
68     СТМ ∫ 2017 — vol. 9, No.1 

 Biomedical investigations 

Adaptive Role of Glial Cell Line-Derived Neurotrophic Factor  
in Cerebral Ischemia
DOI: 10.17691/stm2017.9.1.08 
Received February 17, 2016

Е.V. Mitroshina, PhD, Senior Researcher, Molecular Cellular Technologies Department,  
Central Scientific Research Laboratory1; Associate Professor, Department of Neurotechnologies,  
Institute of Biology and Biomedicine2;
B.Zh. Abogessimengane, PhD Student, Department of Neurotechnologies, Institute of Biology and Biomedicine2;
М.D. Urazov, PhD Student, Department of Neurotechnologies, Institute of Biology and Biomedicine 2;
I. Hamraoui, PhD Student, Department of Neurotechnologies, Institute of Biology and Biomedicine2;
Т.А. Mishchenko, Senior Researcher, Molecular Cellular Technologies Department, Central Scientific  
Research Laboratory1; Senior Researcher, Institute of Biology and Biomedicine2;
Т.А. Astrakhanova, PhD Student, Department of Neurotechnologies, Institute of Biology and Biomedicine2;
N.А. Shchelchkova, PhD, Head of Molecular Cellular Technologies Department, Central Scientific Research Laboratory1;
R.D. Lapshin, PhD, Head Experimental Modeling Department, Central Scientific Research Laboratory1;
Т.V. Shishkina, PhD Student, Department of Neurotechnologies, Institute of Biology and Biomedicine2;
I.I. Belousova, Researcher, Experimental Modeling Department, Central Scientific Research Laboratory1;
I.V. Mukhina, DSc, Professor, Head of Central Scientific Research Laboratory1; Head of the Department  
of Normal Physiology named after N.Y. Belenkov1; Professor, Department of Neurotechnologies,  
Institute of Biology and Biomedicine2; Head of the Center of Translational Technology2;
М.V. Vedunova, DSc, Senior Researcher, Institute of Biology and Biomedicine; Associate Professor,  
Department of Neurotechnologies, Institute of Biology and Biomedicine; Director, Institute of Biology and Biomedicine2 

1Nizhny Novgorod State Medical Academy, 10/1 Minin and Pozharsky Square, Nizhny Novgorod, 603005,  
 Russian Federation; 
2Lobachevsky State University of Nizhni Novgorod, 23 Prospekt Gagarina, Nizhny Novgorod, 603950,  
 Russian Federation

The aim of the investigation was to study the effect of glial cell line-derived neurotrophic factor (GDNF) on animals' resistance to 
cerebral-ischemia-induced damage.

Materials and Methods. In vivo studies were carried out on C3H male mice weighing 18–40 g. Ischemia modeling was performed by 
bilateral irreversible occlusion of both carotid arteries. A neurological status as well as an orientative-exploratory behavior of experimental 
animals and their learning capability in the post-ischemic period were analyzed by using “Open field” and “Passive avoidance” tests. In 
addition, high-resolution respirometer Oxygraph-2k (Oroboros, Austria) was applied to study an oxygen uptake rate of brain mitochondria 
in ischemic conditions.

Results. GDNF application in bilateral occlusion of carotid arteries was found to contribute to the neurological status recovery. 
Moreover, it normalizes oxygen uptake rate of mitochondria in the post-ischemic period.

Conclusion. GDNF has a marked neuroprotective and antihypoxic effect under ischemia modeling in vivo.
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During several years the number of ischemic brain 
injury incidents has been dramatically increased, 
that determines topical and socially important 
issue for modern neurology and neuroscience. The 
consequences of cerebral ischemia are directly related 
to memory and neurological status deteriorations as well 
as to impairment of learning capabilities and cognitive 
functions. Therefore, the development of modern 
techniques to effectively protect the nervous system from 
those damaging effects is urgently needed. A promising 
approach to improve adaptive capabilities of nervous 

