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Abstract. It was performed on 3-month-old rabbits, which were exposed to acute (20 minutes)
and severe form of exogenous hypoxia (forced breathing in a nitrogen atmosphere with 5% O, in
pressure chamber conditions). Immediately after that (in the 1st, 3rd and 6th hours), the amount of
lactate in their blood was determined. First, we studied the normal level of lactate in the blood of 3-
month-old guinea pigs, then we subjected them to a hypoxia load and determined lactate. This
series of experiments conducted by us allows us to get an idea of how blood lactate levels initially
change in 3-month-old rabbits that have not yet reached sexual maturity under normal conditions
and during the effects of various severe loads (such as acute hypoxia, long-term immobilization,
and fast running). Here, we want to mention once again about lactate that this simple carbohydrate
metabolite, along with other simple carbohydrates such as pyruvate (pyruvic acid) in the human and
animal body, when there is a lack of oxygen in its cells, the glycolysis process (anaerobic
decomposition of glucose) is carried out even faster, is an indicator of metabolic and functional
importance that allows us to make judgments about its end products and at the same time its
intensity and duration. As a final product of glycolysis, lactate accumulated in cells and tissues
causes a change in the buffer systems there, an increase in the activity of the acidic range of pH
(acidosis) and other negative reactions. An increase in the amount of lactate in the blood is
considered a relatively weak toxic factor for the body. From this point of view, lactate is one of the
harmful metabolites of the body. But studies have shown that the lactate formed as a result of
glycolysis and other carbohydrate exchange processes is also used for the resynthesis (resynthesis)
of sugars that are energetically useful for the body, that is, the body uses it as an energetic substrate.
Therefore, the pronounced change in the level of lactate in the blood can also be considered as a
kind of adaptive-defense reaction.

Annomayus. B mpenctaBieHHONW cTaTbe pacCMaTPUBAIOTCS Pe3YNbTaThl HAOMIONEHUH Ha 3-
MECSYHBIX KPOJIMKaX, MOABEprimnxcst octpoit (20 MUHYT) U TsDKENOH (hopMe 3K30T€HHOM THITOKCHU
(mpuHyIHUTEIHHOE AbIXaHHe B aTMocepe azora ¢ 5% O B GapokaMepHbIX ycinoBusix). Cpa3y mocie
storo (B 1, 3 u 6 uacel) ompenensiad KOJIUYECTBO JakTara B KpoBH. CHauana HamMHu HU3y4deH
HOpMaHBHBIfI YPOBCHL JIaKTara B KPOBU Yy 3-MeCSIYHBIX MOPCKHUX CBHHOK, 3aT€M ITOABCPrIINXCA
TMIIOKCUYECKON Harpyske, I omnpeaensuics jakTar. IIpoBeneHHas HamMHu cepHusl DKCIIEPUMEHTOB
MIO3BOJISIET INOJIYYUTh MPEACTABIECHUE O TOM, KaK NEPBOHAYAJIbHO M3MEHSETCS YPOBEHb JaKTara B
KpOBH Y 3-MeCSIYHBIX KPOJIMKOB, €IIC HC JOCTHUTTIHUX MTOJIOBOH 3p€JIOCTH, B HOPMAJIBHBIX YCIIOBHAX
U TIpU BO3JEHCTBUHU PA3IUYHBIX TSKENBIX Harpy3o0k (Hampumep, OCTPOIl TUIIOKCUM) JIMTEIbHas
UMMOOHIN3aIUs U OBICTPBIA Oer). 31ech MBI XOTUM €Ille pa3 YIOMSIHYTh O JIaKTaTe, 3TOM IPOCTOM
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MeTaboIuTe YINIEBOAOB, Hapsily C JAPYTUMHU MPOCTHIMH YIVIEBOJAaMH, TAaKUMHU Kak MHpYyBaT
(mMpoBUHOTpaIHAS KHUCIIOTA), B OPTaHMW3ME YeJOBEKa U KUBOTHBIX MPU HEJOCTATKE KHUCIOpOIa B
€ro KJIETKaxX MPOUCXOIUT MPOLECC TIIMKOIHN3a (aHA3POOHOE Pa3NIoKEHUE TIIFOKO3bI) OCYIIECTBISACTCS
eme OBICTpee, UTO SBISETCS IMOKa3areleM MeTa0OIM4ecKoil u (DyHKIIMOHATBHOW 3HAYHMOCTH,
MO3BOJIAIOIIMM CYIUTh O €ro KOHEYHBIX MPOAYKTaX M OJHOBPEMEHHO O €r0 MHTEHCHUBHOCTU M
MPOAOJDKUTENBHOCTU. SIBISISICH KOHEYHBIM MPOIYKTOM IJIMKOJM3a, JIAKTaT, HAKaIUIMBAIOIIUKCA B
KJIETKaX M TKaHsX, BBI3bIBACT U3MECHEHUE TaM Oy(EepHBIX CUCTEM, MOBHINICHNE AKTUBHOCTH KHUCIIOTO
nuanaszona pH (anumo3) u apyrue HeraTUBHBIC peaKlUU. YBETUYCHUE KOJIMYECTBA JIAKTaTa B KPOBU
CUMTAETCS OTHOCUTENILHO CIa0bIM TOKCHYECKUM (hakTopoMm ajisi opranu3ma. C 3TOi TOYKU 3pEHUS
JIAKTaT SBJSETCS OJHUM M3 BpPEAHBIX MeTabonuToB opraHu3Ma. Ho umccrienoBaHus mokaszaiu, 4ToO
JaKTatr, oOpasyoLMiics B pe3yibrare DIMKOJHM3a W JAPYIHX IPOLECCOB YITIEBOAHOTO OOMEHa,
HCIOJIB3YETCS U JJISl peCUHTE3a (PECUHTE3) SHEPIreTUUECKH IOJIE3HBIX JUIsl OpraHu3Ma caxapoB, TO
€CTh OpPTraHU3M HCIOJNB3YET €ro Kak 3HepreTudeckuid cyocrpar. [1oaTomy BbIpakeHHOE U3MEHEHUE
YpOBHS JIaKTaTa B KPOBU TaKKe MOXKHO paccMarpuBaTh Kak CBOCOOPA3HYIO aJalTHUBHO-3AIIUTHYIO
peakuuio.

