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Introduction
Preeclampsia is a major cause of preterm birth, intrauterine re-
tardation and perinatal mortality. In developed countries, it ac-
counts for about 16-18% of maternal deaths and up to 40% of 
fetal and neonatal deaths [2]. Endothelial dysfunction is one of 
the causes of gestosis (3). The endothelium is actively involved 
in the regulation of vascular tone, and hence in the regulation of 
blood circulation, including placental circulation. Inhibition of 
the vasodilator properties of the endothelium of blood vessels is 
the cause of impaired uteroplacental circulation and intrauterine 
development of the offspring [4]. The main mechanism of en-
dothelial dysfunction is impaired nitric oxide (NO) production 
[5]. NO in the brain is known to be formed in neuronal and ex-
tra-neuronal sources forming a 'nitrergic system'. In the nervous 
system, NO takes part in synaptic connections as a neurotrans-
mitter, ensuring the efficiency of synaptic transmission (synaptic 
plasticity), plays a role in the regulation of synaptogenesis during 
the formation of the nervous system and cerebral blood flow, and 
provides antigen homeostasis [6, 7]. The use of the non-selective 
NO synthase inhibitor (NOS) Nω-nitro-L-Arginine Methyl Ester 
(L-NAME) is a model of experimental pre-eclampsia et al. [8]. 
Adverse effects of L-NAME on the cardiovascular system, de-

creased perfusion of the uterine-placental bed, reduced placental 
and offspring weight are known. However, changes in neuronal 
structure in the brain of the offspring under conditions of experimen-
tal NOS inhibition are poorly understood.

Objective. To study the morphological features of neurons of the ce-
rebral cortex of newborn rats under conditions of administration of a 
non-selective NO synthase inhibitor (L-NAME) during pregnancy.

Methods of investigation. Experiments were carried out on 12 fe-
male outbred white rats weighing 300±20 g and their offspring 
(n=12) kept on a standard vivarium diet, subject to the requirements 
of the European Parliament and Council Directive 2010/63/EU of 
22.09.2010 on the protection of animals used for scientific purpos-
es.  The control group consisted of pregnant animals (n=6) receiving 
0.9% NaCl solution once intramuscularly; the experimental group 
consisted of rats receiving L-NAME on the 11th day of pregnan-
cy at a dose of 25 mg/kg once intramuscularly (n=6). Brain sam-
pling of rats was performed on the 1st day of postnatal development. 
After the rats were decapitated, the brain was quickly extracted 
and pieces of the anterior cortex of the large hemispheres were 
fixed in Carnois fluid. Serial paraffin sections were prepared and 
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Abstract
Preeclampsia is a major cause of premature birth, intrauterine growth retardation and perinatal mortality. In developed 
countries, it is the cause of about 16-18% of maternal deaths and up to 40% of fetal and neonatal deaths [1]. Endothelial 
dysfunction can lead to the development of preeclampsia. The administration of the nonselective NOS inhibitor L-NAME 
to female rats during placenta caused morphological abnormalities in the frontal cortex neurons of rat offspring on day 1 
of postnatal development, which were manifested by an increase in cell size and an increased proportion of hypochromic 
neurons.
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stained with 0.1% toluidine blue according to the Nissl method 
[2]. Histological preparations were studied, microphotographed, 
and neuronal morphometry was performed using an Axioscop 2 
plus microscope (Zeiss, Germany), a digital video camera (Lei-
caDFC 320, Germany), and ImageWarp image analysis software 
(Bitflow, USA). The location of the frontal cortex in histological 
preparations of rat brains was determined using a stereotactic 
atlas [9].  At least 30 neurons were evaluated in each animal, 

and 150 neurons of the fifth cortical layer in each experimental 
group, which provided a sufficient sample size for subsequent 
analysis. The neuronal size (mkm^2), shape change (elongation 
factor, shape factor) and the degree of cytoplasm chromatophilia 
(normochromic, hypochromic, hyperchromic and hyperchro-
mic wrinkled) [10]. Statistical processing was performed using 
non-parametric statistical methods.

Control group                                  L-NAME

normochrome

hyperchromic	

hypochromic

Figure 1: Ratio of neurons with different degrees of cytoplasmic chromatophilia in the fifth layer of the frontal cortex of newborn 
rats under conditions of Nω-nitro-L-Arginine Methyl Ester (L-NAME) administration during pregnancy.

Results and Discussion
In 1-day-old control rats, the fifth layer of the frontal cortex con-
tained normochromic (96%), hyperchromic (3%) and hypochro-
mic (1%) neurons (Fig. 1). In the experimental group rats, along 
with a decrease in the number of normochromic (by 8%) and 

hyperchromic neurons (by 33%), there was an increase in the 
number of hypochromic neurons by 68% (p<0,05).           
                                                                                                  
There was a 49% increase in neuronal size (p<0.05), whereas the 
shape of neuronal pericarions did not change (p>0.05), (Table 1).

Table 1: Size and shape of pericaryon neurons of the fifth layer of the frontal cortex of newborn rats under conditions of 
Nω-nitro-L-Arginine Methyl Ester (L-NAME) administration during pregnancy (Me, LQ; UQ)

Group 1 day
Square, mkm^2

Control 26,97 (23,07; 27,62)
L-NAME 40,30 (34,30; 44,20)*

Elongation factor
Control 1,20 (1,20; 1,24)

L-NAME 1,24 (1,21; 1,30)
Form Factor

Control 0,84 (0,82; 0,86)
L-NAME 0,87 (0,81; 0,88)

Note: * - p<0.05 compared to control

Conclusions
Thus, the administration of the nonselective NOS inhibitor 
L-NAME to female rats during placentation period caused 
morphological abnormalities in the neurons of frontal cortex 
in newborn rats, which were manifested by an increased cell 
size and an increased proportion of hypochromic neurons. This 
effect of L-NAME administration may be due to a decrease in 

NO production in the neurons in brain cortex and in the cerebral 
vascular endothelium with consequent impairment of cerebral 
circulation and development of oxygen starvation. The observed 
change in the size of neurons in the form of their increase along 
with hypochromia may be a consequence of cell swelling caused 
by energy deficiency with the development of electrolyte imbal-
ance [11, 12].
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