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INTRODUCTION
Neurodegenerative diseases are characterized by progres-
sive damage of nerve cells and loss of neurons resulting 
in disorders of the motor and cognitive functions. Patho-
physiological mechanisms of neurodegenerative processes 
including lateral amyotrophic sclerosis, Parkinson’s disease, 
Alzheimer’s disease, are not completely found out. Numer-
ous scientific reports today indicate high levels of oxygen 
reactive forms in the brain of patients with neurodegener-
ative diseases and indicate a critical role of oxidative stress 
among the factors inducing neurodegeneration [1].

Neuron cells are highly sensitive to oxidative stress since 
their functional activity considerably depends on oxidative 
phosphorylation – a process of energy production for met-
abolic processes. Therefore, the study of protein peroxide 
oxidation (PPO) and lipid peroxide oxidation (LPO) in 
the cerebral cortex and hippocampus of rats is essential to 
develop a strategy of prevention and treatment of neuro-
degenerative processes associated with oxidative stress [2].

For many years renin-angiotensin system (RAS) blockers 
have been effectively used in the treatment of cardio-vas-
cular pathology. Recently such pleiotropic effect of RAS as 
intensification of cognitive functions has been found [3]. 
RAS activation is known to intensify oxidative damage of 
the cellular membranes due to increase of reactive oxygen 
forms. It results in oxidation of cellular structures and tissue 
damage [4]. In this respect the efficacy of administration 

of RAS inhibitors as medicinal agents with pronounced 
poly-protective properties should be mentioned here. 
According to literary data central angiotensin converting 
enzyme (ACE) plays an important role in the process of 
cerebral microcirculation, metabolism and is a leading 
factor in the mechanisms of ischemic lesion of neurons 
and neuron inflammation. RAS inhibition is evidenced to 
be an effective pathogenic direction to reduce the progress 
of neuron structural rebuilding after acute cerebral circu-
latory disorders [5].

THE AIM 
To study enalapril effect on protein peroxide oxidation and 
lipids of the cerebral cortex and hippocampus of rats with 
neurodegeneration pattern.

MATERIALS AND METHODS
The experiments were conducted on nonlinear albino 
male rats with the body weight of 0,18-0,20 kg, keeping 
to the requirements of the European Convention for the 
Protection of Vertebrate Animals used for Experimental 
and other Scientific Purposes. 

Neurodegeneration pattern was simulated by means of 
intraperitoneal introduction of scopolamine hydrochlo-
ride (Sigma, USA) during 27 days in the dose of 1 mg/kg. 
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On the 28th day of the experiment enalapril (Zdorovye, 
Ukraine) was introduced intraperitoneally in the dose of 1 
mg/kg in 1 ml of physiological solution [6]. The brain was 
removed cold, then it was washed with cool 0,9 % NaCl 
solution, and the cerebral cortex and hippocampus were 
isolated according to coordinates of the stereotaxic atlas 
[7, 8]. Cytoplasmic fraction was isolated by means of the 
method of differentiation centrifugation of blood homoge-
nates taken from the cerebral cortex and hippocampus on 
the refrigerator centrifuge at 1000 g per 10 min., followed 
by – 1400 g per 10 min., at the temperature of 4 °С.

Content OMP (oxidation modification protein) in ho-
mogenates was determined by the amount of their oxidation 
modification products by means of spectrophotometry 
method with the wave length of 370 and 430 nm. The meth-
od is based on the reaction of interaction of oxidized amino 
acid protein residues with 2,4-dinitrophenylhydrazine with 
the formation of its derivatives, which optic density was 
determined by means of spectrophotometry. Aldehyde- or 
ketone- derivatives of a neutral or the main character pos-
sessing different ranges of absorption spectrum are known 
to be formed resulting from protein oxidation depending on 
amino acids of a neutral (valine, leucine, isoleucine, etc.) or 
main (lysine, arginine, etc.) character prevailing in their mol-
ecules. With λ=370 nm ketone dinitrophenylhydrazones of a 
neutral character are determined, with λ=430 nm – aldehyde 
dinitrophenylhydrazones of the main character [9] OMP 
content was expressed in the units per gram of the tissue. 
Intensity of LPO was evaluated by the content of products 
reacting with 2-thiobarbituric acid (TBA), which amount 
was calculated in mcmol per 1 gram of the tissue [10]. 

