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Ultrastructural features of the adrenal glands during the chronic hypoxia
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Abstract
The objective of this study  is to study the morphofunctional properties of ultrastructural changes in the cellular and extracellular structures of the adrenal glands during 
the chronic hypobaric hypoxia. The materials of the study were 30 male white rats weighing 180-200 grams. The results of electron microscopic studies show the presence 
of several structural dystrophic-dezorganization changes in the adrenal glands of animals with the chronic hypobaric hypoxia model are noted. The absence of serious 
changes in the pathohystological picture of cell structures in the ultrathin preparations taken from the gland tissues is characterized by acceleration of compensatory-
adaptive processes, development of reparative-regeneration. On the last day of the study, the regeneration processes occurring in the adrenal gland parenchyma and stroma, 
the restoration of tissue structures and cell organelles, most of the morphometric indicators similar to the control group, in general, indicate the adaptation of the organism 
to the hypoxia. 
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Introduction

The response of the organism to various factors of the external 
environment and the processes of adaptation are regulated by the 
endocrine system, in particular, the hypothalamo-hypophyseal-
adrenal system (HHAS); adrenocorticotropic hormone (ACTH), 
which activates the synthesis of corticosteroids is very important 
[1,2]. The cause of the occurrence of «long-term» adaptive 
processes during the repeated exposure to external environment 
factors, in particular «stress» factors, is «urgent» adaptive 
processes that leave the deep «traces» in the body [2,3]. 

Stress factors, on the other hand, have a systemic effect on the 
morphology of the endocrine system organs, lead to dysfunction 
of various organs and disruption of homeostasis in the body [4,5]. 
During acute hypoxia, which is one of the main stress factors, 
various changes occur in the level of cellular and extracellular 
structures in the organs and tissues of the body, and chronic hypoxia 
leads to the formation of compensatory phase of these factors and, 
as a result, to the restoration of lost functions of organs [6,7]. All 
processes occurring at this time reflect the morphofunctional state 

of the organs. Research work in this direction is of great importance 
in terms of features of morphofunctional changes in the body, 
their evaluation and forecast in terms of hypoxia, especially in 
conditions of long-term hypoxia [7,8].

Although numerous research studies have been devoted to the 
study of changes in the structures of the tissues of the adrenal 
glands that regulate the level of basal cell metabolism of the 
organism, a number of questions in the literature are still not 
covered, contradictory and unanswered.

The objective of this study is to study the morphofunctional 
properties of ultrastructural changes in the cellular and extracellular 
matrix of the adrenal glands during the chronic hypobaric hypoxia.

Material and Methods 

Animal research was carried out in Pharmacology and Experimental 
Surgery departments, and the Electron Microscopy Laboratory of 
the Scientific Research Center of Azerbaijan Medical University. 
The design of experiment was approved by the ethical committee 
(Protocol No. 31 of the Ethics Rules Commission and Bioethics 
Committee under the Ministry of Health of the Republic of 
Azerbaijan on 21.04.2008.). Total of 30 normal male white 
outbred rats weighing 180-200 grams, were used in the study. 
Experimental animals were kept in standard vivarium conditions 
with food provided ad libitum. 
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The color of the adrenal gland is restored, its consistency is soft, 
normal, the capsule is thickened, and in some parts foldings 
are observed. Adrenal cortex and adrenal medulla are visually 
distinguished, the adrenal cortex is darker than the adrenal medulla.

On the 15th day of the experiment, the adrenocytes of the adrenal 
cortex and medulla have a homogeneous structure. The contours of 
the nuclei of the adrenal cortex is smooth, the basal membrane and 
nuclear chromatin are clearly visible, the nuclei are in the center 

of the cell. Slight hypertrophy and hyperplasia of cytoplasmic 
organelles – lysosomes, as well as endoplasmic reticulum and 
Golgi complex is detected. The mitochondria have changed their 
shape: they have changed their elongated form to rounded, and 
have cristae with the septum and unclear contours.

Complete restoration of the structure of the majority of adrenocytes 
of the adrenal medulla is noted (figure 1). 

The animals were divided into 2 groups: control and experimental.  

