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Abstract

The main goal of this investigation was to determine the characteristic features of glucose (sugar) levels in the blood of
animals of young age and sex, and to clarify to what extent they obey the daily biorhythm.

The results obtained showed that the normal level of glucose in the blood of 2-month-old male rabbits during the day is
105-108 mg%, in the blood of females 107-110 mg%, in the blood of 3-month-old males and female rabbits it ranges from
111 -118 and 114-122 mg%, respectively. The second stge of our research is experiments with hypoxia. Experiences has
shown that in this case, the level of glucose in the blood fluctuates between 97-118 mg% (in 2-month-old males) and 102-
117 mg% (in 2-month-old females) during the day. In 3-month-old rabbits, due to the effect of severe hypoxia, the level of
glucose in the blood increases significantly in the first hours, reaches 120 + 4.6 mg% (in males) and 124 + 2.4 mg% (in
females), and then decreases.

After short-term mild hypoxia the amount of glucose in the blood varies between 98-113 mg% in 2-month-old males, 96-115
mg% in females, 107-116 mg% in 3-month-old males, and 110-121 mg% in females. Thus, there is a statistically significant
increase in glucose levels. Differences observed between male and female glycemic responses are less pronounced during
mild hypoxia.

1. Introduction homeostasis, maintaining its relative stability of the
chemical composition of the cell, physiological
The most important conditions for normal life and  properties and functions through various regulatory
adaptation of the human and animal organism in a mechanisms. Glucose (sugar) is considered one of the
frequently changing external environment are the general ~ most important homeostatic important components of
homeostasis of the internal environment, blood blood [3, 4].
homeostasis and its particular manifestations [1, 2]. The
relative stability-homeostatic balance of the chemical It is well known, that the level of glucose in the blood is
composition of the internal environment of the organism  Very sensitive to the effects of a number of external and
- the regulation of its vital activity metabolism is very internal factors cases of falling below the limits
important for ensuring the effectiveness of general and  (hypoglycemia) or rising (hyperglycemia) may occur [5].
specific defense-adaptive reactions to various extreme  There are many facts about this in the literature.
effects. Homeostasis in the body blood, lymph, tissue ~ However, there are not so many experimental or clinical
fluid, cerebrospinal fluid (liquor), is leaking at the levels ~ research studies, dedicated to the study of the effect of a
of intracellular cytoplasm, and these fluid environments ~ factor that has a strong effect, such as oxygen deficiency,
constantly affect the activity of morpho-functional ~©On general carbohydrate metabolism in the body,

systems as a single system. In the body, blood plays an  especially on glucose homeostasis. Experimental and
exceptional role in the establishment of general clinical studies of this kind have rarely been conducted
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in young human or animal bodies. There is still no
consensus in the literature regarding the effect of
hypoxia on blood glucose levels.

With this in mind, we conducted a study on 2- and 3-
month-old rabbits of both sexes to study blood glucose
homeostasis under normal and hypoxic conditions.

2. Methods

The study was performed on 3-month-old male
Chinchilla rabbits (n = 24) weighing 450-470 g, kept
under standard vivarium conditions and on standard
feeding rations. Animals were divided into control and 3
experimental groups of 6 individuals each. The amount
of glucose in the blood was determined by the express
method, using a glucometer measuring device made in
the USA-Canada. Blood for analysis was obtained from
each rabbit from the marginal vein of the ear. A light
incision was made on it with a lancet, and the blood
flowing out was collected in a test tube (1.5 ml). After
centrifugation of the blood, small (about 1.0 pl) volumes
were taken from the plasma and applied to the test strips
of the glucometer. According to his indicators, they
determined the glucose content in the blood of
experimental rabbits. The unit of measurement of
glucose in the blood is expressed in mg/dL. In the
animals of the control group, glucose was determined
during the day: in the morning, at noon and in the
evening, in the experimental groups - also during the
day, 1, 3 and 6 hours after the application of the
investigated factors - hypoxia, physical exertion and

their combination. These terms are close to those that
were determined for blood analysis in control
individuals.

In our experiments, the amount of sugar in the blood was
determined in 2- and 3-month-old rats and rabbits of
both sexes.Experiments related to determination of blood
glucose were performed using moderate and severe
hypoxia models (15% O, 95% N,).The mixture of gases
in these proportions was applied once. Glucose in the
blood of experimental and control animals was
determined in the morning, afternoon and evening. In
rats, blood was taken from the veins of the hind limbs,
and in rabbits, from the ear vein.