The brain samples for histological examination were fixed in 
10 % neutral formalin solution, and after the standard histo-
logic processing the tissue was embedded in paraffin. Paraffin 
histological sections of the cerebral cortex and hippocampus 
tissues 5 mcm thick were prepared by means of a sliding micro-
tome МС-2. After deparaffinization certain specimens were 
stained with hematoxylin and eosin, others – with neutral 
red by Nisl method in order to find tigroid substance [11]. 

Microslides were examined under the light microscope. 
Digital copies of optic images were obtained by means 
of the digital camera Оlympus SP550UZ and analyzed 
by means of the specialized computer program ImageJ 
for histologic studies (1.48v, free License, W. Rasband, 
National Institute of Health, USA) [12].

The obtained results were processed by means of Student 
t-criterion. Mann-Whitney criterion was used parallel 
which demonstrated similar results. Therefore, reliability 
level was considered to be sufficient with р≤0,05.

RESULTS 
In comparison with the control group in rats with sco-
polamine induced lesion of the brain the content of 
proteins of a neutral character in the cerebral cortex and 
hippocampus 33,5 and 50,5 % increased, and proteins of 
the basic character 19,5 and 28,9 % respectively (Table). 
Increased degree of PPO in the examined homogenates is 
indicative of protein damage in the brain under conditions 
of scopolamine introduction. At the same time, in rats 
with neurodegeneration pattern the amount of TBA in 
the cerebral cortex and hippocampus increased 47,6 and 
46,9 % compared to the control group. 

After administration of enalapril to rats with neurode-
generation pattern PPO in the cerebral cortex and hippo-
campus, registered at λ=370 nm, decreased 13,3 and 17,5 % 
respectively. POM registration at λ=430 nm detected on an 
average 7,2% increase of the content of neutral and main 
character proteins in both structures of the brain under  
enalapril effect.

TBA content in rats with neurodegeneration after 
enalapril introduction remained higher than that of the 
control. Though, concerning the untreated group, TBA 
content decreased in the cerebral cortex 8,2 % and in the 
hippocampus – 22,7 %.

In histological specimens of the control group of rats the 
neurons with karyopyknosis signs were not found (Fig.1а, 
1b, 4а, 4b). 

Table I. Enalapril effect on protein and lipid peroxide oxidation in the cytosolic fraction of the cerebral cortex and hippocampus of rats with  
scopolamine-induced neurodegeneration (М±m, n=7)

Indices Examined 
structures Control Neurodegeneration 

model
Neurodegeneration model + 

enalapril

ОМPλ=370,
units/g of tissue

Cerebral cortex 30,486±1,162 40,700±1,888* 35,300±1,221*,#

Hippocampus 20,357±1,649 30,643±1,860* 25,286±1,196*,#

ОМPλ=430,
units/g of tissue

Cerebral cortex 30,514±0,724 36,457±0,577* 34,257±0,770*,#

Hippocampus 20,514±0,724 26,471±0,559* 24,271±0,752*,#

TBA
mcmol/g of tissue

Cerebral cortex 43,002±2,367 82,048±1,662* 75,349±2,149*,#

Hippocampus 39,961±3,107 75,198±5,327* 58,129±2,224*,#

Notes: * – reliability compared with the control, # – reliability compared with neurodegeneration model.
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Fig.1а. Cerebral cortex of the control group of rats (x200): hematoxylin-eosin. Fig.1b. Cerebral cortex of the control group of rats (x200): neutral red by Nisl.

Fig.2а. Cerebral cortex of rats with scopolamine-induced neurodegeneration 
(x200): hematoxylin-eosin.