Keywords: 3-month-old rabbit, hypoxia, physical loads, lactate.
Kniouegvie cnosa: Xponuk 3-X MecALeB, THIIOKCUS, (PU3NYECKUE HATPY3KH, JTaKTaT.

In extreme and stressful conditions, the primary needs of the body for energy (ATA) are met
due to the oxidation (“burning”, complete breakdown) of glucose, which has the function of
“emergency fuel” in cells, in the O, environment. This aerobic energetic process is carried out more
intensively in intensively functioning structures such as the brain, heart, working skeletal muscles,
kidneys, and this process directly depends on the amount of glucose in the blood flowing to them
[6]. High O, tension (pO;) in organs and blood circulation are important physiological tasks and are
regulated through different mechanisms.

Anaerobic glycolysis, which functions as an evolutionarily older and universal energy
exchange mechanism, 1i.e. incomplete ‘“oxidation” of glucose in cells without oxygen,
enzymatically, in stages and quickly (decomposition) reactions are reported [5].

Anaerobic glycolysis is a temporary metabolic process that occurs under the influence of
various specific enzymes, especially for muscles that work hard for short periods of time. Anaerobic
glycolysis is aggravated during intense nervous and cardiac activity, rapid physical movements
(quick locomotor acts). For example, during a 100 m sprint, anaerobic glycolysis in the athlete’s
“white muscles” quickly reaches a very high level [7].

Biochemical characteristics of anaerobic glycolysis are also interesting. This incomplete
process results in 2 molecules of ATA (biological energy carrier) from one glucose molecule
(CeH1206) and two important final intermediate metabolites — in one case 2 molecules of pyruvate
(pyruvic acid, C3H¢Os) and in the other case 2 molecules of lactate (lactic acid, C3HsO3) results in
formation.

Materials and methods
For our experimental work, lactate is of particular importance. Lactate is actually a product of
pyruvate reduction due to the effects of NAD and NAD*H cofactors and lactate dehydrogenase
(LDH) enzyme; it is an active and multifunctional metabolite involved in turn reactions.

