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Abstract—The extraordinary situation of the 2019–2022 pandemic caused a dramatic jump in the
incidence of post�traumatic stress disorder (PTSD). PTSD is currently regarded not only as a
neuropsychiatric disorder, but also as a comorbidity accompanied by cardiovascular diseases,
circulatory disorders, liver dysfunction, etc. The relationship between behavioral disorders and the
degree of morphofunctional changes in the liver remains obscure. In this study, PTSD was modeled
in sexually mature male Wistar rats using predatory stress induced by a prey’s fear for a predator.
Testing in an elevated plus maze allowed the rat population to be divided into animals with low�
anxiety (LAP) and high�anxiety (HAP) phenotypes. It was found that morphofunctional analysis of
the liver, in contrast to its biochemical profiling, provides a clearer evidence that predatory stress
induces liver dysfunction in rats of both phenotypes. This may indicate a decrease in the range of
compensatory adaptive reactions in stressed animals. However, in HAP rats, the level of
morphofunctional abnormalities in the mechanisms responsible for carbohydrate�fat, water�
electrolyte and protein metabolism in the liver testified the prenosological state of the organ, while
further functional loading and resulting tension of the regulatory systems could lead to homeostatic
downregulation. Meanwhile, the liver of LAP animals was only characterized by insignificant
diffuse changes. Thus, we demonstrate here a link between behavioral changes and the degree of
morphofunctional transformation of the liver.
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INTRODUCTION

Post�traumatic stress disorder (PTSD) is a
complex of symptoms of disorders in psychical
activity, which appear as a result of single or reit�
erative supramaximal traumatic external expo�
sures on the human psychics. In the modern

world, considering the 2020 COVID�19 pan�
demic caused by the coronavirus SARS�CoV�2,
the problem of PTSD is of particular importance,
since it affects not only the immune system but
also the nervous system and mental health [1, 2].
All over the world, the pandemic provoked an
increase in the number of patients diagnosed with
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PTSD among both recovered and healthy people
[1, 2].

It is necessary to accentuate the significant dif�
ference between the stress impact on the hypotha�
lamic�pituitary�adrenal (HPA) axis in PTSD
from that in other varieties of neuropsychiatric
disorders. It is PTSD that is characterized by quite
a rapid change in the activity of the brain struc�
tures involved in stress responses, due to which a
hyperintensive type of neuroendocrine system’s
responses is replaced by hypofunction. In other
words, most types of stress lead to hyperactivation
of the HPA axis, which develops due to desensiti�
zation of the glucocorticoid negative feedback
and an increase in human blood cortisol levels,
while it is only in PTSD when its sensitization
develops and the blood cortisol level decreases [3,
4]. It is commonly accepted that neuroendocrine
disorders in patients with PTSD are based on dys�
regulation, which consists in increased activity of
the sympathoadrenal system [5]. As the adaptive
capacity is depleted, the regulatory systems of the
organism are disrupted (disadaptation) and
pathological changes develop [6]. PTSD is char�
acterized by a delayed onset of mental and behav�
ioral symptoms of the disease, as well as the
appearance of these symptoms not in all stressed
individuals. In this regard, the population of
stressed people is usually divided into stress�resis�
tant and stress�nonresistant individuals [7]. Previ�
ously, PTSD was mainly considered a mental
disease, while nowadays it is regarded as a comor�
bid disease accompanied by cardiovascular (cir�
culatory) disorders, liver pathology, etc. [8].

Many ongoing studies demonstrate the link
between stress and liver disease. As is well known,
intense stress is accompanied by lipid peroxida�
tion (LPO) of cell membranes and subsequently
leads to tissue damage, while the liver, which
plays a key role in such vital processes as detoxifi�
cation, carbohydrate, lipid and energy metabo�
lism, etc., is most vulnerable compared to other
organs [9]. To date, the relationship between
behavioral changes and the intensity of morpho�
functional transformations in the liver has not yet
been clarified.

