
EUROPEAN JOURNAL OF NATURAL HISTORY № 4, 2018

72 Medical sciences

influEncE of adaptogEns on thE morphofunctional statE  
of adrEnal glands in strEss

solodkova o.a., Zenkina v.g.
Pacific State Medical University Russian Ministry of health, Vladivostok,  

e-mail: solodkova.oksana@gmail.com 

in conditions of long-term exposure, the stress response from the general adaptation syndrome is trans-
formed into a factor of etiology and pathogenesis of ulcerative lesions of the mucous membranes of the stomach, 
duodenum, hypertension, atherosclerosis, cardiac dysfunction, secondary immunodeficiency states, and oncologi-
cal diseases. adrenal glands play a key role in the adaptation process, so their morphofunctional state directly 
affects the successful formation of adaptive mechanisms. according to modern ideas, to prevent the effects of 
stress, the focus is on limiting excessive stress and regulating the excess output of catecholamines and glucocor-
ticoids. in this regard, correction of metabolic disorders that occur in pathological conditions due to stress, is one 
of the current biomedical problems. over the past decades, a large clinical and experimental material has been 
accumulated, which has shown the effectiveness of prevention and correction of stress injuries with the help of 
adaptogens of plant and animal origin.
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Stress is a non-specific reaction, by which 
the body adapts to the factors of daily life, in-
dustrial overload and environmental influence, 
i.e. adapts, which is one of the basic properties 
of life. the way to solve this problem is the 
mobilization of metabolic sources, allowing to 
produce additional energy. at the time of selye 
identified three main stages in the development 
of the general adaptation syndrome: alarmre-
lay (alert phase), the stage of resistance and 
stage of exhaustion [14, 18, 22]. at the stage 
of alarm the regime of life support systems 
functioning is being reconstructed to work in 
extreme conditions, homeostatic regulation 
systems activation, organs and cells reserves 
mobilization due to the priority delivery of en-
ergy and plastic resources to them. this is nec-
essary to increase the body’s resistance to the 
effects, which is typical for the second stage – 
increased resistance. if extreme irritation con-
tinues, the reserves of the body are spent, and 
the maintenance of efficiency of cells, organs 
is carried out at the cost of destruction of their 
own vital structures [9, 10]. 

in the conditions of long-term exposure, the 
stress reaction from the general adaptation syn-
drome turns into a factor of pathogenesis. cur-
rently, the role of stress as a factor of etiology 
and pathogenesis of neurotic, cardiovascular, 
endocrine, immune and other diseases has been 
proved [3, 19, 29]. a key role in the process of 
adaptation is played by the adrenal glands (np), 
so their morphofunctional state directly affects 
the successful formation of adaptive mecha-
nisms [8, 23]. the state of microstructure of 
npp, synthesis and secretion of corticosteroids, 
adrenaline and noradrenaline are generally ac-
cepted indicators of stress reaction, reflect its 
duration, depth and stage [2, 25].

numerous studies of a number of authors 
presented the results of morphofunctional state 
of np of experimental animals under acute and 
chronic stress. when karyometry found that a 
single stress exposure increases the area of the 
nuclei of the beam zone cells, changes in the 
relative mass of np does not occur. it is known 
that the increase in the size of nuclei in hor-
mone-producing cells indicates their increased 
secretory activity [35, 36]. in the np cortex, 
one can observe the pronounced fullness of si-
nusoidal capillaries, especially in the beam and 
mesh zones. repeatedly repeated stress factors 
increase the area of the nuclei of the beam and 
mesh zones, thus indicating their significant 
activation. in the adrenal glands, there is a thin-
ning of the capsule, an extension of the beam 
zone, a narrowing of the glomerular and mesh 
zones, a blurred border between the zones, a 
sharp expansion of the lumen of blood vessels. 
in addition, the expanding stanovoy layer, 
which was probably due to the proliferation of 
cambial cells of the cortex of np as a result of 
increased functional load on the body [34, 37]. 

under severe stress, there is a sharp activa-
tion of NP. This is manifested by a significant 
expansion of the cortical substance due to the 
beam-mesh zone, an increase in the size of the 
nuclei in the cells of these zones. this is evi-
denced by the disappearance of lipid vacuoles 
in adrenocorticocytes, capillary dilation, swell-
ing of their endothelium. in parallel, a pro-
nounced alterative changes: granular, vacuolar 
and hyaline degeneration of epithelial cells, 
holocrine, disconnecktie epithelial cords, hem-
orrhage, various sizes necrosis [24, 28, 30]. 