system supposed to the activation of endogenous 
systems promoting the survival of nervous cells under 
stress factors and maintenance their functional activity. 
The use of neurotrophic factors such as glial cell line-
derived neurotrophic factor (GDNF) is of special interest. 
These proteins are attracted of scientists’ attention 
because of their possibilities to regulate neurogenesis 
and the functioning of the nervous cells not only in 
early ontogenesis, but also in an adult brain. Moreover, 
they are involved in the processes of synapses 
formation, and have a pronounced effect on growth 
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and reconstruction of axons and dendrites of cortical 
and hippocampal neurons [1, 2]. GDNF is produced by 
nervous cells for maintaining the viability of neurons 
under stress conditions. Its application into cultural 
medium contributes to maintenance and recovery of 
neural network functional activity in the ischemic damage 
in vitro [1, 3]. Therefore, the use of synthetic analogues 
of neurotrophic factors supposed to open new prospects 
for the correction of neurodegenerative diseases and 
brain dysfunctions of such etiology as ischemia and 
traumatic injuries [4].

Hypoxia is considered as the main factor of brain 
cells damaging during ischemia. A decrease of oxygen 
concentration causes the impairment of oxidative 
phosphorylation on a mitochondrial membrane, the 
respiratory chain components separation and results in 
the activation of free radical processes that leads to cell 
death. The maintenance of mitochondrial functional state 
in the post-ischemic period is of great importance.

Currently, most in vivo studies are carried out on such 
models as middle cerebral artery occlusion or a thread-
occlusion method by nylon strand introduction into the 
middle cerebral artery [5–7]. These models are able to 
create a focal ischemic injury. In the present study, we 
used a total brain ischemia model realized by irreversible 
double-sided occlusion of carotid arteries. Our emphasis 
was laid on searching of a technique directed to effective 
protection of brain cells from total ischemia. Moreover, 
nowadays the detection of individual peculiarities of 
experimental animal lines to ischemic influence is of 
special interest, since it will enable to develop adequate 
models of various pathologies.

The aim of the investigation was to study the effect 
of glial cell line-derived neurotrophic factor on animals’ 
resistance to cerebral-ischemia-induced damage.

It should especially notice that currently a prevailing 
part of the research is conducted in vitro. The existing in 
vivo studies have been performed mainly on rats.

Materials and Methods. To study the resistance 
of various mice lines to ischemia, in vivo experiments 
were carried out on С3Н (n=10), CBA (n=10), SHK 
(n=10) and C57BL/6 (n=10) mice weighing 28–36 g. 
The investigation of GDNF effect on animals’ resistance 
to cerebral-ischemia-induced damage was performed 
on 173 С3Н male mice. The main rules of keeping and 
caring for experimental animals corresponded to the 
norms provided in the order of the Ministry of Health 
of the Russian Federation No.708n dated 23.08.2010 
“Concerning Approval of the Rules for Laboratory 
Practice in Russian Federation” and the ethic principles 
established by European Convention for the Protection 
of Vertebrate Animals used for Experimental and other 
Scientific Purposes (adopted in 18.03.1986 in Strasburg 
and approved in 15.06.2006 in Strasburg) and approved 
by the Ethics Committee of Nizhny Novgorod State 
Medical Academy.

According to the previous studies, a low dose of 
GDNF realized the most effective action [8], therefore, in 

current research we chose 4 and 0.4 µg/kg of GDNF as 
tested doses.

The С3Н animals were divided into the following 
groups: group 1 — intact animals (n=16); group 2 — 
sham-operated animals undergoing tissues incision 
and searching of arteries without their occlusion 
(n=16); group 3 — control animals with bilateral carotid 
occlusion without GDNF injection (n=61); group 4 — the 
animals with bilateral carotid occlusion, and intranasal 
GDNF (0.4 µg/kg) introduction injected 45 min before 
the surgery and then daily within 3 postoperative days 
(n=38); group 5 — the animals with bilateral carotid 
occlusion, and GDNF (4 µg/kg) intranasal introduction 
injected 45 min before the surgery and then daily 
within 3 postoperative days (n=42). The choice of the 
doses was reasoned by the previous study findings [8]. 
Ischemia was simulated in the mice from СВА, SHK and 
C57BL/6 lines were subjected to ischemia without tested 
substances introduction.