Currently, a psychosocial predatory stress
model, developed by Cohen and Zohar [10],
improved by Tseilikman et al. [11], and based on

an evolutionarily fixed innate selective fear shown
by laboratory rodents to predator cues, is gener�
ally accepted to reproduce PTSD experimentally.
Characteristic of this model is a decrease in the
level of corticosterone, the main stress hormone
of laboratory rodents, which is considered as an
important pathogenesis adequacy factor in
patients diagnosed with PTSD [12, 13]. For this
model of PTSD, the methods have been devel�
oped for assessing behavioral changes, which
allowed the population of laboratory rodents to be
subdivided into stress�resistant (low anxiety) and
stress�nonresistant (high anxiety) individuals [14].

This work aimed to characterize the morpho�
functional state of the liver in mature male Wistar
rats, resistant and nonresistant to predatory stress,
in a model of PTSD to establish a relationship
between behavioral changes and the severity of
morphofunctional transformations in the state of
the liver.

MATERIALS AND METHODS

The study was carried out on 40 adult male
Wistar rats weighing 180–200 g. Animals were
taken from the Stolbovaya Branch of the Scien�
tific Center for Biomedical Technologies of the
Federal Medical and Biological Agency. Animals,
quarantined for at least 14 days, were kept under
standard vivarium conditions, being randomly
allocated to cages by 10 individuals per cage,
under natural light, at a temperature of 20–22°C
and ad libitum access to water and complete gran�
ulated feed (State Standart 34566�2019). For the
experiment, rats were divided into 2 groups, con�
trol and experimental, with an equal number of
individuals (20 rats in each). The experimental rat
group was exposed to predatory stress (cat urine)
at a daily basis (10 days running, 10 min per day),
followed by keeping for 14 days under normal
vivarium conditions. The design of the experi�
ment is shown in Fig. 1.

All the experimental procedures were con�
ducted in accordance with the Directive of the
European Parliament 2010/63/EU “On the pro�
tection of animals used for scientific purposes”
(dated September 22, 2010). Permission for the
work was obtained from the Bioethics Committee
at the A.P. Avtsyn Research Institute of Human
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Morphology” (protocol No. 20 of March 12,
2019).

To identify behavioral differences in response
to stress, animals were tested, one at a time, in an
elevated plus maze (EPM) for 600 s. The number
of entries into the open and closed arms and the
time spent in each type of the arms were docu�
mented, and the anxiety index (AI), developed by
Cohen et al. [15], was calculated by a formula:
IA = 1 – [(TOA/TT + NEOA/TNE)/2], where
TOA—time spent in the open arms, TT—testing
time (600 s), NEOA—number of entries into the
open arms, TNE—total number of entries into the
open and closed arms.

At the end of the experiment, peripheral blood
was taken on an empty stomach, under Zoletyl
anesthesia (5 mg/100 g, Virbac Sante Animale,
France) in tubes with EDTA as an anticoagulant.
To obtain plasma, blood was centrifuged at 3000 g
for 10 min. Aspartate aminotransferase (AST) and
alanine aminotransferase (ALT), as well as glu�
cose, triglyceride and total cholesterol, levels were
determined in blood plasma using an automatic
biochemical analyzer (CX4/Pro, Beckman
Coulter, USA).

During autopsy, the state of the liver was
assessed macroscopically by visually evaluating:
color, volume, consistency, elasticity (when
grasped with forceps). The relative mass was cal�
culated as an absolute liver mass (ALM) to body
mass (BM) ration and expressed in mg/kg of the
animal’s body weight: ALM/BM mg/kg.