Fig.2b. Cerebral cortex of rats with scopolamine-induced neurodegeneration 
(x200): neutral red by Nisl.

Fig.3а. Cerebral cortex of rats with scopolamine-induced neurodegeneration 
under conditions of enalapril administration (x200): hematoxylin-eosin.

Fig.3b. Cerebral cortex of rats with scopolamine-induced neurodegeneration 
under conditions of enalapril administration (x200):neutral red by Nisl.
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Fig.4а. Hippocampus of the control group of rats (x200): hematoxylin-eosin. Fig.4b. Hippocampus of the control group of rats (x200): neutral red by Nisl.

Fig.5а. Hippocampus of rats with scopolamine-induced neurodegeneration 
(x200): hematoxylin-eosin.

Fig.5b. Hippocampus of rats with scopolamine-induced neurodegeneration 
(x200): neutral red by Nisl.

Fig.6а. Hippocampus of rats with scopolamine-induced neurodegeneration 
under conditions of enalapril administration (x200): hematoxylin-eosin

Fig.6b. Hippocampus of rats with scopolamine-induced neurodegeneration 
under conditions of enalapril administration (x200): neutral red by Nisl.
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Against the ground of scopolamine-induced neurode-
generation the neurons with karyopyknosis signs were 
found compared with the control rats (in 6,9±0,18 % – in 
the cerebral cortex; in 7,2±0,19 % – in the hippocampus). 
In addition, a relative staining density of the neuron tigroid 
substance in the cerebral cortex and hippocampus was 
twice decreased as much (Fig. 2а, 2b, 5а, 5b). 

Plaque-like formations of homogenous or fibrous struc-
ture of various sizes are found in the white substance. 
Separate fine calcifications are seen near by. After adminis-
tration of enalapril, the number of cells with karyopicnose 
decreased 1,8 times in the cerebral cortex and 1,7 times in 
the hippocampus, and the relative density of the neuronal 
substance increased by 33.6 % and 37 %, respectively (Fig. 
3а, 3b, 6а, 6b). At the same time the amount of plaque-like 
formations did not decrease.

DISCUSSION
One of the causes of increasing concentrations of protein 
oxidative modification (POM) and TBA in the brain 
homogenates under conditions of neurodegenerative 
diseases might be reduced activity of the antioxidant 
protection system, especially enzymes which are the 
first to neutralize oxygen active forms, and which is the 
main reason of activation of protein and lipid peroxide 
oxidation.

Thus, the results of the study concerning PPO and LPO 
in the cerebral cortex and hippocampus under conditions 
of inhibition of the central cholinergic effect produced by 
scopolamine are indicative of the development of cerebral 
degeneration. After enalapril was introduced the level of 
POM and TBA in the cerebral cortex and hippocampus 
decreased, especially the latter one. The obtained results 
are indicative of enalapril ability to improve the examined 
indices, which is the evidence of increased processes of 
antioxidant protection and possibility to inhibit neurode-
generation development in case of scopolamine induced 
lesion of the brain.

CONCLUSIONS
1.  In rats with scopolamine induced pattern of neuro-

degeneration the content of products reacting with 
2-thiobarbituric acid and proteins of the neutral and 
basic character decrease in the cerebral cortex and hip-
pocampus under enalapril effect, which is indicative of a 
reduced intensity of lipid and protein peroxide oxidation.

2.  Under enalapril effect the number of cells with karyopy-
knosis signs decreases and a relative staining density 
of the neuron tigroid substance increases, which is 
indicative of inhibition of the progress of the cerebral 
neurodestructive processes under conditions of scopol-
amine-induced damage.

3.  Comprehensive biochemical and morphological in-
vestigation is indicative of enalapril correcting effect 
on protein and lipid peroxide oxidation in the cerebral 
cortex and hippocampus of rats with scopolamine-in-

duced neurodegeneration, which is the evidence of 
neuroprotective effect under conditions of central cho-
linergic blockade.
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