A brain ischemia model. In order to induce 
ischemic damage in different brain structures we used 
a model of bilateral carotid occlusion. The animals 
were anesthetized by pentobarbital in concentration of 
70 mg/kg. To eliminate the influence of circadian rhythms, 
the experiment was carried out at one and the same time 
of day. The anterior neck surface was shaved off followed 
by soft tissue incision. In a surgical area we detected 
the left and then the right carotid artery with subsequent 
simultaneous ligation of the vessels by non-absorbable 
ligature. The wound was then sutured and powdered by 
Streptocide. All procedures took 10–15 min.

Neurological status determination. To assess 
nervous system functional state of experimental animals 
after cerebral-ischemia-induced damage we determined 
a neurological status using the neurologic impairment 
assessment scale for small laboratory animals [9] and 
Garcia scale [10, 11] modified for mice. Neurological 
status was determined before ischemia modeling, within 
10 days of the post-ischemic period, and on day 14 after 
surgery.

The neurologic impairment assessment in small 
laboratory animals was conducted by detection of 10 
involuntary congenital behavioral responses, each 
response being assessed from zero to two points, where 
2 points meant no response. Then the measured points 
were summed up.

Neurological status evaluation results were 
interpreted as follows:

from 10 to 20 points: severe CNS damage;
from 6 to 9 points: moderate CNS damage;
from 1 to 5 points: slight CNS damage.
According to Garcia scale of neurological status, 

6 tests were used to assess the asymmetry of movements 
and responses of an animal in points, which were 
summed up. The total score assigned to each mouse 
after the test was the summation of the findings of all 
6 tests. Minimal neurological result was 3 points (severe 
damage), and maximal was 18 points (no damage).
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“Open field” test. General motor and orienting-
exploratory activity of the experimental animals were 
tested before ischemia modeling, and on days 1, 7 and 
14 of the post-ischemic period by using Open Field 
setup (OpenField LE800S; Panlab Harvard Apparatus, 
Spain). Behavioral responses of animals were registered 
by camera Sony SSC-G118 (Japan). The findings were 
recorded and analyzed in the Smart 3.0.03 software 
program (Panlab Harvard Apparatus, Spain; Stoelting, 
USA).

The test consists in the quantitative measurement of 
behavior components of animals placed in new open 
space. The following parameters of mice behavioral 
activity were recorded: horizontal motor activity including 
running inside the field; vertical motor activity with 
recording a total number of upright posture without 
support and with resting on a sidewall; the number and 
duration of grooming acts; the duration of freezing and 
the number of defecations and urinations characterizing 
an emotional level of an animal.

The formation of conditioned passive avoidance 
reflex. The learning capability of animals was 
determined according to the assessment of a latent 
entry time of a mouse from a light to a dark compartment 
of a shuttle chamber (60×20×25 cm) with an electrified 
grid floor, the chamber being separated by a partition-
wall with a hole for two similar compartments: darkened 
and lightened (Shuttle Box LE918; Panlab Harvard 
Apparatus, Spain). The training of animals was 
performed once, on day 12 after ischemia modeling. An 
animal was placed in a light compartment, its back to the 
dark compartment (start position). Under the influence 
of exploratory behavior and congenital preference of 
dark areas (photophobia), mice, generally, entered a 
darkened compartment rather quickly. A latent period 
of dark compartment entry was recorded. As soon as a 
mouse had passed into the compartment, its paws were 
electrocutaneously irritated (currency 0.08 mA) for 5 s, 
and after that the animal was put into a house cage. On 
days 14 and 18 after ischemia we checked the memory 
trace safety. For this purpose the animals were tested in 
the same compartment, though without currency feed. 
A mouse was put in a light compartment of a chamber, 
and then stated a latent entry time of a mouse from a 
light to a dark compartment. If an animal did not pass 
into a dark compartment within 180 s, its memory trace 
was considered to be fully preserved.