O]
E Tun nuyensuu CC: Attribution 4.0 International (CC BY 4.0) 118



broemens nayxu u npaxkmuxu [ Bulletin of Science and Practice T. 10. Ne4. 2024
https://www.bulletennauki.ru https://doi.org/10.33619/2414-2948/101

As a result of fast and temporary anaerobic glycolysis in the tissues, a large amount of lactate
accumulates in the plasma of cells, and with the help of a special cellular mechanism, a significant
part of it passes into the blood and circulates in the body with the blood [7].

According to the physiological and biochemical ideas about lactate, for a long-time lactate
accumulated in intensively working skeletal muscles as well as in the blood can cause weak
poisoning, fatigue, shortness of breath, acidosis and other pathological effects in the body. Lactate
“decontamination” and involvement in metabolic processes (anabolic processes) takes place in the
liver. Here, the catalytic activity of the LDH enzyme is very high, and a significant part of the
lactate is used for resynthesis reactions of glycogen reserve polysaccharide, especially glucose [4].

Lactate undergoes aerobic decomposition (oxidation reactions) when aerobic respiration is
restored when sufficient O, enters the body and its tissues (cells). Thus, lactate is characterized as
one of the main products of glycolysis occurring in the body during the effects of heavy loads such
as hypoxia, intense physical activity, etc., and it has a wide range of metabolic and adaptive
properties. It should be noted that the increase of lactam in the blood indicates the degree of
ischemia (lack of blood, hence hypoxia) occurring in the tissues. During hypoxia, the level of
lactate in cells and blood definitely increases [6].

Results and discussion

Experimental evidence and theoretical studies on the quantitative changes and metabolism of
lactate in blood and other tissues in different functional states are not abundant. Most of the studies
in this direction were carried out on school-age children and young athletes exposed to various
physical loads.

According to some literature materials, the activity of lactate dehydrogenase enzyme in the
blood and the amount of lactate in early age, both in boys and girls, change according to complex
dynamics in relation to age. It is shown that the activity of LDH enzyme is weak in schoolchildren
from 7 to 10 years old, while it increases in the later age period (13-15 years old), and then it
changes little and remains at a relatively stable level. The level of lactate in the blood is determined
in high limits with age. Thus, the blood lactate index in boys at the age of 7-14 is 7.6+0.38-
14.6+1.63 mg %, and the blood lactate index in girls at the same age is 8.3+0.48-13.8+0 It
fluctuates between 0.99 mg % [2].

Exercises on a bicycle ergometer, which strengthens the physical endurance of the body,
activate the aerobic mechanisms of energy supply (requiring oxygen consumption) in young
athletes to a high degree. After performing a cycle ergometry test, the levels of pyruvate and lactate,
which are the end products of anaerobic glycolysis, in their blood significantly increase compared
to the norm — pyruvate rises 1.5 times, lactate is 5.6+0.7 mmol/l (normal level is 0.5-2.2 mmol/l)
[3].

It is clear from these facts that the production of lactate as a metabolite and its involvement in
carbohydrate and energy metabolism in the animal or human body at different ages and under the
influence of various external factors is one of the most interesting, important physiological and
biochemical issues. Taking this into account, it was important for us to study the initial level of
lactate in the blood and its dynamics in different conditions — during hypoxia and physical loading
— on young laboratory animals.

As in our previous experimental studies, this series of experiments was also performed on
immature 3-month-old rabbits, which were exposed to acute (20 minutes) and severe form of
exogenous hypoxia (forced breathing in nitrogen atmosphere with 5% O; in pressure chamber
conditions). Immediately after that (in the Ist, 3rd and 6th hours), the amount of lactate in their
blood was determined [1].
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First, we studied the normal level of lactate in the blood of 3-month-old intake donkeys, then
we exposed them to the above-mentioned hypoxia load and determined the lactate. The
experimental results obtained at this time are given in Table 1.

