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Background. Previous studies showed that new coordinate compound Cerebrogerm (ferrum bis(citrato)
germanate) is a promising cerebroprotector.

Objective of the study is a comparative analysis of the central stage of the pharmacokinetics of Cerebrogerm
as well as its distribution in vital organs in cases of closed head injury.

Methods. On the experimental original model of closed brain injury in rats the parameters of the central
stage of Cerebrogerm pharmacokinetics: the distribution in brain, liver, kidneys, were studied.

Results. It is established that, in cases of closed head injury Cerebrogerm reaches maximum concentration
first in the brain (in 3.75 h), then in the kidneys (in 3.92 h), and finally in the liver (in 4.17 h). In this case, the
magnitude of the C__ of the coordinating compound of germanium that is being investigated in different
biosubstrates of the rats with closed head injury may be presented in descending order as follows: brain (7.95
mg/L) > liver (6.22 mg/L) > kidneys (1.79 mg/L).

Conclusions. The compound Cerebrogerm studied easily gets through the blood-brain barrier and meets
the present requirements for cerebroprotectors and antihypoxants. The attained results allow noting that in the
early post-traumatic period of closed head injury, the blood circulation in the kidneys does not change and cannot
modify the absorption-elimination processes of xenobiotics. It has been also established that Cerebrogerm is
distributed faster in the examined organs in cases of closed head injury. The highest concentration of the drug
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is present in the brain and the smallest one - in the kidneys.
KEY WORDS: ferrum bis(citrato)germanat; closed head injury; pharmacokinetics; brain; liver;

kidneys.

Introduction

Closed head injury is characterized by a high
and steadily increasing prevalence, which is
especially marked during the period of hos-
tilities. Consequences of brain injury have
significant medical and social components that
are related to treatment of patients and their
rehabilitation. The variety of clinical manifes_
tations and the severity of closed head injury
conditioned the need to develop a strategy for
scientific approaches to its pathogenetic
treatment [1, 2, 3].

In the medical practice, a very large arsenal
of pharmacological methods of correction of
closed head injury effects is currently used. At
the same time, not all of them meet the current
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*requirements for their effectiveness and
safety. Therefore, the search for and
development of new cerebroprotective drugs
with multidimensional pharmacodynamic
effects and an acceptable pharmacokinetic
profile are the dilemma. In this regard, the
original compounds of germanium with
different bioligands based on coordination
bonds are particularly interesting [4, 5, 6].

The creation of new drugs is impossible
without determination of pharmacokinetic para-
meters, which is a mandatory step in their pre-
clinical studies and a prerequisite for further
study of a potential drug in clinical practice. Itis
established that the clarification of the processes
of getting drugs in the area of their pharmaco-
dynamic effects (including cerebroprotective)
has a great scientific and practical value in terms
of developing a dosage regimen and optimizing
rational pharmacotherapy in general.
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According to the results of screening
studies on the model of traumatic brain
damage inthe original coordinating compounds
of germanium with citric acid, it has been
proved that the most active one is the complex
compound ferrum bis(citrato)germanate of a
conventional name Cerebrogerm [7].

The objective of the study was a comparative
analysis of the central stage of the pharma-
cokinetics of ferrum bis(citrato)germanate, its
distribution in vital organs in cases of normal
as well as closed head injury.

Methods

The experiments were performed on 62
white mature inbred 160-220 g rats reared in
the animal facility of the Institute of Pharma-
cology and Toxicology of the National Academy
of Medical Sciences of Ukraine. All procedures
were performed according to the Ukrainian
legislation, the European Convention on the
protection of vertebrate animals used in ex-
perimental research and for other scientific
purposes (1986) and local Ethics committee.
The animals were on a standard diet and
received food and water ad libitum.

The experimental model of the closed head
injury is an acute pathological process that
developed in rats kept in a fixed modified
chamber after a single application of a force-
metered and localization-oriented free-falling
45 g-load from the height of 80 cm onto the
parietal skull [8].

Pharmacokinetic studies were conducted
in accordance with the guidelines [9, 10] by
determining the concentrations of Cerebrogerm
by germanium in pathology-free tissues of rats
and in those that received the studied coordi-
nating compound for pharmacological correc-
tion of pathological changes occurring in the
early post-traumatic period in cases of closed
head injury. Cerebrogerm was determined in
blood serum and in vital organs: cerebral
cortex, liver and kidneys by the method [11].

Sampling of biomaterials in order to deter-
mine the pharmacokinetic profile of Cerebogerm
was performed in dynamics: in 0.5; 2; 6; 12 and
24 hours from the time of single intraperitoneal
rats injection of ferrum bis(citrato)germanate
according to the previously established dosage
regimen (126 mg/kg 70 min after closed head
injury) [12].