The experimental animals were subdivided into 2 equal subgroups 
with 10 animals in each group (subgroup 1 and subgroup 2) 
with duration of experiment for 15 and 30 days accordingly. The 
animals included into subgroup I were kept in specially hypobaric 
chamber with pressure at an altitude of 2000-3000 meters above 
sea level and 5 times a week for 2 hours, rats of subgroup II were 
kept in specially hypobaric chamber with pressure of 2000-3000 
meters above sea level every 2 hours at 10:00-15:00 hours, which 
is considered the lightest time of day. Particles of natron lime 
(Ca(OH)2 81%+NaOH 3,4%+H2O 15,6%) were applied to absorb 
CO2. 

Experiment and control animals were euthanized by decapitation 
under anaesthesia by injection of 2-2,5% of thiopental-sodium. 
Thyroid and adrenal glands were sampled and analyzed using 
histological, electron microscopic and morphometric methods. 

Tissue processing for electron microscopy was done as 
recommended [9]. Semithin (1-2 µm) and ultrathin (70-100 nm) 
sections of the embedded tissue were obtained on the ultratome 
LGB-III, Leica EM OC7. Semithin sections were stained 0,5% 
methylene blue, conterstained with 1% Azur II, mounted and 
viewed under light microscope «Olympus BX-41». 

Ultrathin sections 70-100 nm thick were stained with 2% uranium-
acetate solution and 0,6% pure lead-citrate and studied under 
JEM-1400 transmission electron microscope (JEOL-Japan) with 
80-120kv voltage.  

Morphometric parameters were analysed statistically using 
Statistica10 (StatSoft. Inc.) software and the Mann-Whitney U-test 
was performed.

Results

According to electromicroscopic studies, in animals included in the 
control group, the nuclei of adrenocorticocytes of the glomerular 
zone of the adrenal gland are rounded and located mainly in 
the center of the cell, and the nuclei are outside the center. The 
membrane of the nucleus and the nucleolus are clearly visible, made 
by granular components. In the cytoplasm of adrenocorticocytes of 
the glomerular zone, mainly under the capsule and on the central 
part a large amount of lysosomes and a small amount lysosomes 
with of smooth edges on the border with the fascicular zone 
are identified. The edges of the mitochondria of the cells of the 
glomerular zone are denticular, the cristae have a lamellar structure. 

The number of ribosomes and lipid vesicles in the cytoplasm of 
adrenocytes of the fascicular zone is low. They are unevenly 
distributed in the cytoplasm. A small amount of lysosomes are 
mainly located around the Golgi complex. It should be noted that 
the number of lisosomes in the deep layers of the fascicular zone and 
near the reticular zone is very small. Spongiocytes of the fascicular 
zone have large mitochondria with curved surfaces compared with 
the cells of the glomerular zone, and vesicular cristae with vacuoles 
appear in the transverse section, and the vacuoles are associated 
with the inner membrane of the mitochondria.

On the 15th day of the experiment, the histological examination of 
samples taken from the adrenal gland of animals showed that there 
were no serious changes. However, even if the general cellular 
structure of the gland cells is restored, dystrophic changes and even 
destroyed cell complex are noticeable in some adrenocytes. The 
quantitative indicators obtained as a result of the study also did not 
undergo any different changes compared to the control group (table 
1).
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Table 1. Morphometric parameters of the nuclei of the adrenal gland (M±m), (min-max) in norm and in chronic hypoxia

Glomerular zone (Max±min) Fascicular zone (Max±min) Reticular zone (Max±min) Adrenal medulla (Max±min)

N
Days of experiment

N
Deys of experiment

N
Deys of experiment

N
Deys of experiment

15nd day 30 day 15nd day 30 day 15nd day 30 day 15nd day 30 day

Diameter 
M±m 4.44±0.27 4.54±0.27** 4.48±0.27* 5.55±0.20 5.64±0.19** 5.58±0.20* 4.45±0.17 4.63±0.17 4.87±0.16 5.47±0.19 5.56±0.19** 5.50±0.19*