Brain mitochondria isolation. To study molecular 
mechanisms of neurotrophins action we isolated 
mitochondria from brain cells and measured their 
functional parameters. Mitochondria were isolated by 
standard differential centrifugation. All procedures were 
carried out on ice as well as equipment and isolation 
media were cooled. After decapitation, immediate 
trepanation was performed, the brain being removed 
(within no more than 20 s), put in a preliminarily cooled 
porcelain mortar, and washed with an ice isolation 
medium containing the following (in mM): 70 saccharose; 

210 mannitol; 30 HEPES; 0.1 EDTA (pH 7.4), followed 
by cerebellum removal. Cerebral hemispheres and the 
brainstem were homogenized in an isolation medium in 
a glass homogenization test tube put in ice. Teflon pestle 
of a homogenizer, driven by an electric motor, has a 
clearance which preventing the mitochondrial damage. 
The ratio of tissue weight and isolation medium was 1:7. 
The brain homogenate was preliminarily centrifuged at 
2,700 rpm (temperature interval was from –3 to 0ºС, 
10 min). The supernatant was collected in a tube and 
centrifuged for 15 min at 8,500 g. The precipitated 
mitochondria were washed with cold (4ºС) isolation 
medium, and resuspended in a medium containing 
(in mM) 210 mannitol; 70 saccharose; 0.1 EGTA; 
10 HEPES (pH 7.4), and re-centrifuged for 15 min at 
8,500 g. The mitochondrial suspension was kept on ice 
being prevented from freezing.

Brain mitochondrial respiration parameters were 
determined by evaluating mitochondrial oxygen 
uptake rate, which was recorded by a high resolution 
respirometer Oxygraph-2k (Oroboros, Austria) in a 
closed chamber volume of 2 ml at constant stirring and 
controlled temperature (37ºС). Mitochondrial incubation 
medium contained the following (in mM): 120 КСl; 
5 NaH2PO4; 10 HEPES; 5 glutamate; 5 malate; 14 MgCl2 
(pH 7.4). Mitochondrial protein concentration in an 
oxygen chamber was 0.5 mg/ml.

The functional state of mitochondrial respiration 
chain was assessed using the following parameters: 
а) V4 — high content of substrates in the incubation 
medium: 5 mM glutamate and 5 mM malate (I complex 
substrates) without ADP; b) V3 — the same conditions 
as in V4, with 5 mM ADP (with a respiration chain itself 
being a factor limiting the breathing rate). The intensity 
of complex II of the respiration chain was assessed after 
complex I inhibited by 0.5 µM rotenone, and complex II 
stimulated by 10 mM sodium succinate.

Statistical data analysis. All quantified data 
are presented as mean ± standard error of mean 
(SEM). The significance of differences between the 
experimental groups was determined by ANOVA in the 
SigmaPlot 11.0 software program (Systat Software Inc., 
USA). The differences were considered significant if the 
corresponding p value was less than 0.05.

Results. First, we compared the resistance of 
different mice lines to ischemia damaging effect.

The effective searching of ways aiming at correction a 
negative effect of ischemia on nervous tissue suggests 
the development of convenience and adequate 
experimental ischemia models applied on laboratory 
animals. Currently, several brain ischemia models 
are widely used in neurobiological studies (cardiac 
arrest, monofilament fiber introduction into the internal 
carotid artery, medial cerebral artery ligation via a burr 
hole, photothrombosis, etc.) [12–14]. Alongside with 
advantages, all the models have disadvantages as well. 
We modified and adapted for mice the cerebral ischemia 
model by the irreversible occlusion of major vessels 
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The resistance degree to ischemia was evaluated by 
animals’ survival and neurological status within 10 days 
after ischemia modeling. GDNF application increased 
the mice resistance in the post-ischemic period (Table 1). 
The GDNF dose of 0.4 µg/kg has the most pronounced 
effect. However, the animal mortality in the “GDNF 
4 µg/kg” group was increased after the discontinuation of 
GDNF maintenance injections.