For morphometric analysis, liver samples were
taken; some of them were fixed with 10% neutral
formalin, while the others were cut unfixed on a
cryostat; the sections were stained with Sudan III
to detect neutral fats. After fixation, the liver sam�
ples were dehydrated, embedded in a Histomix
paraffin medium, and cut into 5�μm sections. A
part of the sections was stained with hematoxylin
and eosin; the other part was subjected to a peri�
odic acid Schiff (PAS) reaction to detect glyco�
gen. Using an Axioplan 2 imaging microscope
with a digital camera and an image processing sys�
tem (Carl Zeiss MicroImaging GmbH, Ger�
many), 10 photographs of the stained sections
were taken from each animal. The optical density
of Sudan III� and PAS�stained sections was
determined using the ImageJ software (Fiji).

The serum corticosterone concentration was
assayed by ELISA kits (IBL, Germany).

Statistical data analysis was performed using
Statistica 8.0. The normality of data distribution
was assessed by the Shapiro–Wilk test. Since the
empirical distribution of the variable turned out to
differ from the normal, For statistical processing,
the non�parametric Kruskal–Wallis test and the
Mann–Whitney U�test for pairwise group com�
parisons were used. The Spearman’s rank correla�
tion coefficient was calculated. Data were
presented as a median (M) and the two quartiles
(Me) (25%; 75%). The differences were consid�
ered significant at p < 0.05.

RESULTS

To assess the morphofunctional state of the
liver in different Wistar rat phenotypes, we used
predatory stress. The design of the experiment is
shown in Fig. 1. A day before the end of the exper�
iment, elevated plus maze (EPM) testing was car�
ried out (Table 1); on the next day, against the
background of food deprivation, the rats were sac�
rificed using a Zoletil overdose.

It was found that the parameters of EPM testing
in the experimental rat group were different: in
some animals (Group 1, n = 9), they were indis�
tinguishable from those in the control group
(Table 1), while in the other rat group (Group 2,
n = 11), they were significantly different vs. both
control and Group 1. It turned out that Group 1
rats spent by 71.8% more time in the EPM open
arms than Group 2 rats (Table 1). The AI value in
Group 2 rats was 0.88, which exceeded the AI of
the control rats by 29.4% and that of Group 1 rats
by 17.3% (Table 1). However, the plasma corti�
costerone concentration (CORT) in Group 1 rats

Fig. 1. Design of the experiment. А—predatory stress,
10 min per day, 10 days; В –keeping in standard vivarium
conditions, 14 days; С—rat testing in an elevated plus maze,
one day before the end of the experiment.
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was 24.8% lower and in Group 2 – 63.7% lower vs.
control rats (Table 1).

During the experimental period, none of the rats
showed any visible signs of the disease. At the end of
the experiment (25 days after its onset), the rat body
mass in all groups had no statistically significant dif�
ferences (p ≥ 0.05). At the same time, the ALM/BM
ratio showed significantly higher values in HAP rats
vs. both control and LAP animals (Table 2). Macro�
scopically, the liver of HAP rats was different from

that in control and LAP animals in being enlarged in
its volume and easier damaged when grasped with
forceps, as well as in having loose consistency and a
pale grayish�brown color. All these signs represent
the manifestations of diffuse changes in the liver of
HAP individuals, whereas the liver of LAP animals
was indistinguishable from the control in volume,
color and consistency.

Many liver diseases are accompanied by a dis�
integration of hepatocytes, leading to a release of

Table 1. Behavioral parameters of Wistar rats during elevated plus maze testing and corticosterone levels, which
allowed the population of stressed animals to be divided into low�anxiety and high�anxiety individuals. Me (25%;
75%)

Parameters
Groups

control low�anxiety high�anxiety

Number of close arm entries 7.3 (4.1; 10.5) 6.8 (3.5; 10.3) 4.3*# (2.2; 7.3)

Number of open arm entries 4.6 (2.2; 6.5) 3.7 (2.3; 5.6) 1.9*# (1.1; 3.5)

Time spent in closed arms, s 439.1 (398.3; 547.3) 468.3 (419.9; 561.3) 577.8*# (556.7; 608.5)

Time spent in open arms, s 156.2 (26.7; 318.8) 110.5 (52.4; 297.5) 21.2*# (5.5; 38.7)

Anxiety index, units 0.65 (0.47; 0.76) 0.71 (0.53; 0.0.76) 0.88*# (0.81; 0.98)

Corticosterone, nmol/L 368.6 (304.6; 416.9) 281.4* (207.1; 372.9) 169.6*# (141.6; 199.3)

*—р < 0.05—significance of differences vs. control group, # р < 0.05—significance of differences between low�anxiety and
high�anxiety rat groups according to the Mann–Whitney U�test.