Min-max 2.66-5.82 2.73-5.91 2.64-5.8 6 4.62-6.35 4.79-6.42 4.64-6.39 3.77-5.26 3.97-5.47 4.19-5.75 4.66-6.35 4.73-6.42 4.69-6.39

Square
M±m 46.0±3.83 46.9±3.89** 46.2±3.87* 34.2±1.87 34.1±1.88 34.4±1.89 * 23.9±2.16 24.9±2.20 

** 24.0±2.17 30.9±1.47 31.9±1.48** 31.1±1.46*

Min-ma 33.53-68.45 34.12-70.23 33.63-
69.01 23.47-41.64 24.14-42.23 23.62-41.78 15.47-36.43 16.34-37.65 15.68-36.55 23.47-37.63 24.14-38.56 23.62-37.87

*Note: N-control group; n-number of animals; M±m: M-average indicator of variation, m-standard error, * - p<0.05, * * - p<0.01
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Figure 1. 15th day of hypoxia. Electron micrograph of structures of the adrenal 
gland. TEM. The explanation is given in the text. Stain: uranium acetate and 
plumbum citrate. Scale: 500 nm.

Thus, the cytoplasm and nuclei of the cells are transparent, the 
basal membrane is congested, the fading of the nuclear chromatin 
is clearly visible, the presence of a small amount of fat droplets 
in the cytoplasm are considered a sign of fat dystrophy. Electron 
micrographs show that the inner connective tissue layer, consisting 
of collagen fibers, fibroblast and fibrocytes, is located between 
the reticular zone and the adrenal medulla. For epinephrine 
(adrenal) cells, it is characteristic that the nuclei are located in the 
center (centric), and for norepinephrine – excentric. In addition, 
noradrenocytes are distinguished by more dense secretory 
granules. Restoration of the walls of the capillaries occurs. This 
recovery process is provided by collagen synthesis of fibroblasts. 
It is possible to clearly see the restored layers and narrowing of the 
capillaries (figure 2, marked with a red arrow). 

Figure 2. 15th day of hypoxia. Electron micrograph of structures of the adrenal 
gland. TEM. The explanation is given in the text. Stain: uranium acetate and 
plumbum citrate. Scale: 2 μm.

On the 30th day of hypoxic effect, acute morphological changes in 
the structure of the adrenal gland are not oobserved, the histological 
picture of individual zones of the gland are characterized by the 
restoration of adrenocytes characteristic for the normal structure 
of the gland. 

During the macroscopic examination of the adrenal gland, 
the structure of the gland is similar to the norm, the color, the 
connective tissue capsule covering the gland and the consystency 
are completely restored, but the capsule is thickened.

Electron microscopic examination provided at the end of the 
study showed that, the process of recovery of the adrenal gland 
tissue was completed. Ultrastructural changes that occur under 
the influence of hypoxia – dystrophy and dezorganization of the 
cells of the gland parenchyma and stroma are not detected, the 
process of restoration of cell sizes is clearly visible (table 1). It 
is associated with the regeneration – adaptation and restoration 
of morphological structure of adrenocytes – the main cellular 
elements of the adrenal parenchyma (figure 3, marked with a red 
arrow). 

Figure 3. 30th day of hypoxia. Electron micrograph of structures of the adrenal 
gland. TEM. The explanation is given in the text. Stain: uranium acetate and 
plumbum citrate. Scale: 1 μm.

In the electron micrographs of ultrathin sections, the plasmolemma 
is thickened, the number of organelles are decreased, nucleus 
and nuclear chromatine is faded, the cristae of mitochondria is 
smoothed, the endoplasmic reticulum was relatively small, and the 
Golgi complex was not visible (figure 4, marked with a red arrow).

 

Figure 4. 30th day of hypoxia. Electron micrograph of structures of the adrenal 
gland. TEM. The explanation is given in the text. Stain: uranium acetate and 
plumbum citrate. Scale: 500 μm.
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The presence of a very small amount of glycogen grains in the 
cytoplasm confirms that during a prolonged hypoxia the cell 
energy is depleted, and oxygen is an indicator of hypoxia. 
The development of connective tissue between cells, the basal 
membrane of the capillaries is clearly monitored (figure 5, marked 
with a red arrow).