Table 1
QUANTITATIVE INDICATORS OF BLOOD LACTATE
IN NORMAL AND AFTER HYPOXIA IN 3-MONTH-OLD RABBITS
(M=£m, n=5).
Research conditions The amount of lactate
Unspoilt in rabbits Normally 4.8+0.6 mg%
Hypoxic in rabbits After hypoxia
In the 1st hour In the 3rd hour At the 6th hour
6.2+0.34 mg% 7.6+0.58 mg% 5.3+0.20
(p <0.05) (p< 0.78) mg%

When we pay attention to the numerical indicators obtained during this research, we get the
impression that lactate in the blood of 3-month-old rabbits with relative motor activity in normal
and vivarium conditions is found in the amount of 4.8+0.6 mg%. It seems that such a high level of
lactate in the blood, as a product of glycolysis and other carbohydrate exchange reactions that occur
naturally in the tissues of the animal body, primarily in working skeletal muscles, at this age and
performing relatively active locomotor acts (displacement movements) is probably normal.

During the impact of acute and severe hypoxia, the animal's body undergoes a high stress
state in the first moments, they try and try to get rid of the hypoxic situation, and this and the
subsequent posthypoxic reactions, primarily the intensification of anaerobic glycolysis, can lead to a
significant increase in the level of lactate in the blood.

Table 1 shows that the blood lactate concentration increases to 6.2-7.6 mg% in 1-3 hours after
acute and severe hypoxia exposure in 3-month-old rabbits. It is also worth noting that the blood
lactate level decreases to normal limits (up to 5.3+0.20 mg%) in the 6th hour after the hypoxia test.
Probably, this trend can become stronger later.

Following this experiment, we carried out further experiments to determine lactate in the
blood of 3-month-old rabbits subjected to 1-hour immobilization and 10-minute forced running
loads. The results of the experiment are shown in Table 2.

Table 2
QUANTITATIVE CHANGES IN BLOOD LACTATE IN 3-MONTH-OLD RABBITS IMMEDIATELY
AFTER 1-HOUR IMMOBILIZATION ON THE PLATFORM AND 10-MINUTE TREADMILL
RUNNING TESTS (M+m, n=5, in mg%)

Types of experience Blood lactate determination times
1 hour later 3 hours later 6 hours later
Immobilization on the platform 5.4+0.10 5.0+0.16 4.1+0.23
mg% mg% mg%
On the thread band escape 5.9+0.43 5.20+0.24 4.2+0.30
mg% mg% mg%

Note: * — sign indicates the reliability of the difference between experimental and control indicators
at P<0.05

The results we obtained in these experiments, performed by applying different types of
physical loads, are also interesting in themselves.
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As it is clear from the facts we received, the amount of lactate in the blood of 3-month-old
rabbits that were firmly fixed to the platform and kept in this position for 1 hour fluctuated almost
within the limits of the normative indicator, that is, it did not change at noticeable levels. It seems
that the metabolic processes that enable the formation of lactate do not develop as much in the
animal body that remains in a state of relative immobility or submaximal kinesthetic for a long
time. But since the load of forced and fast running is related to acute muscle work, first of all, as a
result of the increased energy demands of the working muscles and the obstacles in the process of
supplying the muscles with blood and therefore oxygen, anaerobic glycolysis intensifies. This
definitely causes an increase in lactate in the blood in the first moments. As can be seen from the
table, 1 hour after running for 10 minutes on the treadmill, the concentration of lactate in the blood
is significantly higher than the norm (norm — 4.8+0.6 mg%, immediately after the running test-
5.94£0.43 mg%, p<0,05).

The last experiment in this series of studies involved forcing 3-month-old rabbits to run on a
treadmill for 10 minutes under severe hypoxia for 20 minutes. Our experiments conducted in the
previous series showed that blood glucose, pH, and hemoglobin levels are characterized by specific
changes when one or another physical load (in our experience, immobilization and forced running
loads) is applied immediately after severe hypoxic exposure.

It should also be noted that the level of lactate in the blood is directly related to the anaerobic
breakdown of glucose in cells, the level of pH and the amount of oxygen delivered to cells through
hemoglobin, the level of activity of glycolytic enzymes and other biochemical, metabolic and
functional conditions, as well as accumulated in blood and other tissues. is an indicator determined
by the degree of utilization of lactate for exchange purposes. The last condition is mostly
determined by the activity of enzymes regulating lactate metabolism (LDH, etc.).

In this series of experiments, the most important issue for us was to monitor the amount of
lactate changes in the blood when applying severe exogenous hypoxic exposure to 3-month-old
rabbits in a complex case and the subsequent fast running test. Thus, in our previous experiments, it
became clear to us that when applying the severe exogenous hypoxia + immobilization
experimental model, the observed effect develops and manifests itself mainly as a result of the
effect of severe hypoxia, where the role of immobilization is quite minimal.