Table 2. Biochemical blood parameters and the relative liver mass in low�anxiety and high�anxiety Wistar rats in
post�traumatic stress disorder modeling. Me (25%; 75%)

Parameters
Groups

control low�anxiety high�anxiety

Relative liver mass, mg/kg 0.031 (0.028; 0.034) 0.038* (0.035; 0.041) 0.046*# (0.042; 0.048)

Aspartate aminotransferase 
(AST), mmol/L

75.3 (66.7; 85.3) 80.7 (66.7; 95.3) 96.4*# (80.3; 113.2)

Alanine aminotransferase 
(ALT), mmol/L

46.8 (38.7; 53.7) 43.3 (34.4; 51.3) 54.6*# (49.3; 59.5)

Total cholesterol (TCh), 
mol/L

3.5 (3.1; 3.9) 3.9 (3.3; 4.3) 4.7*# (2.7; 5.3)

Triglycerides (TG), mol/L 0.79 (0.63; 0.89) 1.17* (0.89; 1.42) 2.85*# (2.12; 3.83)

Glucose (Gl), mmol/L 5.9 (5.3; 6.1) 5.6 (5.2; 6.1) 4.9*# (4.7; 5.2)

Gl/TG, units 7.6 (7.2; 8.9) 5.1* (4.2; 6.2) 1.9*# (1.4; 2.3)

*—р < 0.05—significance of differences vs. control group; #—р < 0.05—significance of differences between low�anxiety and
high�anxiety rat groups (Mann–Whitney U�test).
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such intracellular enzymes as ALT and AST into
the blood flow and an elevation in their blood
concentration. The determination of ALT and
AST concentration is used primarily for the early
diagnosis of functional disorders of the liver [16].

The plasma ALT concentration in LAP rats did
not differ from the control, while in HAP animals,
it was 16.7% higher vs. control (Table 2). The
plasma AST concentration in LAP rats also did
not differ significantly vs. control, while in HAP
individuals, it was 28.1% higher vs. control
(Table 2). At the same time, the ALM/BM ratio
was appreciably higher both in LAP rats (by
26.7%) and in HAP animals (by 53.3%) (Table 2).
The relative liver mass in HAP rats was 21.1%
higher vs. that in LAP rats (Table 2).

Since the ALT and AST reaction norm, as well
as the normal relative liver mass, are character�
ized by quite a wide range, which does not allow
unequivocal judgements on the development of
dysfunctional changes, a histological and histo�
chemical studies of the liver were carried out [17].

Morphological analysis revealed that the liver
had a common age�matched layout in all rat
groups. Hematoxylin/eosin staining of liver sec�
tions clearly shows that hepatocytes in the control

rat group (Fig. 2a) have a dark background which
reflects a dense filling of their cytoplasm with gly�
cogen. At the same time, hepatocytes in LAP
(Fig. 2b) and, especially, HAP animals (Fig. 2c)
have a lighter background suggesting a depletion
of glycogen reserves (Fig. 2).

It is also evident that in hepatocytes of LAP rats
(Fig. 2b), there are small� and medium�sized ves�
icles, while in hepatocytes of HAP rats (Fig. 2c),
the vacuoles are medium� and large�sized. A part
of vacuoles in rats of both phenotypes are filled
with clear liquid, which suggests the development
of hydropic dystrophy. In sections of the HAP rat
liver (Fig. 2c), the signs of ballooning degenera�
tion are present, i.e. the filling of almost the entire
cytoplasm with hydropic fluid. In the latter case,
necrosis and death of such cells are typically
observed [18]. Another part of the vesicles in LAP
and HAP rat hepatocytes is filled with an opaque
substance with histological signs of neutral fats.

