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Abstract
Introduction: Diabetes mellitus is a global medical and social problem. 2-3% of the population suffers from diabetes mellitus. 
According to current forecasts, the number of people with diabetes mellitus will double every 15 years. Diabetes mellitus is the 
basis for the development of complex comorbidities and complications such as diabetic microangiopathy and neuropathy. 
Diabetes patients are at increased risk for atherosclerosis, coronary heart disease, and renal failure. Scientists around the world 
have been thoroughly engaged in the problem of hyperglycemia, which is the consequence of type 1 diabetes mellitus, but the 
causes of its occurrence have not been fully established yet. The study aimed to investigate the lungs of pre-reproductive age 
rats under the influence of alloxan-induced hyperglycemia. Material and Methods: 12 rats of 3 months of age were involved in 
the experiment. They were divided into two series: experimental and control. The Control series includes six intact rats. For the 
experimental modeling of hyperglycemia, we used alloxan monohydrate, pre-dissolved in 0.9% solution of sodium chloride, 
which was then injected intraperitoneally once at a dose of 20 mg/100 g on an empty stomach. The experiment lasted 60 days. 
We measured the glucose level using the Accu-Chek Advantage (Boehringer, Germany) at2, 12, and 24 hours after alloxan 
injection, and then weekly. The average level of glucose in the blood remained at 11 mmol/L ± 2 mmol/L. 
To study the remodeling of the lungs, we used the histological examination by a light microscope (Olympus BH-2) and 
histomorphometry using the universal certified program “SEO Scan Lab 2.0” and “SEO Image Lab 2.0”. The obtained data were 
processed on a personal computer using the software “GraphPad” and a licensed Excel XP spreadsheet editor (Microsoft Office 
2013). The data were analyzed by unpaired t-test. P values ≤0.05 were considered as statistically significant. Results: Obtained 
morphometric data shows the increase of the width of alveoli by 8.5% (p < 0.05), the width of the conducting part of the 
respiratory bronchiole by 15.7 % (p < 0.05) and the thickness of the interalveolar septum by 8.3% (p < 0.05). The wall thickness 
of pulmonary vessels increased by 22.9% (p <0.05). Lymphoid nodules were more hypertrophied compared to the control ones 
by 2.4 times (p <0.05). Conclusions: Alloxan-induced hyperglycemia leads to the development of emphysematous changes 
in combination with restriction. The vascular wall of muscular pulmonary vessels was thickened due to hypertrophy of the 
tunica media and tunica externa. The hypertrophy of lymphoid follicles and lymph nodes of the upper and lower mediastinum 
was observed in experimental animals.
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Introduction

Diabetes mellitus is a global medical and social 
problem because it leads to disability and death. It is 
ranked third after cardiovascular diseases and cancer. 
Approximately 300 million individuals are suffering 

from diabetes mellitus worldwide [1]. Type 1 Diabetes 
Mellitus mainly affects children and adolescents, reach-
ing 1 million patients worldly [2, 3]. Diabetes mellitus is 
the basis for the development of complex comorbidi-
ties and complications such as diabetic microangiopa-
thy and neuropathy. Diabetes patients are at increased 
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risk for atherosclerosis, coronary heart disease, and 
renal failure [4-10]. For about half a century, scientists 
around the world have been thoroughly engaged in the 
problem of hyperglycemia, which is the consequence of 
diabetes mellitus type 1, but the causes of its occurrence 
have not been fully established yet. The most relevant 
modern theory is the autoimmune theory of diabetes 
pathogenesis [11, 12]. The interest in solving the prob-
lem of type 1 diabetes mellitus is not diminishing and 
encourages scientists to search for new ways of diagno-
sis, treatment and prevention. Violations of all kinds of 
metabolism in chronic hyperglycemia lead to general-
ized lesions of the macro- and microcirculation [13, 14]. 
Diabetic angiopathies have been thoroughly studied 
in the kidneys, retina, skin, and spleen, while changes 
in the blood vessels of the pulmonary circulation and, 
consequently, in the lungs are less explored. 

Therefore, our main aim was to investigate the 
lungs of pre-reproductive age rats under the influence 
of alloxan-induced hyperglycemia.