For a maximum correct evaluation of the
pharmacokinetics of a potential cerebropro-
tector, a number of parameters was defined.
These parameters characterizing the process

of distribution of a potential cerebroprotector
in the body of a two-chamber kinetic model
with absorption in health animals and with
closed head injury comprise: time of reaching
the maximum concentration (t__, hours),
maximum concentration (C__, mg/l), period of
half-distribution to the organ (t,,,, hours),
constant of the speed of direct mass transfer
(K,,, h'"), area under the pharmacokinetic curve
(AUC, mg/L-min), period of the reverse mass
transfer (tm, hours), constant of the speed of
reverse mass transfer (Km, h'), average time in
the organ (MRT, hours).

The attained results were statistically
processed on a personal computer using the
Student’s t-distribution criteria and Mathe-
matica V.5.0. Differences were considered
statistically significant at p<0.05. The statistical
analysis was conducted at a 95% confidence
level.

Results

The results of the pharmacokinetic study
which characterize the process of distribution
in organs are presented in Fig. 1 and 2 in the
form of kinetic curves thatindicate Cerebrogerm
distribution into the brain, liver and kidneys.

Pharmacokinetic parameters that charac-
terize the process of distribution of Cerebrogerm
in vital organs of healthy animals (control
group) and in those with closed head injury are
presented in Table 1.

Itis established that, in cases of closed head
injury Cerebrogerm reaches maximum concen-
tration first in the brain (in 3.75 h), then in the
kidneys (in 3.92 h), and finally in the liver (in
4.17 h). In this case, the magnitude of the C__
of the coordinating compound of germanium
that is being investigated in different biosub-
strates of the rats with closed head injury may
be presented in descending order as follows:
brain (7.95 mg/L)> liver (6.22 mg/L)> kidneys
(1.79 mg/L).

At the same time, Cerebrogerm is identified
in maximum concentration in the brain of
healthy animals in 5.26 h, in the kidneys in
5.10 h and in the liver only in 6.20 h, with the
presumable difference from the experimental
group in relation to tmax in all biosubstrates.
Simultaneously, under normal conditions the
organs of rats can be placed according to the
size of the Cmax of Cerebrogerm in descending
order as follows: brain (7.09 mg/L)> liver
(5.71 mg/L)> kidneys (1.68 mg/L).

The distribution (its intensity and comple-
teness) of Cerebrogerm to the peripheral
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Fig. 1. Pharmacokinetic curves showing the concentration of Cerebrogerm in the brain of rats of the control
group as well as in cases of closed head injury after a single intravenous injection at the dose of 126 mg/kg.
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Fig. 2. Pharmacokinetic curves of the concentration of Cerebrogerm in the kidneys and liver of the control

group rats as well as in those with closed head injury after a single intravenous injection at the dose of
126 mg/kg.
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chamber is present in the half-distribution
period (t, , , h) from the central chamber to the
studied organs and the constant of the speed
of direct mass transfer (K,,). It has been
established that in cases of closed head injury
(research), the coordinating compound of
germanium reaches the brain the most fast,
the liver slightly slower, and the kidneys the
slowest, as evidenced by the parametersoft, , ,
which denotes the time of reaching the levels
of the compound which is equal to 50% of
equilibrium concentrations between blood and
other tissues.

Taking into account that the parameter K.,
defines the relation K , = O.693/t1/2,a, that is the
parameter is inversely proportional to the half-
distribution period in the organs, then the
revealed changes of K , also confirm the above-
described character of the distribution of the
compound in the organs. It is established that
Cerebrogerm in both groups of animals equally
enters the kidneys slowly, and the brain - the
most intensively.

Such a parameter as the area under the
pharmacokinetic curve (AUC) is particularly
informative. Itis proportional to the amount of
the compound present in blood. It was
established that under normal conditions the
highest concentration of the drug was revealed
in the brain and the smallest - in the kidneys.
The following sequence follows the AUC indices:
brain > liver > kidneys (see Table 1).

A comparative estimation of the AUC of
pathology-free animals and those of the
experimental group indicates a significant
difference between the concentrations of
Cerebrogerm in liver. It is established that the
potential cerebroprotector is revealed in the
liver under normal conditions by 43.6% more
than in cases of closed head injury.

It should be noted that Cerebrogerm enters
the brain (t, , ,) very fast, but eliminates (t, )
slowly in both compared groups of animals. It
is significant that Cerebrogerm is almost
identically eliminated from the kidneys of the
rats with or without traumatic brain damage
(p>0.05).

Similarly, the organs are classified according
to the constant of the speed of reverse mass
transfer. As presented in Table 1, Cerebrogerm
eliminates from the liver of the animals of the
experimental group the fastest and from the
brain the slowest.