Figure 5. 30th day of hypoxia. Electron micrograph of structures of the adrenal 
gland. TEM. The explanation is given in the text. Stain: uranium acetate and 
plumbum citrate. Scale: 1 μm.

The increase in these indicators reaches a maximum on the 15th 
day of the experiment, the next stage is approaching the norm, and 
the morphological structure of the gland not differs from the norm. 
Morphological changes occur in the vascular beds of the fascicular 
and reticular zones, high activity of cells is ensured in these zones, 
which are involved in the formation of adaptive reactions and 
regulation of exchange processes in the body during the hypoxia.

On the 30th day of hypoxic effect, regeneration processes in 
the parenchyma and the stroma of the adrenal gland, restoration 
of tissue structures indicates the adaptation of the organism to 
hypoxia in general.

Discussion

The results of the studies showed that morphometric parameters 
of the adrenal parenchyma increase from the 5th day of hypoxia 
and are characterized by increased blood supply to the adrenal 
glands, which occurs both by the dilatation of capillaries and 
by an increase in their density. The increase in these parameters 
reaches a maximum on the 15th day of the experiment, the next 
stage is approaching the norm, and the morphological structure of 
the gland not differs from the norm. Morphological changes occur 
in the vascular beds of the fascicular and reticular zones, high 
activity of cells is ensured in these zones, which are involved in 
the formation of adaptive reactions and regulation of metabolism 
in the body during the hypoxia. 

Thus, the results of electron microscopic studies show the 
presence of several structural dystrophic-dezorganization changes 
in the adrenal glands of animals with the chronic hypobaric 
hypoxia model are noted. The absence of serious changes in the 

pathohystological picture of cell structures in the ultrathin sections 
taken from the gland tissues is characterized by acceleration of 
compensatory-adaptive processes, development of reparative-
regeneration. On the last day of the study, the regeneration 
processes occurring in the adrenal gland parenchyma and stroma, 
the restoration of tissue structures and cell organelles, most of the 
morphometric parameters similar to the control group, in general, 
indicate the adaptation of the organism to the hypoxia. 

Conclusion

Adaptation to hypoxia increases the reserve capacity and the 
development of the body’s resistance to physical stress [5].

An essential role in adaptation to hypoxia of any genesis belongs to 
the endocrine system and, first of all, to the pituitary, adrenal, and 
thyroid glands [2]. At the same time, it is important to analyze the 
ongoing rearrangements not in one, separately taken gland, but in 
their relationship, since any adaptive process is an interdependent 
integration of different parts of the endocrine system [5).

Taking into account the phase structure of the formation of tissue 
mechanisms of adaptation to hypoxia and the unequal participation 
of endocrine glands in this, a comparative study of changes in tissue 
structures in the adrenal glands at different stages of adaptation of 
the body to hypoxia is relevant [4].

The adrenal glands in embryogenesis develop from different germ 
leaves: the cortex is of mesoderm origin, medulla - ectoderm origin 
and is derived from nerve crest cells (11). The cortical substance 
belongs to the interrenal, and the medullar substance to the adrenal 
system. In this regard, the adrenal glands are both an endocrine 
organ and a highly specialized part of the sympathetic nervous 
system (12).

It should be noted that the adrenal glands play an important role 
in the early adaptation of the body to hypoxia. Long-term hypoxia 
increases the body’s resistance to it, mainly the organs of the 
hypothalamic-pituitary-adrenal system, and they adapt to hypoxic 
conditions regulated by the processes of structural reorganization 
of organs (13).

The increase the morphometric parameters reaches a maximum 
on the 15th day of the experiment, the next stage is approaching 
the norm. Morphological changes occur in the vascular bed of 
the fascicular and reticular zones, high activity of cells is ensured 
in these zones, which are involved in the formation of adaptive 
reactions and regulation of metabolizm in the body during 
the influence of hypoxia. On the 30th day of hypoxic effect, 
regeneration processes in the parenchyma and stroma of the 
adrenal gland, restoration of tissue structures indicate adaptation 
of the organism to hypoxia in general. Our results coincide with 
the results of Zerkalova Ю.F. [4,13].
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