The marked neurologic impairment in the modeled 
ischemia was observed on the first day after surgery 
(Figure 1). According to neurologic impairment 

T a b l e  1
The GDNF effect on mice survival in irreversible brain ischemia model

Animal groups
Animal mortality after ischemia (%)

Day 1 Day 5 Day 7 Day 10
Control (ischemia) 84.2±4.3 93.4±2.1 94.5±2.6 94.5±2.3
GDNF 0.4 µg/kg 77.6±3.9 84.5±1.5* 84.0±2.5* 84.1±4.3
GDNF 4 µg/kg 81.0±4.1 87.6±2.3 95.3±4.3 95.9±4.7

* Statistical significance with the control group, p<0.05; ANOVA.
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Figure 1. Neurological status of С3Н mice after brain ischemia modeling: 
(а) according to neurologic impairment assessment scale in small laboratory 
animals; (b) according to Garcia scale; * statistical significance with the intact 
group, p<0.05; ANOVA
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supplying the brain with blood — carotid arteries. Its 
advantage is marked extensive cerebral ischemic 
damage, since carotid arteries account for 70–75% 
cerebral blood supply. The application of the model 
supposed to assess the effect of various substances, 
presumably with neuroprotective, antihypoxic and 
reparative effects. The C3H, CBA, SHK and C57BL/6 
mice survival and their neurological status were 
analyzed in the post-ischemic period. C3H mice were 
found to show the maximum resistance to ischemia.

On day 10 after ischemia modeling the C3H mice 
survival was 60.50±8.95%, while in 
other experimental group this parameter 
was from 33.33±11.20% (CBA) to 
20.20±7.55% (C57BL/6) already at 
day 4 of the post-ischemic period. The 
neurological status evaluation according 
to both conducted tests (the neurologic 
impairment assessment scale in small 
laboratory animals and Garcia scale) 
showed the development of significant 
moderate severity of CNS damage 
for CBA and C57BL/6 mice, while for 
SHK and C3H mice no significant 
impairments were revealed.

Moreover, a comparison of different 
mice lines on the preservation of 
memory traces during the formation of 
conditioned passive avoidance reflex 
was conducted. The animals of С3Н 
line were found to have the shortest 
latent period of passing between the 
compartments (98.23±26.15 s), and 
the longest period was showed for SHK 
line (148.82±31.18 s).

To assess the GDNF effect on 
motor and orienting-exploratory activity 
of experimental animals and their 
learning capability in a long-term post-
ischemic period, we chose С3Н line 
mice demonstrating high survival rates 
after severe ischemic brain damage. 
We studied the effect of neurotrophin 
on animals’ resistance to cerebral-
ischemia-induced damage on 173 C3H 
mice weighing 25–40 g. To exclude the 
influence of hormonal cycle phases 
on behavioral activity and learning 
capability, the study was conducted on 
male mice.

Interestingly, the survival of С3Н 
male mice after irreversible ischemia 
modeling was significantly (p<0.05; 
ANOVA) lower in comparison with 
С3Н female mice. This phenomenon 
supposed to be explained by high 
adaptive reserves of female organism 
to various stress factors.

Adaptive Role of Glial Cell Line-Derived Neurotrophic Factor in Cerebral Ischemia
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assessment scale, the significant differences between 
an intact and a control group on the first and seventh 
postoperative days were revealed. In the control group 
moderate and severe impairments of a neurological status 
were recorded on the first day after surgery: 8.10±1.21 
points. The animals had marked ptosis, disturbances 
in the implementation of motor and behavioral tests 
(coming out of a circle, moving along the crossbar, 
etc.). No significant differences were found between the 
intact group and “GDNF 0.4 µg/kg” and “GDNF 4 µg/kg” 
groups, the neurological deficit of the animals with GDNF 
treatment was moderately expressed.