Experimental data showed that if the func-
tional load continues to increase, and the pro-
duction of hormones does not replenish the 
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consumption – there is a complete delipoidi-
zation of the bark of the np, the cytoplasm of 
all cells becomes somewhat basophilic with 
light grain. there are pockets of cell cytoly-
sis. in compensation, when the production of 
hormones begins to exceed the demand-there 
are accumulation of lipids in part of the cells, 
i.e. part of the cells begins to work again “in 
reserve”. disappear foci of cytolysis. if stabili-
zation does not occur – developing the picture 
of exhaustion, expressed in full delipidization 
bark np. in this case, the cells are closely re-
duced in size, the nuclei become compact and 
smaller. the cytoplasm becomes basophilic, is 
densely granular. speakers dramatically thin-
ner, again showing foci of cytolysis [26, 30].

Stress effects lead to significant restructur-
ing of the structural and functional apparatus of 
chromaffin cells, which are expressed in a no-
ticeable devastation of deposit catecholamines 
(Ka) granules, swelling of mitochondria and 
enlightenment of their matrix, the expansion of 
elements of the golgi complex and endoplas-
mic reticulum, reducing the number of ribo-
somes. with the continuing stress on the body, 
the content of sc in np decreases gradually 
and changes as follows [20]. at the stage of 
anxiety, which is characterized by a tendency 
to reduce the weight of np, reduce the mass of 
lymphoid organs (thymus, spleen) to 60-64 %, 
the Ka content decreases slightly and by the 
end of this stage – the beginning of the adapta-
tion stage is about 85 % of the control level. in 
the stage of adaptation, in which these indica-
tors of somatic manifestations return to their 
values in intact animals, with the exception of 
hypertrophied np, the Ka content continues to 
decrease to 25 %. by the beginning of the stage 
of depletion of the Ka content is reduced to the 
boundaries of the definition [1, 39]. 

histologically method revealed that the al-
location of chromaffin cell secretory material 
formed numerous clavate outgrowths of their 
cytoplasm, often with thinning of the foot to 
adjacent the lumen of the dilated sinusoidal 
capillaries. it can be assumed that the forma-
tion of these structures leads to extremely in-
tense activity of chromaffin cells. KA content 
is reduced directly proportional to the time 
of stress exposure. the amount of adrenaline 
decreases more pronounced compared to the 
level of noradrenaline [11, 21].

lipid peroxidation (lpo) with its exces-
sive activation in many tissues causes destruc-
tive changes that affect the rate of cellular me-
tabolism, and therefore, the specific function of 
the tissue. the bark of np differs from other 
tissues by a significant amount of unsaturated 

lipids and a high content of transition valence 
metals, which is a prerequisite for the develop-
ment of lipid peroxidation processes. in addi-
tion, it was found that cytochrome p450-reduc-
tase, which takes part in the hydroxylation of 
steroids, and located in the cells of the bark of 
np on both the endoplasmic reticulum and mi-
tochondria, can also be a link that initiates the 
formation of free radicals [4, 15, 16].

it is known that the adrenal glands are rich 
in natural antioxidant compounds that prevent 
the development of pol processes. this pri-
marily applies to ascorbic acid and α – tocoph-
erol. their high content prevents uncontrolled 
development of the processes of sEx. how-
ever, with prolonged stress associated with 
depletion of functional resources of the crust 
of np, there is activation in these glands of the 
processes of lpo. the reason for this may be 
a decrease in the content of np in the cortex of 
ascorbic acid and α-tocopherol [5]. 

according to modern concepts, to prevent 
or limit the effects of stress, the main attention 
is paid to limiting excessive stress response and 
regulating the excessive output of Ka and gluco-
corticoids [1, 23, 38]. in recent decades, a small 
clinical and experimental material has been ac-
cumulated, which showed the effectiveness of 
prevention and correction of stress injuries with 
the help of adaptogens of natural origin. fea-
tures of adaptogens of natural origin are due to 
the presence of biologically active compounds 
in them, which have immunomodulatory, anti-
microbial, hypolipidemic, antitumor, antioxi-
dant, wound healing, radioprotective and other 
effects [6, 7, 17, 32]. dietary supplements dif-
fer from conventional medicines, above all, that 
carry out the regulation or stimulation of body 
functions strictly within the limits of physiologi-
cal norm. a valuable property of biologically 
active additives is a characteristic adaptogenic 
normalizing action, which does not depend on 
the nature of the previous shifts [12, 27, 33].

in the work of E.i. hasina, 2005, the ef-
fect of chitosan on the nonspecific resistance 
of the organism of laboratory animals in bac-
terial intoxication was investigated. the level 
of corticosterone in the blood during stress in 
animals on a background of reception of chi-
tosan corresponded to the index of the intact 
animals. a day after the introduction of bacte-
rial endotoxins, there was a significant increase 
in the relative weight of the adrenal glands, a 
decrease in the mass of the thymus, an increase 
in the level of corticosterone. chitosan pre-
vented hypertrophy of the adrenal glands and 
involution of the thymus. at the same time, 
there was a significant difference in the content 
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of corticosterone in blood plasma. the results 
of the study showed that chitosan increased 
the adaptive capacity of the body, influenced 
the endocrine system, in particular, the level 
of corticosteroids in the blood, which have a 
triggering effect, leading to complex changes 
in metabolic processes and the functional state 
of a number of endocrine organs and lymphoid 
tissues. against the background of taking chi-
tosan stress reaction was less pronounced [12].