The results of determination of blood glucose of the
control and experimental groups were processed
parametrically, using the Student's t-criterion, the
differences between the means of the groups were
considered reliable at p < 0.05; The measurement results
are presented in the form of average value (M) and
average error (m), (M + m).

3. Results and Descutions

First, the amount of glucose in the blood of 2- and 3-
month-old male and female rabbits with normal
development was investigate in the study. Here, the main
goal was to determine the characteristic features of
glucose (sugar) levels in the blood of animals of young
age and sex, and to clarify to what extent they obey the
daily biorhythm. Our results are presented below in table
1.

Table 1. Changes in the amount of glucose in the blood of normal (intact) 2- and 3-month-old male and female
rabbits at different times of the day (in mg%, M+m).

Age and sex of Time intervals and analysis indicators
animals
Morning  |in the afternoon  in the
evening
10%0-11% 1300-1400
hours hours 16%0-170
hours
2-month-old 106+4,2 108+4,6 105+3,6
male rabbits
(n=6)
2-month-old 10845,0 110+4,4 10745,2
female rabbits
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(n=6)

3-month-old
male rabbits
(n=6)

111+3,3

118+2,4 112+3,0

3-month-old
female rabbits
(n=6)

116+2,0

122+3,1 114+2,6

The obtained results showed that the normal level of
glucose in the blood of 2-month-old male rabbits during
the day is 105-108 mg%, in the blood of female rabbits it
is 107-110 mg%, in the blood of 3-month-old male and
female rabbits, it varies between 111-118 and 114-122
mg%, respectively. When we pay attention to our results,
it is known that glucose homeostasis in normal 3-month-
old male and female rabbits is expressed with different
indicators compared to that in 2-month-old male and
female rabbits. In relatively old animals, the level of
glucose is high and fluctuates in a wider range. As in the
first age group, gender-related differences are observed
in this indicator in the second age group; Quantitative
values of glucose in 3-month-old females were slightly
higher than in males of the same age, but this difference
was not statistically significant. Referring to such facts,
it can be assumed that in the early stages of postnatal
ontogenesis, the demand for glucose in the body
gradually increases due to age dynamics. According to
some studies, the amount of glucose in the blood can
reach 140-160 mg% and higher in old rabbits [6, 7]. The
relevant dynamics of glucose circulating in the blood and
delivered to the tissues under normal conditions is of
considerable interest for experimental studies.

Another regularity is noticeable here. The amount of
glucose in the blood in 2-month-old male and female

individuals is close to or at the same level in the
morning, afternoon and evening. In other words, the
biorhythm is not clearly noticeable in the daily dynamics
of this homeostatic component. But in 3-month-old
rabbits, the concentration of sugar in the blood changes
during the day in such a way that the signs of daily
biorhythms are reflected more clearly. It can be assumed
that the reason for this, as mentioned in some literature
data, is the strengthening of diurnal biorhythms in the
secretion of some hormones (for example,
glucocorticoids) in connection with sexual maturity in
rabbits already at the age of 3 months, and the behavioral
forms that are important for life activity are more stable,
the environment and the internal environment are more
stable it leads to more harmony in the background of
mutual relations.

The second stage of our research is experiments with
hypoxia. During the experiments, glucose analysis was
performed on 2 and 3-month-old rabbits. First, 2-month-
old and then 3-month-old animals of both sexes were
exposed to moderate (mild) hypoxia for 20 minutes in an
environment of 85% nitrogen and 15% oxygen in a
barochamber. After hypoxia, glucose in their blood was
determined in the morning, afternoon and evening
according to the above procedure. The obtained
experimental results are given in tables 2 and 3.

Table 2. Quantification of daily changes in blood glucose levels in 2- and 3-month-old rabbits exposed to 20 minutes
of moderate hypoxia (in mg%, M+m, n= 6).