In order to prove the presence of fatty degener�
ation, we used a traditional Sudan III stain for
neutral fats [19]. Microscopically, in LAP rat
hepatocytes, small and medium droplet fatty
degeneration was observed, and only a small part
of the cells contained vacuoles stained red with

Fig. 2. Morphofunctional condition of the liver in control (a), low�anxiety (b) and high�anxiety (c) Wistar rats in post�trau�
matic stress disorder (PTSD) modeling (hematoxylin and eosin staining, scale 50 μm). Arrows point to dystrophic cells.
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Sudan III, which was indicative of the presence of
fats therein. At the same time, in many HAP rat
hepatocytes, medium and large droplet fatty
degeneration was found. By contrast, control rat
hepatocytes contained practically no vacuoles
stained red with Sudan III, suggesting that, nor�
mally, fat accumulates in liver cells occurs in very
small amounts and only in stellate cells. Optical
density (OD) measurements of hepatocyte stain�
ing with Sudan III in liver sections revealed higher
OD values in rats of both phenotypes: by 29.2%
(p = 0.004) in LAP rats and by 120.3% (p = 0.004)
in HAP animals compared to control (Fig. 3). A
negative correlation was found between OD val�
ues of Sudan III staining and blood CORT lev�
els in LAP and HAP rats: rs = –0.979
(Spearman’s rank correlation coefficient, p =
0.001) and rs = –0.955 (p = 0.001), respectively.

During glycogen visualization via a traditional
PAS reaction [20], it was found that OD values of
the liver sections are reduced in LAP rats by
25.5% (p = 0.0003) and by 32.1% (p = 0.0001) in
HAP animals compared to control (Fig. 3). A
positive correlation of glycogen OD values with
blood CORT levels was found in LAP and HAP
rats: rs = 1 (p = 0.0001) and rs = 1 (p = 0.0001),
respectively. It should be noted that in all rat
groups, the liver structure was unchanged, with its
lobular and lamellar organization and clear�cut
cell contours. Notably, the same was true for HAP

rats either, despite the fact that all the lobes of
their liver demonstrated massive vesicular
(hydropic) degeneration of hepatocytes.

Dystrophic changes in the liver were accompa�
nied by changes in the level and predominance of
the energy transport forms in blood plasma, such as
glucose or lipids. However, it was revealed that the
responses of LAP and HAP rats to predatory stress
were different (Table 2). It turned out that, relative
to the control, plasma glucose level decreased only
in HAP rats (by 15.4%) while being indistinguish�
able from the control in LAP animals (Table 2). At
the same time, plasma total cholesterol level was
elevated in HAP rats only (by 32.2%), while being
indistinguishable from the control in LAP individ�
uals (Table 2). However, the plasma level of tri�
glycerides was elevated both in HAP rats (by
62.3%) and in LAP animals (by 32.4%) compared
to the control (Table 2). The glucose (Gl) to tri�
glyceride (TGL) ratio Gl/TGL decreased in both
stressed groups. In LAP rats, the Gl/TGL ratio was
lower by 35.1%, while in HAP animals by 75.8%
compared to the control (Table 2).

DISCUSSION

To assess the state of various systems of the
organism, the functional load method is usually
used, allowing for the assessment of the range of
compensatory adaptive reactions of various