The analysis of neurological status according to 
Garcia scale showed the significant difference between 
the intact and control groups (Figure 1 (b)). The animals 
had asymmetric motions and impaired responses in 
tests of spontaneous activity, body proprioception and 
reaction to the vibrissa touching. Neurological deficit of 
these animals was generally severe and moderate and 
accounting for 10.70±1.31 points on day 1 after surgery. 
The animals with treatment by both doses of GDNF had 
significant decrease in the parameters characterizing 
their neurological status on the first postoperative day 
in comparison with the intact group (11.20±1.45 and 
7.75±1.88 points, respectively). In a long-term post-
ischemic period the parameters of neurological status 
were normalized and had no differences from the intact 
group by day 5 after surgery.

Thus, GDNF contributes to animals’ survival in 
ischemic brain model, and promotes neurological 
status normalization in a post-ischemic period. Low 
concentration of GDNF (0.4 µg/kg) showed the best 
result, that is consistent with the previously received 
data [8]. In this regard, further studies in a group of 
experimental animals with a preventive injection of 
GDNF (0.4 µg/kg) were carried out.

General motor and orienting-exploratory activity of the 
experimental animals were tested by using “Open field” 
setup on days 1, 7 and 14 of the post-ischemic period. 
The analysis of behavioral responses showed the time 
of animal freezing after total ischemia to increase by 
9.8 times on the first postoperative day compared to the 
intact group (Table 2). The data indicate a decrease in 

exploratory activity and an increase of stress level in 
animals. However, these parameters were normalized 
by day 5 of the post-ischemic period. In the group 
of animals with pre- and postoperatively injection of 
GDNF (0.4 µg/kg) the duration of freezing reaction was 
comparable with the intact group.

The other parameters of orienting-exploratory activity 
(such as horizontal and vertical motor activity, the 
number and duration of grooming acts, the number of 
defecations and urinations) are not significantly differed 
between the experimental groups. The intranasal 
administration of GDNF (0.4 µg/kg) promotes to reduce 
the freezing time and normalizes animal motor activity in 
a post-ischemic period.

To estimate the preservation of cognitive functions 
and learning capabilities after cerebral-ischemia-induced 
damage we analyzed the maintenance of memory 
traces in the formation of conditioned passive avoidance 
reflex and its preservation (duration of a latent period). 
The training of animals was performed on day 12 after 
ischemia modeling while the reflex reproduction was 
measured 2 and 5 days after the training. The data 
concerning a duration of a latent period of transition 
between the light and darkened compartments are 
presented on Table 3. The latent period time after 
training increased by 1.7–2.5 times in all groups. The 
parameters of the experimental groups during both 
procedures were not significantly differed from the 
parameters of the intact group.

Thus, the studies demonstrated GDNF to enhance 
animals’ resistance to ischemia. Preventive intranasal 
GDNF injection combined with maintaining introduction 
during the post-ischemic period promotes the 
maintenance of animals' viability, the normalization of 
neurological status and motor activity. The GDNF dose 
of 0.4 µg/kg has the most pronounced effect.

To study molecular mechanisms of GDNF 
neuroprotective effect we analyzed oxygen uptake rate 
of brain mitochondria on days 1 and 7 after irreversible 
cerebral ischemia modeling (Figure 2). The assessment 
of oxygen uptake rate of mitochondria regarded as a 
key parameter of functional state of the organelle, since 
it depends on the number of mitochondria as well as on 

T a b l e  2
Duration of animal freezing in “Open field” test  
after ischemia modeling

Animal groups
Freezing reaction duration after ischemia (s)

Day 1 Day 7 Day 14
Intact 13.170±6.396 15.63±8.56 20.20±11.94
Sham-operated 27.96±17.37 12.88±7.38 26.59±17.49
Control (ischemia) 129.11±38.89* 6.52±1.85 5.02±5.11
GDNF 0.4 µg/kg 3.64±2.77 11.92±6.05 7.95±4.18

* Statistical significance with the intact group, p<0.05; 
ANOVA.