Material and Methods

Twelve rats at the age of 3 months were divided into 
two series: experimental and control. Six experimental 
rats were served as an animal model of alloxan-induced 
hyperglycemia. The Control series includes six intact 
rats. For the experimental modeling of hyperglycemia, 
which was due to absolute insulin deficiency in the 
body, we used alloxan monohydrate. Aloxane monohy-
drate is a decomposition product of uric acid, which, 
through a parenteral route of administration, causes se-
lective necrosis of pancreatic islets by interacting with 
the thiol glucokinase groups of the β-cell enzyme. As a 
result, glucose oxidation, ATP generation, and insulin 
secretion are reduced. Alloxan-induced hyperglycemia 
was simulated by injection of alloxan, pre-dissolved 
in 0.9% solution of sodium chloride, intraperitoneally 
once at a dose of 20 mg/100 g on an empty stomach. It 
is known that alloxan is toxic to cells of the tubules of 
the nephron [15]. Therefore, the animals additional-
ly received a 10% glucose solution during the 24 hours 
after alloxan injection and 5% glucose solution during 
the experiment, which lasted 60 days. We measured the 
glucose level using Accu-Chek Advantage (Boehringer, 
Germany) at 2, 12, and 24 hours after alloxan injection, 
and then weekly. The average level of glucose in the 
blood remained at 11 mmol / L ± 2 mmol/L. 

To study the remodeling of the lungs under hyper-
glycemia, we used the following methods: 

•	 Histological examination. Histological sam-
ples prepared by the standard method were 
stained with hematoxylin and eosin, investi-
gated using the light microscope (Olympus BH-
2), and photographed with a digital video cam-
era (Baumer Optronic CX 05c, Switzerland).

•	 Histomorphometry. It was performed dynam-
ically using the universal certified program 
“SEO Scan Lab 2.0” and “SEO Image Lab 2.0”. 
We measured the width and depth of pulmo-
nary alveoli, the width of the conducting part 
of the respiratory bronchioles, the thickness 
of the interalveolar septum, perimeter of the 
lymphoid follicles, the thickness of the com-
plex tunica intima + tunica media of the mus-
cular pulmonary arteries, the thickness of the 
tunica media of vessels, and the thickness of 
the tunica externa of vessels. 

•	 A statistical method. The obtained data were 
processed on a personal computer using the 
software “GraphPad” and a licensed Excel XP 
spreadsheet editor (Microsoft Office 2013). The 
data were analyzed by unpaired t-test. P values 
≤ 0.05 were considered statistically significant. 

Ethical approval

This study was approved by the Ethics Committee 
of the Sumy State University, Ukraine. The keeping 
and all manipulations of animals were carried out in 
accordance with generally accepted recommendations, 
requirements and provisions set out in the following 
documents: “European Convention of the Protection 
of Vertebrate Animals used for Experimental and oth-
er Scientific Purposes” (Strasbourg, 1985) and “General 
Ethical Principles of Animal Experiments” adopted by 
the First National Congress of Bioethics (Kiev, 2001).

Results

The light microscopy of lung tissue samples reveals 
full-blooding, thickening of the interalveolar septa 
with single inclusions of collagen fibers in their compo-
sition comparing with samples of intact animals. The 
lumen of the alveoli is free (Figures 1, 2). Along with 
emphysematous changes, we found collapsing alveo-
li. The interalveolar septa are of different thickness-
es: thin in the areas of the expanded alveoli, and thick 
and full-blooded in atelectatic areas. Stasis in the ves-
sels can be observed as well. Different-sized clusters of 
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Figure 1: Lung’s tissue of experimental rats ×100. 1 - Pulmo-
nary alveoli cavity; 2 - interalveolar septum.

Figure 2: Lung’s tissue of experimental rats ×100. 1 - Thick-
ened and full-blooded interalveolar septa.

lymphoid tissue are found around bronchi and vessels. 
They contain a large number of vessels (Figures 3, 4).

Inside the interalveolar septa, there is a small num-
ber of mature collagen fibers. In the tunica externa and 
tunica media of muscular pulmonary vessels is the hy-
pertrophy of mature collagen fibers (Figure 5).