Fig. 3. Optical density of lipid and glycogen staining in liver sections of low�anxiety (LAP) and high�anxiety (HAP) rat pheno�
types in post�traumatic stress disorder modeling. OD—Optical density, ОD�lipids—OD, when staining neutral fats with
Sudan III; OD�glycogen—OD, when staining glycogen with a Schiff (PAS) reaction. *p < 0.005—significant difference vs.
control, ^ p < 0.005—significant difference between HAP (group 1) and LAP (group 2) phenotypes of experimental rats
(Mann–Whitney U�test).
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organs and systems. In the present study, the valid
Wistar rat predator�based psychosocial stress
model of PTSD was used [4]. Studies conducted
by Russian and foreign authors prove the impor�
tance of predatory stress for rodents [21, 22].
These studies show that chemical communication
in mammals is implemented via olfactory signals,
mainly volatile components of various excretions,
which encode the information about constant
individual’s characteristics required for species
survival. Such signaling molecules propagate in
the air and are perceived by the olfactory ana�
lyzer, the vomeronasal system, which is the
peripheral part of the olfactory system, supplied
with autonomic innervation and numerous blood
vessels, and lined with the neuroepithelium [23].
For most mammalian species, the analysis of odor
stimuli is determinative in organizing complex
forms of behavior and regulating the hormonal
ensemble in the organism. The impact of a preda�
tor’s smell is so significant for rodents that it acti�
vates not only behavioral reflexes (escape,
anxiety, etc.) but also an abortive reaction in
pregnant females [23].

Rat testing in the elevated plus maze allowed us
to divide the group of stressed animals into high�
anxiety (HAP) and low�anxiety (LAP) phenotypes
by their anxiety index. Like in our previous experi�
ments [4], we considered the rats with AI values
above 0.75 to be high�anxious, and those with AI
values below 0.75 to be low�anxious animals. Apart
from behavioral traits of PTSD�like state develop�
ment, an additional sign of the model validity is a
decrease in the plasma corticosterone level [4].
Although CORT decreased in both phenotypes,
HAP rats had its lowest values, suggesting maxi�
mum changes in the organism of this rat group.

Macroscopic examination of the liver in experi�
mental rat groups confirmed our suggestion. It
turned out that in HAP rats, the liver was enlarged
and showed the signs of an inflammatory response
(Table 2, Fig. 2). The liver dysfunction was con�
firmed by such markers as ALT) and AST [24],
which were increased in HAP rats only. It should
be noted that most of the biochemical markers of
liver dysfunction have a large range of reaction
norms [17]; in this regard, an analysis of the mor�
phofunctional state of the liver is a more reliable
diagnostic method.

Neutral fats were visualized using a specific
Sudan III staining [19]. This method enabled us
to detect a full�fledged fatty degeneration of the
liver in HAP rats and only a slightly disrupted
lipid metabolism in LAP individuals. At the same
time, an increase in the OD of Sudan III�stained
sections was accompanied by a decrease in plasma
corticosterone level (negative correlation). This
finding confirms the relationship between CORT
and metabolism of neutral fats in the liver. How�
ever, other researchers have obtained similar
results when administering CORT at doses
exceeding physiological ones [25, 26]. Therefore,
we have to own up that the mechanisms by which
CORT can affect lipid metabolism remain
obscure to date.

The use of the glycogen�specific PAS reaction
[20] made it possible to detect a sharp decrease in
the level of this energy storage material in HAP
rats, and its far lesser depletion in LAP animals. A
decrease in the OD of sections stained for glyco�
gen was accompanied by a decrease in plasma
CORT level (positive correlation). According to
the literature data, the glycogen content depends
not only on CORT but also on insulin and cate�
cholamine levels, which affect the levels of
enzymes and intermediate products of glucose
and glycogen metabolism [27, 28]. In our experi�
ment, it was demonstrated for the first time that in
HAP rats the dystrophic changes occur in the vast
majority of liver cells, which becomes almost
completely glycogen free and, instead, filled with
vacuoles containing hydropic fluid and fats. The
revealed changes reflect a severe imbalance of
hepatic metabolism and derangement of the
mechanisms providing the regulation of carbohy�
drate�fat, water�electrolyte and protein metabo�
lism, indicative of the prenosological state of the
organ in HAP rats. At the same time, in LAP indi�
viduals, these dystrophic changes were expressed
only in a part of liver cells. The chance of sponta�
neous recovery of the hepatic morphofunctional
state in this rat phenotype should be verified in
further experiments, which could be achieved by
extending the post�stress period.

