normal conditions
and CSH (Table) shows that the rate of
the studied process remains almost the
same, which is actually confirmed by
the values of the rate constants.

Thus, the acute form of modeled
hypoxic syndrome (CSH) does not have
a significant effect on the rate of elimi-
nation processes, which directly depend
on the intensity of biotransformation
and excretion of potential antihypoxant.

The assessed half-life values in the
groups of «normal» animals and those
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Figure. Pharmacokinetics of OKAGERM-4 in semi-logarithmic coordinates in the normal blood
and under the conditions of CSH after single intraperitoneal injection to rats at a dose of

who underwent hypoxia were very close
and amounted to 11,33 and 11,83 h,
respectively. This state of affairs was
highly expected, since the values of
t1/2[3 and K, have an inverse and close
mathematical interdependence. There
were also no significant effects of CSH
on the nature of clearance in both
study groups of animals, the values of
which were — 1,37 mL/h/kg (norm)
and 1,42 mL/h/kg (CSH). In addition,
similar values of the mean residence
time (7.30 and 7.36 h) of OKAGERM-4
were identified in the studied groups
of animals.

It should be noted that according to
all pharmacokinetic parameters that
characterize the elimination process of
OKAGERM-4 from the central chamber
(t, Jop? K, ClL, MRT) there is no sig-

£

nificant difference (P > 0.05) between
the groups of «normal» animals and
those exposed to acute hypoxic hypoxia
with progressive hypercapnia.

In order to interpret the data
obtained in the experiment as correctly
as possible, we find it necessary to con-
sider the functional state of those
organs that participate in the xenobio-
tics elimination processes, i. e. liver
and kidneys under the conditions of
modeled pathology of hypoxic origin.

It is not possible to determine the
exact time of the beginning of the elimi-
nation phase, because the absorption and
elimination of the antihypoxant under
study occur simultaneously for some
period. At the same time, the analysis of
OKAGERM-4 pharmacokinetic curves in
semi-logarithmic coordinates (Figure)

Table

Pharmacokinetic parameters that characterize the process of OKAGERM-4
elimination from the central chamber under normal conditions and CSH after
single intraperitoneal injection to rats at a dose of 96.8 mg/kg (M = m, n = 6)

Symbol, units of Group of animals .
Parameter P
measurement Norm CSH
Elimination rate constant K, D™ 0.26+0.05 | 0.23+0.03 >0.05
Half-life L 11.33+4.90 | 11.83+3.16 | >0.05
Total clearance Cl,, mL/h/kg 1.37£0.28 1.42+0.18 > 0,05
Mean residence time MRT, h 7.30£0.89 7.36 £0.55 > 0.05

Note. *In comparison with healthy animals (norm).
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shows that at the 3 h point the curves
«refract» and become maximally linear;
this is where, in our opinion, the elimi-
nation phase actually begins. It should
be noted that based on the data of com-
parative analysis of pharmacokinetic
curves and the course of clinical symp-
toms of CSH, the process of elimina-
tion of OKARERM-4 coincides with the
beginning of the posthypoxic period in
animals exposed to acute hypoxia.

As a matter of discussion, it is worth
noting the well-known fact that the
indicators that characterize the process
of elimination, as well as distribution,
largely depend on the state of the
macro— and microcirculation system. It
is shown that in animals exposed to
hypoxia in the early posthypoxic period
there is a very rapid stabilization of
vital functions, blood circulation and
microcirculation, which can have a
positive effect on elimination processes
under the conditions of the experiment
under study.

Given the results of the works per-
formed in the laboratory of the Depart-
ment of Pharmacology of Lugansk
State Medical University, studying the
coordination organogermanium com-
pounds with bioligands in the treat-
ment of acute oxygen deficiency (hypo-
xic hypoxia, traumatic rhabdomyolysis,
traumatic brain injury), using EPR-13
spectrometry [12-14], it is possible to
assume that OKAGERM-4 has the abi-
lity to induce the activity of cyto-
chrome P-450, which provides protec-
tion of biotransformation processes
under the conditions of CSH, which in
a sense affects the elimination in
general.