T a b l e  3
The study of conditioned passive avoidance  
reflex reproduction after ischemia modeling

Animal groups
Latent period time after ischemia (s)

Learning 
 (day 12)

Reproduction 1 
(day 14)

Reproduction 2 
(day 18)

Intact 72.68±24.44 119.12±27.92 127.53±23.20
Sham-operated 84.73±22.60 141.50±22.08 165.40±21.01
Control (ischemia) 68.80±20.16 169.10±38.51 154.73±35.37
GDNF 0.4 µg/kg 139.4±40.6 118.27±42.89 104.87±37.48
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sensibility to ischemic damage typical for certain animal 
lines. The response of different animal lines to one 
and the same stress effects are known to be extremely 
different [15–17]. Therefore, in the present study we 
compared the resistance of different mice lines to 
cerebral-ischemia-induced damage.

Nowadays, a bilateral carotid occlusion technique 
regarded as the most common method of total cerebral 
ischemia model performed on laboratory animals [13]. 
However, this model is difficult to realize on mice and has 
several peculiarities. Its disadvantage is a high variability 
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Figure 2. The change of mitochondrial oxygen uptake rate: (а) oxygen up-
take rate of brain mitochondria; (b) the state of vigorous activity induced by 
ADP application; (c) mitochondrial oxygen uptake rate during the work of 
complex II in the mitochondrial respiratory chain; * significant differences 
with intact animals, p<0.05; ANOVA
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the state of respiratory chain enzymes.
Carried out experiments revealed 

the oxygen uptake rate of mitochondria 
in the intact group amounted to 
234.50±32.36 pmol/(s·ml). Ischemia 
caused the decrease of oxygen uptake 
rate of mitochondria in 2.4 times (up to 
96.47±6.64 pmol/(s·ml)) in comparison 
with the intact group on day 1 of the 
post-ischemic period indicating the 
suppression of mitochondrial respiratory 
chain (Figure 2 (а)). The oxygen uptake 
rate by mitochondria was normalized 
by day 7 after ischemia modeling 
(208.85±9.01 pmol/(s·ml)). Our findings 
could be served as the evidence of 
post-ischemic adaptation in a long-term 
period, when compensatory reactions are 
activated resulting in an increased number 
of mitochondria and de novo protein 
synthesis.

The study of GDNF effect on oxygen 
metabolism in brain mitochondria showed 
its possibility to increase oxygen uptake 
rate of mitochondria in brain ischemia 
modeling (Figure 2 (а)). The oxygen 
uptake rate in this experimental group 
24 h after cerebral-ischemia-induced 
damage was 187.75±40.90 pmol/(s·ml) 
and no differed from the intact values.

The evaluation of respiratory chain 
functional state in the presence of 
ADP demonstrated ischemic damage 
to cause sharp inhibition of respiratory 
complex I activity. Oxygen uptake rate in 
the presence of ADP decreased by 6.9 
times compared to the intact group 24 h 
after ischemia modeling (Figure 2 (b)). In 
animals injected by GDNF the respiratory 
chain activity decreased by 2.7 times 
only. It should be noted that on day 7 
of the post-ischemic period in “GDNF 
0.4 µg/kg” group the oxygen uptake rate 
of mitochondria in the presence of ADP 
was normalized, while in the control group 
this parameter was significantly lower in 
comparison with the intact animals.

The study of oxygen uptake rate of mitochondria in 
the work of respiratory complex II revealed significant 
decrease of the parameter on the first post-ischemic day 
(Figure 2 (c)). GDNF group showed no differences from 
the intact values.

Thus, GDNF maintains the efficiency of respiratory 
chain work and mitochondria functional state contributing 
to brain cell adaption to ischemia damaging effects.