Obtained morphometric data show the increase of 
the width of alveoli by 8.5% (р < 0.05), the width of the 
conducting part of the respiratory bronchioles by 15.7 
% (р < 0.05) and the thickness of the interalveolar sep-
tum by 8.3% (р < 0.05). Their values were 72.1 ± 0.46 μm, 
62.003 ± 0.16 μm, and 6.9 ± 0.04 μm, respectively. This 
indicates the initial emphysematous changes in combi-
nation with fibrotic changes in the pulmonary stroma. 
The wall thickness of pulmonary vessels increased by 
22.9% (p <0.05) compared to intact animals and is 41.8 
± 0.02 μm (p <0.05); accordingly, the thickness of its 
components increases. Thus, the thickness of the com-

Figure 3: Lung’s tissue of experimental rats ×100. 1 - Emphy-
sematous transformation of lung tissue; 2 - areas of atelecta-
sis; 3 - hypertrophied lymphoid follicle.

Figure 4: Lung’s tissue of experimental rats ×100. 1 - Hyper-
trophied, full-blooded pulmonary lymphoid follicle sur-
rounding the bronchus in the form of a “clutch”.

Figure 5: Lung’s  tissue of experimental rats ×100. 1 – Colla-
gen fibers in the wall of the pulmonary vessel.
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plex tunica intima + tunica media of the muscular pul-
monary vessels was 24.4 ± 0.01 μm (p < 0.05), which is 
28.9% (p < 0.05) more than in intact rats. The increase 
in this indicator is mainly due to the thickening of the 
muscular layer, which is higher than the control indi-
cator by 22.3% (p <0.05) and is equal to 22.3 ± 0.02 μm 
(р < 0.05). The thickness of the tunica externa of ves-
sels was 17.4 ± 0.02 μm (р < 0.05). The morphometry of 
lymphoid nodules indicates their hypertrophy, 1049.6 
± 0.16 μm (p <0.05), which is 2.4 times (p <0.05) more 
compared to the intact group. 

Discussion

In the present study, we used such age groups as 
premature (3-month) animals. This choice is based on 
the fact that alloxan causes type 1 diabetes mellitus, 
which mainly affects this group of the population, 
while in older adults, type 2 diabetes mellitus is dom-
inant [16].

The current study describes the processes of lung 
tissue remodeling, which are insufficiently covered 
in the scientific literature. Changes in the lungs occur 
primarily due to microcirculatory disorders in the pul-
monary circulation under the influence of persistent 
hyperglycemia and are associated with the pro-inflam-
matory and proliferative properties of diabetes [17, 18]. 
The light microscopy with morphometry reveals scle-
rotic changes in the pulmonary stroma, destruction 
in the alveolates, which leads to the thickening of the 
interalveolar septa. Alloxan-induced hyperglycemia 
leads to the development of emphysematous changes 
in combination with restriction. The vascular wall of 
the muscular pulmonary vessels is thickened due to hy-
pertrophy of the tunica media and tunica externa. The 
hypertrophy of lymphoid follicles and lymph nodes 
of the upper and lower mediastinum was observed in 
experimental animals. This is because the products 
of impaired glucose metabolism (advanced glycation 
end products - AGEs) are formed on the background of 
hyperglycemia. They bind to macrophage receptors, 
which in turn, secrete cytokines that provoke the de-
velopment of immune responses [19-21]. 

Given the described changes, we can assume that 
microcirculatory disorders represent the trigger mech-
anism of lung tissue remodeling. Alloxan-induced hy-
perglycemia adversely affects the morphofunctional 
state of the lungs, both directly and indirectly (due to 
disorders of the cardiovascular system). Although the 
symptoms of complications from prolonged exposure 

to hyperglycemia are more pronounced in internal 
organs like the kidneys, brain, heart, we need to take 
into account the achieved findings since the effects of 
hyperglycemia on lungs lead to morphological remod-
eling and then, with the progression of diabetes, to the 
development of respiratory failure. This fact is con-
firmed in modern scientific works [22, 23].

Соnclusion

The obtained results suggest that alloxan-induced 
hyperglycemia affects the structure of the lung tissue. 
Changes in the parenchymatous component of the 
lung tissue are mosaic. They are characterized by the 
development of emphysematous changes and the pres-
ence of sites of atelectasis. Muscle-type vessels and lym-
phoid tissue undergo hypertrophic changes.
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