Age and sex of Time intervals and analysis indicators
animals
Morning |in the afternoony  in the
evening
10%0-11 1300-1400
hours hours 16%0-170
hours
2-month-old 11345,2 104 + 3,8 98 £2,6
male rabbits
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(n=6) p<0,01 p<0,05
2-month-old 115+4,0 106 +2,6 96 +3,0
female rabbits

(n=6) p<0,05 p<0,05
3-month-old 116+3,4 118 +4,2 107 +5,3
male rabbits

(n=6) ) - )
3-month-old 119+6,5 121 +5,0 114+ 2,6
female rabbits

(n=6) ) - )

Note: The difference between practice and norm indicators p<0.05 is considered statistically reliable (norm

indicators are given in table 1).

Table 3. Daytime dynamics of glucose content in the blood of 2- and 3-month-old rabbits after 20 minutes of severe
hypoxia (in mg%, M+m, n=6)

Age and sex of Time intervals and analysis indicators
animals
Morning |in the afternoony  in the
evening
1000-11%0 1300-1400
hours hours 16%-17%
hours
2-month-old 118+7,3 103+£2,6 97 +45
male rabbits
(n=6) p<0,01 p<0,05
2-month-old 127+5,0 107 £3,5 102 +3,1
female rabbits
(n=6) p<0,01 - -
3-month-old 120+4,6 116 £4,0 108 + 3,7
male rabbits
(n=6) p<0,05 - -
3-month-old 124+2 4 119+1,8 110+ 2,0
female rabbits
(n=6) p<0,05 - -

Note: As shown in Table 2.

The analysis of the results of our experiments showed
that early postnatal development periods, as we observed
in this experiment, glucose homeostasis in the animal
refers to the physiological parameters sensitive to the
effect of hypoxia. Susceptibility is noticeable even in the
mild form of hypoxia. During its effect, interesting
changes occur in the amount of glucose in the blood.

After short-term mild hypoxia, an important empirical
fact that is noticeable when we pay attention to the
changes in the amount of glucose during the day in 2-
and 3-month-old male and female rabbits (see table
3.2.2) is that the obtained physiological indicator is
significantly different compared to the norm. In this
case, the amount of glucose in the blood varies between
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98-113 mg% in 2-month-old males, 96-115 mg% in
females, 107-116 mg% in 3-month-old males, and 110-
121 mg% in females. This means that glucose
homeostasis in a relatively young animal can cause
certain changes in a mild form of hypoxia. It is also
noticeable here that in the first moments of the effect,
that is, at the beginning of hypoxia, the level of glucose
in the blood rises significantly above the norm, and then
gradually decreases, falling to the normative limits. After
hypoxia in 3-month-old animals, the change in the
amount of glucose in the blood has a somewhat different
dynamic. Thus, during the entire experience, cases of its
statistically reliable increase over the norm are recorded.
Differences observed between male and female glycemic
responses are less pronounced during mild hypoxia.

In the second experimental variant, animals were
subjected to 20 minutes of severe hypoxia (maintenance
in an environment of 95% nitrogen and 5% oxygen). Our
results 3.2.3. given in table no. Experience has shown
that in this case, the level of glucose in the blood
fluctuates between 97-118 mg% (in 2-month-old males)
and 102-117 mg% (in 2-month-old females) during the
day. In 3-month-old rabbits, due to the effect of severe
hypoxia, the level of glucose in the blood increases
significantly in the first hours, reaches 120 + 4.6 mg%
(in males) and 124 + 2.4 mg% (in females), and then

Figure 1. Curves of blood glucose levels in 3-month-old male and female rabbits after severe hypoxia.
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We do not know exactly the reason for such a sharp
increase in blood glucose in the first moments of severe
hypoxia. It can be assumed that due to severe oxygen
deficiency in tissues and cells in severe hypoxia,
oxidation (decomposition) of glucose in mitochondria,
i.e. processes of consumption of ATF synthesis, is
sharply reduced, as a result, glucose in the blood is high.
Or, during hypoxia, additional glucose resources enter
the blood as an adaptive response. Hypoxia, and even
more so its severe forms, according to many researchers,
for the human and animal organisms are both extreme,
stressful and pathogenic factors of multilateral and long-
term action [8-11].

Considering the data available in the literature [12, 13], it
can be assumed that the occurrence of hyperglycemia in
this case is probably due to two reasons. In severe
hypoxia, when the oxygen concentration in the tissues
decreases sharply, the rate of glucose oxidation in cells
decreases, so its content in the blood at an early stage is

decreases. This trend is reflected in fig.1.
= <= =3 month old male rabbits
S
]GDD_]jﬂD hour
increased. However, during hypoxia, an urgent

mobilization of glucose into the blood from peripheral
metabolic funds can occur as an adaptive-compensatory
reaction in case of a shortage of glucose for the brain,
heart, and other organs that are severely affected by
hypoxia.