the experiment shows the stress-protective 
effect of the drug “derinat” in cold stress. de-
rinat, which is a sodium salt of native dna and 
obtained from the milk of salmon or sturgeon, 
is a unique polymer immunomodulator with 
radioprotective, antiviral, regenerative activ-
ity. in animals, which before application of 
both 10-minute cold and 30-minute combined 
stress were injected with derinat, there were 
no changes in corticosterone concentration in 
blood compared to the same index in control 
stressed animals. thus, the introduction of 
derinat prevented the stress-induced increase 
of corticosterone concentration, providing a 
stress-protective action [28].

mechanisms of antistress action of dry ex-
tract of astragalus webbed studied in the model 
of immobilization stress in white rats. prophy-
lactic administration of the tested drug was 
accompanied by a decrease in the severity of 
adrenal hypertrophy and involution of immuno-
competent organs. adrenal mass in rats of the 
experimental group was 24 % less than in the 
control group. the obtained data showed that 
the course administration of tarragal extract on 
the background of immobilization stress has a 
stress-protective effect, reducing the severity of 
catabolic changes in the internal organs of white 
rats, which is obviously associated with the op-
timization of the balance of stress-implementing 
and stress-limiting systems of the body, as well 
as the limitation of hyperactivation of free radi-
cal oxidation processes and increase in the pow-
er of the endogenous antioxidant system [3].

stress-protective effect of the extract of 
alfredii drooping studied on models of hy-
percapnic hypoxia, tissue hypoxia, and acute 
immobilization stress in laboratory animals. 
in mice of the stress control group, ulceration 
of the gastric mucosa was observed. spleen 
weight decreased by 42 %, thymus-by 25 %, 
np increased by 1.5 times. the introduction 
of alfredo extract more than 5 times reduced 
the amount of hemorrhages in the stomach and 
prevented atrophy of np. the authors suggest 
that the activity of the extract can be caused 
by the presence of flavonoids and other phe-
nolic compounds in the plant, antioxidant 

and antihypoxic activity of which is associ-
ated with mobile hydrogen atoms of hydroxy-
groups, in addition, they suggest the effect of 
flavonoids of the extract on the functioning of 
cytochromes and the restoration of oxidative 
metabolism [19].

Echinacea purple has become the most pop-
ular among herbal remedies. fundamental and 
clinical studies have shown that Echinacea pur-
purea can be a preventive measure, optimizing 
the nonspecific resistance of the body to various 
adverse factors, thereby slowing the develop-
ment of environmentally-related diseases. in the 
experiment, we simulated pathologies caused by 
three different environmental factors: physical, 
chemical and biological. the level of the stress 
marker-corticosterone exceeded the control val-
ues in laboratory animals by 32-43 %. the intro-
duction of Echinacea in parallel with the action 
of stressors significantly prevented hormonal 
hypersecretion. the level of corticosterone in 
the serum exceeded the level of untrained mice 
only by 6-14 % [12].

Experimental studies of the action of the ex-
tract and hydrolyzate from the far Eastern holo-
turia cucumaria japonica on the morphofunc-
tional state of the adrenal glands in acute and 
chronic cold stress were carried out. according 
to the literature data, the triterpene glycosides 
included in their composition have a corticoster-
oid-like effect. it is assumed that the preliminary 
receipt of animal food additives data, accompa-
nied by a decrease in the degree of activation of 
the pituitary-adrenal system, a decrease in the 
blood output of glucocorticoids. it was found 
that the development of stress reaction after the 
preliminary reception of the extract and hydro-
lyzate from Japanese cookumaria containing 
triterpene glycosides was accompanied by less 
pronounced fluctuations in the basic quantita-
tive parameters of the functional elements of the 
adrenal cortex, which contributed to the stabili-
zation of the level of cortisol in the blood, limit-
ing the stress reaction in the stage of anxiety, the 
formation of a more pronounced stage of resist-
ance and delay in the stage of depletion of the 
general adaptation syndrome [30, 31]. 

Conclusion
short – term and long-term stress factors 

contribute to a significant activation of the ad-
renal cortex as a compensatory reaction of the 
body in the form of increased hormone pro-
duction. as a result, there are functional and 
structural damage to tissues and organs, leading 
to a decrease in the quality of life, loss of ef-
ficiency, disability. In this regard, the correction 
of metabolic disorders that occur in pathological  
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conditions due to stress effects, the main atten-
tion is paid. natural biological resources are 
an inexhaustible source for the development 
of valuable food products, biologically active 
additives and drugs of adaptogenic action. ac-
cording to modern ideas, one of the approaches 
in the treatment of disorders caused by stress 
effects is the use of adaptogens. drugs of this 
type activate metabolic adaptation to the action 
of damaging factors and the ability to maintain 
the basic parameters of homeostasis.
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