It is appropriate to remind that the liver is the
hub of numerous physiological processes. The
most important function of the liver is the ability
to accumulate substances that serve as a source of
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energy not only for local needs but for the whole
organism. The main sources of energy include
glucose supplied with food, which is stored in the
liver in the form of glycogen (gluconeogenesis),
while the latter is converted back to glucose when
the organism needs energy (glycogenolysis) [29].
Despite the fact that, under physiological condi�
tions, lipid synthesis, secretion and oxidation
occur in the liver, they mainly accumulate not in
the liver but in adipose tissue. Lipids are more
than twice as energy�intensive as glucose. How�
ever, the bioenergy contained in lipids begins to
be consumed only in emergency, whereas glyco�
gen energy resources are much more available and
mobilized within few seconds [30]. The glucose–
CORT relationship has been established, but the
mechanisms behind this relationship remain to be
elucidated [31]. In our study, dystrophic changes
in the morphofunctional state of the liver when
modeling PTSD were accompanied by changes in
plasma concentrations and predominance of the
main energy transport forms, such as total choles�
terol (TCh), triacylglycerols (TGL) and glucose
(Gl). From the decrease in the Gl/TGL ratio and
the increase in TCh and TGL indices, it can be
concluded that predatory stress replaced the pre�
dominance of the main energy transport form,
glucose, by the predominance of lipids in the
same capacity. In HAP rats, such a replacement
of one energy source by another was especially
pronounced. The reason for such a change lies
most likely in stress�induced dysfunction of the
liver, which is the key organ that plays a funda�
mental role in the regulation of carbohydrate,
lipid and protein metabolism, and is also involved
in many other processes aimed at maintaining
homeostasis of the entire organism. The predomi�
nant mobilization of free fatty acids as an energy
source occurs usually in old age, as well as under
the influence of extreme factors [32].

If extrapolating to humans the state of PTSD
with severe liver dysfunction, which we character�
ized in HAP rats, it can be concluded that it rep�
resents a serious risk factor for the development of
atherosclerosis, cardiovascular disorders and
CNS dysfunctions, as reported by other authors
[33, 34]. Moreover, it has long been known that
almost all functional disorders and diseases of the
liver can cause various neurological and psycho�

neurological pathologies, from minimum changes
in cerebral function to cognitive dysfunction and
even cerebral edema [27]. All of the aforemen�
tioned suggests that the sequelae of the impaired
morphofunctional state of the liver in PTSD may
contribute to chronization and exacerbation of dis�
eases, acting as a key link in the formed “neurohor�
monal disorders ↔ liver dysfunction” vicious circle
induced by severe psychoemotional stress.

Thus, morphofunctional assessment of the
liver, in contrast to its biochemical profiling, pro�
vides a clearer evidence that predatory stress
induces liver dysfunction in both LAP and HAP
rats. In turn, this may indicate a decrease in the
range of compensatory adaptive reactions in these
animals. Nevertheless, we managed to establish a
relationship between behavioral changes and the
severity of morphofunctional transformations in
the state of the liver. The intensity of morpho�
functional disorders of the mechanisms providing
carbohydrate�fat, water�electrolyte and protein
metabolism in the liver of HAP rats indicates the
prenosological state of the organ. In the case of
additional loading, there may ensue a breakdown
of homeostatic systems and the development of
diseases. At the same time, the liver of LAP ani�
mals was only characterized by insignificant dif�
fuse changes. Our data on liver dysfunction in
stressed rats may prove to be instrumental in clini�
cal practice. In the post�stress period, diagnostic
tests should be carried out to determine the degree
of liver dysfunction, and appropriate treatment
must be provided. Correction of the hepatic func�
tional activity will help increase functional capac�
ities of the organ and break the vicious circle of
the pathological process.
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