The issue of lactate formation and accumulation in the blood under complex loads such as 20
minutes of severe exogenous hypoxia in the chamber and 10 minutes of forced running on a rapidly
rotating drum wheel (tread band) was very interesting and important for us in a number of ways. In
the experiments we conducted in this variant, the results we obtained on the concentration of lactate
in the blood, when a 10-minute running load was applied separately to 3-month-old rabbits, are
compared with the dynamic indicators of the concentration of lactate in the venous blood. It is
presented in the shape of a curve.

The experimental results presented here show that changes in the level of lactate in the blood
are more pronounced during physical loading against the background of postnatal hypoxia, which is
the most important component of our research. Let’s pay attention to the following indicators for
comparison: First, we determined that the determined amount of lactate in venous blood in normal
(intact) 3-month-old rabbits is on average 4.8+0.6 mg%. When experimental rabbits of this age
were exposed to severe hypoxia for 20 minutes in a pressure chamber, this level increased
significantly and reached 6.2+0.34 mg% in the 1st hour after this test, 7.6+0.58 mg% in the 3rd
hour, 6- It was 5.3+0.20 mg% in the second hour. The amount of lactate in the venous blood of 3-
month-old rabbits forced to run for 10 minutes on a rapidly rotating trend ban wheel was 5.9+0.43
mg%, 5.2+0.24 mg% and 4.2 mg%, respectively has done. The last experiment of this series of
studies, that is, subjecting 3-month-old rabbits to a forced run test for 10 minutes on a rapidly
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rotating wheel immediately after placing them in a state of severe hypoxia for 20 minutes, yielded
significantly different experimental results than those mentioned above. Thus, this complex extreme
load is characterized by an even sharper increase in the amount of lactate in the blood and its high
level remaining for 6 hours after a heavy complex effect, that is, this reaction is more stable.

Table 3
COMPARATIVE DESCRIPTION OF LACTATE QUANTITY CHANGES IN THE VENOUS BLOOD
OF 3-MONTH-OLD RABBITS IN THE EXPERIMENTS WITH RUNNING LOAD AND HYPOXIA +
RUNNING LOAD SEPARATELY (M+m, n=5, lactate in mg%)

Conditions of experiments The amount of lactate in the blood
In the 1st hour In the 3rd hour At the 6th hour
After running for 10 minutes on a treadmill 5.9+0.43 5.2+0.24 4.46+0.30
that spins at a speed of 40-45 rpm
After 20 minutes of hypoxia in a pressure 7.8+£0.37** 7.5£0.28** 5,2+0.20*
chamber followed by 10 minutes of treadmill p <0.01 p <0.01 p <0.05

running

Note: * and ** — signs indicate the degree of statistical reliability of the results of the last experiment
compared to the previous “experience” and norm indicators

Conclusion

Thus, this series of experiments conducted by us allows us to get an idea of how blood lactate
changes initially in normal conditions and during the effects of various heavy loads (factors such as
acute hypoxia, long-term immobilization, and fast running) in 3-month-old rabbits that have not yet
reached the period of sexual maturity. Here, we want to mention once again about lactate that this
simple carbohydrate metabolite, along with other simple carbohydrates such as pyruvate (pyruvic
acid) in the human and animal body, when there is a lack of oxygen in its cells, the glycolysis
process (anaerobic decomposition of glucose) is carried out even faster. ) is an indicator of
metabolic and functional importance that allows us to make judgments about its end products and at
the same time its intensity and duration.

As a final product of glycolysis, lactate accumulated in cells and tissues causes a change in
the buffer systems there, an increase in the activity of the acidic range of pH (acidosis) and other
negative reactions. An increase in the amount of lactate in the blood is considered a relatively weak
toxic factor for the body. From this point of view, lactate is one of the harmful metabolites of the
body. But studies have shown that the lactate formed as a result of glycolysis and other
carbohydrate exchange processes is also used for the resynthesis (resynthesis) of sugars that are
energetically useful for the body, that is, the body uses it as an energetic substrate. Therefore, the
pronounced change in the level of lactate in the blood can also be considered as a kind of adaptive-
defense reaction.
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