Also, based on the results of study-
ing the distribution of potential anti-
hypoxant from the central chamber to
the kidneys [15], namely the tropism
to renal tissue, as a hypothesis we
assume that OKAGERM-4 has a
nephroprotective effect in the modeled
form of hypoxic syndrome and enhan-
ces diuresis.

Conclusions

According to the results of complex
comparative pharmacokinetic studies
of the elimination process of
OKAGERM-4 from the central chamber
for all the studied parameters (tl/ZB’
K, ClL, MRT), the absence of a proba-
ble (P > 0.05) difference between the
group of «normal» animals and those
affected by the CSH was established.
This indicates the stability of the coor-
dination compound of germanium with
manganese and tartaric acid in relation
to biotransformation and excretory
processes both directly under the
influence of acute hypoxic hypoxia
with progressive hypercapnia and in
the early posthypoxic period.

Thus, the generalization of the
results obtained as to this stage of
pharmacokinetics allows us to note
that regardless of the presence of
hypoxic damage in the body, the elimi-
nation process of OKAGERM-4 from
the central chamber is approximately
the same.

In conclusion, it should be noted that
the rational use of a potential antihy-
poxant in clinical conditions will not
require physicians to adjust the dosage
regimen during the treatment of
patients subjected to CSH.
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B. 4. Jlyk’anyyk, . ®. JlitBiHeHko
Mpodinb enimiHawii HoBoro anturinokcaHta OKAFrEPM-4 y Hopmi Ta Ha mogeni
rinokcii 3aMKHEeHOro npocTopy

Mpobnema dpapmMakonoriyHOro 3axMcTy OpraHiamy Bif, yCkiaaHeHb roCTPOI TiMokcii, Wo PO3BMBAETLCS
B 3aKpPUTOMY NPOCTOPI, MNOKCii 3amkHeHoro npoctopy (I31), € akTyanbHO 11 NoTpebye HeBiaKIaaAHOro
BUpiLleHHs. CboroAHi B niaHi noLuyky HOBUX NikapCbkux 3ac06iB 3 BEIMKMM aHTUTINMOKCUYHUM MOTeHLia-
JIOM HaMnNepCcnekTUBHILLMMU € reTepoMeTasiyHi KOMMNIEKCH repmaHito Ta 3d-meTanis (UMHK, Migb, MaHraH)
3 IMMOHHOIO Ta BUHHOIO K1C0TaMn. TOKCUKOMETPUYHUMW Ta CKPUHIHFOBUMW AO0CHIOXEHHSIMUN NOBEAEHO
BWUCOKY aHTUMNOKCUYHY aKTUBHICTb i HELLKIAMBICTb KOOPAMHALINHOI Cnonyku repmMatito — madrad (I1)
TapTpatorepmanart (IV) 3a nabopatopHum windpom OKATEPM-4.,

MeTa aocnigxeHHs — 30jiACHUTU NOPIBHANbHUIA dapMakokiHeTu4HMIM aHanisa OKAIEPM-4 Ha eTani rioro
enimMiHauji 3 ueHTpanbHOi kamepun B HOpMi Ta Ha moaeni 311,

Jlocnian BukoHaHi Ha 48 HeniHilHKX 6inunx Lwypax obox ctateit macoto 170-200 r, po3noAineHux Ha ABi
rpynn: KOHTPOJbHY Ta JOCAIAHY (Lypu, B akmux mogentoBanu 3I1 wnsgxoM po3MillleHHs ix Ha 25 xB B i30-
nboBaHnx repmoob’emax 10 cm®). Ona BusHavyeHHs dapMakoKiHETUYHOro Mpodinio BCTaHOBOBANM
piseHb OKAEPM-4 32 BMiCTOM repMaHito KONopMMETPUYHUM METOA0M Yy CUPOBATLL KPOBi TBapuH Yepes
45 xB, 3ron, 6 rof i 24 rop, nicns 0AHOPA30BOro BHYTPILULHBOOYEPEBUHHOIO BBEAEHHSA B 0,03i 96,8 Mr/kr.