Among the pharmacokinetic parameters
studied during the preclinical stage, the ave-
rage time the compound stays in the body has

high informational value since the imple-
mentation of the pharmacological effect of a
drug directly depends on its time in the whole
body as well as in a particular organ or tissue.
The results presented in Table 1 evidence that
in the pathology-free animals the studied
organs are classified according to the MRT
decrease as follows: kidneys (31.9 h)> liver
(30.1 h)> brain (24.7 h).

In cases of traumatic brain damage, Cereb-
rogermis eliminated by 27.9% faster (21.7 hours)
from the liver with no significant differences in
MRT of the brain and kidneys (p <0.05).

Discussion

The attained data, which characterizes the
speed of Cerebrogerm being delivered from
blood to various animal organs (see Table 1),
indicates that coordination compound of
germanium enters the peripheral chambers of
the biokinetic model in different speed and
amount both under normal and closed head
injury conditions. It is worth noting that
Cerebrogerm passes through the histo-hematic
barriers of the studied organs in different
speed.

The defined pharmacokinetic parameters
of Cerebrogerm, characterizing the process of
getting from the peripheral chambers of the
kinetic model into the blood under normal
conditions as well as in cases of closed head
injury, require more detailed analysis and
discussion. Particular attention should be paid
to the period of reverse mass transfer (t1/2), that
is the time the compound returns to the central
circulation of the peripheral chamber (organ).
According to this indicator, the pathology-free
organs of the animals take the order of: liver >
kidneys > brain.

The revealed character of the distribution
of Cerebrogerm in cases of closed head injury
indicates, in our opinion, the direction of its
action in terms of cerebroprotective effect.
Under normal conditions in the animals
Cerebrogermiis first rewealed in liver, and then
in the brain and kidneys.

In this case, a 32.4% (P <0.001) decrease was
defined in the rate of the reverse mass transfer
constant of Cerebrogerm from the brain into
the blood in cases of closed head injury caused
by post-traumatic exudation of the brain tissue
which was subjected to mechanical damage.

Consequently, cerebral edema which occurs
in cases of closed head injury makes the
coordination of germanium stay in the brain
longer that eventually causes a decrease in the

N
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speed of Cerebrogerm transition from the brain
into the bloodstream.

This data reaffirms our hypothesis about
cerebral edema, which impedes the transition
of Cerebrogerm from the brain into the blood,
as evidenced by (p<0.001) increase of the AUC
indices by 20.5% in cases of closed head injury
compare to normal conditions.

This experimentally proved fact can
indirectly show the detoxification function of
the liver being saved in terms of its direct
involvement in the processes of elimination of
Cerebrogerm as a xenobiotic.

Thus, it should be noted that in the early
post-traumatic period of closed head injury,
blood circulation in kidneys does not change to
the extent that might substantially modify the
absorption-elimination processes of xeno-
biotics. This is quite appropriate in view of the
fact that kidneys have rich blood supply.

Thus, the results of the complex preclinical
studies prove that the defined pharmacokinetic
profile of the distribution of Cerebrogerm in
cases of closed mechanical brain trauma differs
from that under the normal conditions. It has
been experimentally proved that Cerebrogerm
enters the examined organs in cases of closed
head injury faster than it does without it. It
should be noted that the highest concentration
of the drug, as evidenced by the area under the
pharmacokinetic curve, occurs in the brain of
the animals with closed head injury and the
smallest - in the kidneys.

This should be considered as a key phar-
macokinetic parameter that clearly proves the
ability of Cerebrogerm to get through the
blood-brain barrier. The attained data also
proves that the coordination compound of
germanium corresponds precisely to the
current requirements for cerebroprotectors

and antihypoxants. This kind of drugs is capable
to implement a number of pharmacodynamic
effects through the accumulation in the brain,
asin the central biophase. These effects aim at
organ protection, mainly the protection of
cerebral neurons.

Conclusions

Determination of the pharmacokinetic
parameters of the potential cerebroprotector
ferrum bis(citrato)germanate at the stage of its
distribution in the body in cases of traumatic
brain damage indicates a significant
modification of the kinetic profile of the
compound compared to the normal conditions.
A number of parameters that characterize the
process of Cerebrogerm’s distribution from the
central chamber to the peripheral (t, , ,, K,,, K,,,
AUC) substantially (P<0.05 - 0.001) undergoes
a ‘traumatic’ correction. According to the
parameters characterizing the pharmacokinetic
spectrum of the distribution of Cerebrogerm
into organs, it can be represented in the
following order: brain > liver > kidneys.