Discussion. The searching of substances able to 
increase the resistance of animals to negative ischemia 
effect is assumed to consider the characteristics of 
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of ischemic outcome [18, 19], therefore, the resistance 
to ischemic damage in different lines of mice represents 
a topical issue for neurobiological researches [17, 20, 
21]. Our study demonstrated С3Н line to be the most 
resistant to ischemic damage among all tested animals 
(C3H, CBA, SHK and C57BL/6). One of possible reasons 
of such variability could be individual differences of 
collateral blood flow through the circle of Willis [22, 23], 
since even within one genotype might differ significantly 
in arterial cerebrovascular structures, in particular, the 
presence or absence of the posterior communicating 
artery [23]. Due to this fact, it is necessary to carry out 
preliminary ischemia resistance test on a certain animal 
line during investigation of different aspects of ischemic 
damages. From this point of view, particular attention is 
given to studying the problem of cognitive reactions of 
certain types of laboratory animals. С3Н is characterized 
both as the most resistant line, and also having marked 
peculiarities in the formation of conditioned passive 
avoidance reflex, which qualitatively differs this line of 
mice from others.

Investigation the effect of glial cell line-derived 
neurotrophic factor on С3Н mice resistance to ischemic 
damage showed the GDNF at doses of 0.4 and 4 µg/
kg to increase the animal survival and contribute 
to the normalization their neurological status and 
motor and orienting-exploratory activity in the post-
ischemic period. The GDNF dose of 0.4 µg/kg has 
the most pronounced effect. Thus, GDNF exhibits 
strong neuroprotective and antihypoxic effect that is 
consistent with the previously received data. Several 
studies performed on focal and total ischemia models 
in vivo demonstrated that preventive GDNF injection or 
its immediate application after ischemia decreases the 
severity of ischemic damage [24, 25]. The mechanisms 
of neuroprotective effects supposed to be related 
with GDNF capability to partially negate of glutamate 
excitotoxicity induced by ischemia, and the generation 
of active oxygen forms, as well as inhibit apoptotic 
activity of caspases, activate immediate early genes 
and therefore increase cell adaptation to stress factors 
[26, 27]. GDNF is a universal bioactive molecule 
able to provide the viability maintenance of certain 
neurons as well as to combine metabolic reactions of 
separate components in neuron-glial network into a 
single functional structure. In various focal and total 
cerebral ischemia experimental models it was shown 
that GDNF promotes cell survival, maintenance of 
processes, and synaptogenesis [3]. The activation of 
universal multicomponent GFR1 receptors is known to 
promote intracellular metabolic cascades preventing the 
activation of cell death [28–30].

An ischemic damaging effect on the organism 
includes a number of components, hypoxia being a key 
one for nervous cells. To maintain a high metabolic level, 
neurons constantly require a great number of high-
energy compounds (ADP) that makes them sensitive to 
oxygen deficiency and impaired work of mitochondrial 

respiratory chain. In the case of oxygen concentration 
decrease, pathological processes in brain tissues 
are triggered resulting in oxidative phosphorylation 
disturbance, violations in the mitochondria functional 
state, and subsequently, the decrease in cell energy 
metabolism leading to the activation of free radical 
processes and apoptosis. A decreased number of free 
radicals formed in ischemia regarded as one of the 
mechanisms of GDNF protective action [26, 31–33]. 
Our findings revealed that application of GDNF in the 
dose of 0.4 µg/kg contributes to preservation of oxygen 
uptake rate of brain mitochondria, and maintenance 
normal activity of enzymatic respiratory complexes. 
Therefore, neuroprotective and antihypoxic effects of 
glial cell-derived neurotrophic factor are implemented 
through the influence on mitochondria functional and 
metabolic state. Our data are experimental basis 
for further studies concerning GDNF as a potential 
substance used for the correction of severe cerebral 
ischemic damage.

Conclusion. Glial cell line-derived neurotrophic 
factor has strong neuroprotective and antihypoxic effect. 
Intranasal injection of GDNF contributes to animal 
survival and normalizes neurological status and motor 
activity of mice in severe ischemia brain injury modeling. 
The effect implemented by GDNF is not limited to the 
previously described intracellular metabolic cascades. 
Carried out experiments showed the GDNF effect on the 
functional state of mitochondria.
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