Ha nigctaBi oTpyMaHux HaniBfiorapumiyHux KpuBKx 6eanocepenHbo 6yfio BUKOHAHO PO3paxyHOK
HU3KN hapMakoKiHETMYHUX NapaMeTpiB, SKi xapakTepu3yloTb npouecu enimiHauii OKATEPM-4 i3 yeH-
TpanbHOi Kamepwu: ty08 (Hopma) 0,26 rog = 0,05 rop; ty08 (r3n) 0,23 rog * 0,03 rog; K, (Hopma)
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11,33 ron~" 4,90 rog~"; K, (F3M) 11,83 ron~" + 3,16 roa~"; MRT (Hopma) 1,37 roa + 0,28 roa; MRT (I311)
1,42 rop * 0,18 rog; Cl, (Hopma) 7,30 mn/roa/kr + 0,89 mn/roa/kr; Cl, (F3M) 7,36 mn/roa/kr + 0,55 mn/roa/kr.

TaknuM YMHOM, eKcreprMMeHTaNlbHO BCTAHOBJIEHO, WO npouec enimiHauii OKAFEPM-4 3 ueHTpanbHoi
Kamepu BiadyBa€eTbCs NPUOIN3HO OQHAKOBO HE3asIeXHO Bif, HAABHOCTI B OPraHiami rinoKCUYHOro noLuKo-
[OKEHHS.

Knro4oBi crioBa: papmakokiHeTuka, enimiHauis, OKAFEPM-4, rinokcis 3aMKHEHOro
rpocTopy

V. D. Lukianchuk, D. F. Litvinenko
Elimination profile of the new antihypoxant OKAGERM-4 under normal conditions
and confined space hypoxia model

The problem of pharmacological protection of the body from complications of acute hypoxia, which
develops in a confined unventilated space, confined space hypoxia (CSH), is relevant and requires
immediate solution. Today, in terms of finding new drugs with high antihypoxic potential, the most
promising are heterometallic complexes of germanium and 3d-metals (zinc, copper, manganese) with
citric and tartaric acids. Toxicometric and screening studies proved high antihypoxic activity and
harmlessness of the germanium — manganese (ll) tartrate germanate (1V) coordination compound under
the laboratory code OKAGERM-4.

The aim of the study — to carry out comparative pharmacokinetic analysis of OKAGERM-4 at the stage
of its elimination from the central chamber under normal conditions and in the modeled CSH.

The experiments were performed on 48 nonlinear white rats of both sexes weighing 170-200 g, divided
into two groups: control and experimental (rats in which CSH was modeled by placing them for 25 min in
hermetic 10 cm?® sealed containers). In order to determine the pharmacokinetic profile, the level of
OKAGERM-4 was determined by germanium content using the colorimetric method in blood serum
45 min, 3 h, 6 h and 24 h after a single intraperitoneal injection to rats at a dose of 96.8 mg/kg.

Based on the semi-logarithmic curves obtained, a number of pharmacokinetic parameters were directly
calculated, those that characterize the processes of OKAGERM-4 elimination from the central chamber:
t;,05 (NOrm) 0.26 h + 0.05 h; t, 55 (CSH) 0.23 h £ 0.03 h; K, (norm) 11.33 h'+4.90 h™'; K,; (CSH) 11.83 h~' £
8.16 h™'; MRT (norm) 1.37 h £ 0.28 h; MRT (CSH) 1.42 h £ 0.18 h; Cl, (normal) 7.30 mL/h/kg + 0.89 mL/h/kg;
Cl, (CSH) 7.36 mL/h/kg + 0.55 mL/h/kg.

Thus, it has been experimentally established that the process of OKAGERM-4 elimination from the
central chamber occurs approximately the same way regardless of the presence of hypoxic damage to the
body.
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