The studied compound Cerebrogerm easily
gets through the blood-brain barrier and meets
the present requirements for cerebroprotectors
and antihypoxants. The attained results allow
noting that in the early post-traumatic period
of closed head injury, the blood circulation in
the kidneys does not change and cannot modify
the absorption-elimination processes of xeno-
biotics. It has been also established that Ce-
rebrogerm is distributed faster in the examined
organs in cases of closed head injury. The
highest concentration of the drug is presentin
the brain and the smallest one - in the kidneys.
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®APMAKOKIHETHKA HOBOI'O HEPEBPOIIPOTEKTOPA ®EPYM BIC(LTUTPATO)
TEPMAHATY HA ETAIII 1OT'O PO3IIOALIY B OPTAHH HA TJII 3BAKPUTOI

YEPEITHO-MO3KOBOI TPABMHU

B.A. Nlyk’sanuyk’, T.A. ByxTiaposa', L. CelipynniHa?,

€.M. Noniwyk', O.E. MapumnHko? I A.TononbHULbKa'

1 - Y “IHCTUTYT ®APMAKOJIOTTI TA TOKCUKOJIOTTT HAMH YKPAIHW", KWIB, YKPAIHA
2 - OJECbKU HALTOHAJIbHWI YHIBEPCUTET IMEHI I.I. MEYHWKOBA, O4ECA, YKPAIHA

BcTyn. [TonepedHi cKpUuHiH208i papMaKko- ma MOKCUKOMeMPUYHI O0CNIOHCEeHHS HOBOI KOOPOUHAYiliHOT
cnoayku Liepebpozepm (pepym bic(uumpamo)2epMaHam) NoKazanu, Wo ye hepcnekmusHuli nomeHyitiHul 3acié

yepebponpomekuyii.
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MeTa pocnipykeHHs - npogecmu NopieHANbHUU OHAMI3 YeHMPAAbLHO20 emany GapMakoKiHemuKku
Llepebpozepmy - po3nodiny y ummeagosaxuiuei op2aHu: 20108HULU MO30K, NeYiHKA, HUPKU, 8 HOPMI ma npu
34YMT.

MaTepianu. Ha opuziHansHili modeni 3YMT eu3Ha4yanu HU3Ky papMakokiHemu4HUX napamempie gepym
bic(uumpamo)eepmaHamy W0 8cebiYHO Xapakmepusyroms npoyec po3nodiny 8 nepudepudHi kamepu mooeni
8 Hopmi ma 3a ymos 34YMT.

PesynbTaTu. llokazaHo, wjo npu 3YMT makcumym KoHyeHmpayii Liepebpozepmy 0ocs2aemecsi ChOYamky
¥ Mo3Ky (nicasi 3,75 200), nomim y Hupkax (nicas 3,92 200) ma y neyiHyi (nicas 4,17 200). B moli xce vac, 3a
gesnuyuHoro C__ Llepebpozepmy op2aHU Wypie KOHMPOALHOI 2PYNU MOXCHA PO3Maulysamu y NopsioKy 3MEHWEHHS

max

HacmynHuUM YuHoOM: 20/108HUU MO30K (7,09 m2/n) > nediHka (5,71 ma/n)> Hupku (1,68 ma/n). BeauyuHa C_
KOOpOUHAYIlHOI cnoayku 2epmaHiro y wypis i3 3YMT suzas0ae mak: 20108HU MO30K (7,95 M2/n1) > nedviHKa
(6,22 m2/n)> Hupku (1,79 me/n).

BucHoBKW. OmpumaHi 0aHi 00380a5t0mb Oilimu 8UCHOBKY, Uj0 00C/IOHY8AHA CNOAYKA O080/i /N1e2KO0
NPOHUKAE Yepes ceMamoeHyedaniyHuli 6ap'ep i eionosidae cyyacHuUM sumoz2am 9o yepebponpomekmopie ma
aHmuzinokcaHmis. OmpumaHi pesysemamu 003804580Mb 3A3HAYUMU, W0 Y PAHHLOMY NOCMPABMAMUYHOMY
nepiodi 3YMT cmaH Kpogoobi2y y HUPKAX HE 3MIHKEMbCA Yy makill mipi, wobu cymmeao moougikyeamu
abcopbyiliHo-enimiHayiliHi npoyecu kceHobiomuka. flogedeHO Makox, wo 30 ymoe 3YMT Llepebpozepm
HaOx00umMs 00 0p2aHis, Wo 00CAIOHCY8ANUCH, bibLW WIBUOKO, HiXHC Yy 300po8uX Wypis. Halibinbwa KoHYeHmpayis
npenapamy, npo AKy CyOuauU 30 NOKA3HUKOM N/a0Wji nid ¢apMakokiHemuYHoH Kpuoto, 3HaX00UMbCA y 20/108HOMY
MO3KY, a HaUMeHWAa - 8 HUPKAX MpaeMo8aHUX MBAPUH.

K/HOYOBI C/TOBA: ¢pepym 6ic(umTpaTo)repmaHaT; 3aKpuTa YepenHo-Mo3KOBa TpaBMa;
¢dapmakokiHeTMKa; roNoOBHUIA MO30K; NeYiHKa; HUPKU.
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