References

Zakharov V.M., Trofimov |.E. Homeostatic
mechanisms of biological systems // Ontogenesis.
2014. No. 4. C. 68-84.

[1]

[2] Roder P.V., Wu B., Liu Y., Han W. Pancreatic
regulation of glucose homeostasis. Exp. Mol. Med.
2016. Vol. 48. No. 3. e219. DOl
10.1038/emm.2016.6.

[3] Aliyev A.H., Farhadi N., Rostami H., Arasteh A.A,,
Madatova V.M., Aliyev F.A. The effect of maternal

hypoxia, pineal gland, physical activity and

JCLMM 2/11 (2023) |216-221



ISSN: 2309-5288 (Print)
ISSN: 2309-6152 (Online)
CODEN: JCLMC4

circadian rhythm on serum levels of cholesterol,
insulin and glucose // Proceedings of the Baku State
University, ser. Natural Sciences. 2009. No. 3. P.
130-137.

[9]

author. dis. ... doc. honey. Sciences. St. Petersburg,
2020. 40 p.

Hao K., Kong.FP., Gao Y.Q., Tang J.W., Chen J.,
Evans A.M., Lightman S.L., Chen X.Q., Du J.Z.

[4] Polak J., Shimoda L.A., Drager L.F., Undem C., Inactivation of corticotropin-releasing hormone-
McHugh H., Polotsky V.Y., Punjabi N.M. induced insulinotropic role by high-altitude
Intermittent Hypoxia Impairs Glucose Homeostasis hypoxia. Diabetes. 2015. Vol. 64. No. 3. P. 785-
in C57BL6/J Mice: Partial Improvement with 795. DOI: 10.2337/db14-0500.

Cessation of the Exposure. Sleep. 2013. Vol. 36. Is.
10. P. 1483-1490. DOI: 10.5665/sleep.3040. [10] Mikati M., Zeinieh M., Kurdi R., Harb S, El
Hokayem J., Daderian R., Shamseddine A., Obeid

[5] Berard L.D., Siemens R., Woo V. Monitoring M., Bitar F., El Sabban M. Long-term effects of
glycemic control. Can. J. Diabetes. 2018. Vol. 42. acute and of chronic hypoxia on behavior and on
Suppl. 1. P. S47-S53. DOI: hippocampal histology in the developing brain.
10.1016/j.jcjd.2017.10.007. Brain Res. 2005. Vol. 157. No. 1. P. 98-102. DOI:

10.1016/j.devbrainres. 2005.03.007.

[6] Nasir Farhadi. Determination of blood sugar levels
in 30-day-old rabbits exposed to hypoxia during [11] Gadzhiev A.M., Bayramova N.I. Early shifts in
prenatal ontogenesis //- Baku: Compendium of blood glucose homeostasis in immature rabbits
scientific works of A.l. Garayev Institute of subjected to hypoxia and exercise // International
Physiology of ANAS and Azerbaijan Society of Journal of Applied and Fundamental Research. -
Physiologists, - 2008. Volume XXVI, - p. 76-79. 2021. - No. 8. - P. 5-8.

[7] Tabolin V.A., Kotlukova N.P., Simonova L.V. et [12] Michiels C. Physiological and pathological
al. Disadaptation syndrome of the cardiovascular responses to hypoxia. Am. J. Pathol. 2004. Vol.
system in newborns who have undergone prenatal 164. No. 6. P. 1875-1882. DOI: 10.1016/S0002-
hypoxia, its clinical pathogenetic variants and role 9440(10)63747-9.
in the formation of heart pathology in young
children // Cardiology, - 2001. No. 10, - p. 35-41. [13] Van Hulten V., van Meijel R.L.J., Goossens G.H.

The impact of hypoxia exposure on glucose

[8] 8 Burykh E.A. General patterns and individual homeostasis in  metabolically compromised

features of the integrative response of the human
body to the effects of acute normobaric hypoxia:

humans: A systematic review. Rev. Endocr. Metab.
Disord. 2021. Vol. 22. P. 471-483 (2021). DOI:
10.1007/s11154-021-09654-0.

JCLMM 2/11 (2023) |216-221



