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CELLULAR, BIOCHEMICAL, IMMUNOLOGICAL COMPOSITION,
PHYSICAL AND CHEMICAL, RHEOLOGICAL PARAMETERS
OF LYMPH AND BLOOD, VOLUME OF INTERSTITIAL FLUID,

DIURESIS IN YOUNG, MATURE AND OLD ANIMALS

Abstract. We studied water homeostasis and the composition of biological fluids from a young body to an old
one. We received a decrease in lymph flow, diuresis, and interstitial fluid volume in mature animals and a further
decrease in old animals in comparison with young ones. In the blood lymph of old animals, an increase in
cholesterol, triglycerides and total lipids was observed. Hemoglobin and platelets increased in the blood and and
lymph decreased-glucose. White blood cells in adulthood increased, and in old age decreased both in the blood and
in the lymph, but the percentage of neutrophils and monocytes increased. The number of neutrophils and monocytes
increased in old age. The number of immunoglobulins G | increased, the number of lymphocyte subpopulations
decreased, and especially SD-16NK, SD-20B in old animals in the blood and in the lymph. Data on biochemical,
cellular, ionic, immune parameters of blood and lymph, lymph flow, diuresis, composition and volume of interstitial
fluid, which corresponded to physiological changes from a young body to a mature one and later to an old one. But
these changes in the extracellular matrix and the lymphatic system reduce the body's homeostatic capabilities and
open the way to the development of diseases of old age.
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Once on land, animal organisms retained their liquid content in the form of tissue fluid, Lymph,
blood, cerebrospinal fluid, and other animal body fluids. The liquid washing the cells, tissues and organs
of the animal body is in constant motion and, despite the existence of numerous barriers, forms an
intraorganizational water cycle. Water homeostasis is a condition for the vital activity of any organism [1].
The main sectors in which the fluid in the cell body is located are the extracellular matrix, blood and
lymphatic capillaries and vessels. Biological fluids of any organism have a specific species composition.
Restructuring occurs in all age periods of life from early ontogenesis to old age [2]. It was interesting to
study the state of water sectors of the body and their composition in different age periods of life from a
young organism to an old one.

The purpose ofthe study: to study the state and composition of biological fluids during life.

Research methods. In accordance with the purpose ofthe study, the experiments were performed on
85 white laboratory rats of the Vistar line, of different ages, which were in the vivarium ofthe Institute on
a standard food and water treatment regime. The study was approved by the local ethical commission of
Asfendiyarov Kazakh National Medical University (Protocol No. 6 (83) of 29.05.2019). Deduction from
experience and painful manipulations on animals were performed under general ether anesthesia.

In young, mature and old age, the study of functional structural processes can be studied in a short
time period only in experiments and in laboratory animals - we chose rats. Determining the ratio of life
expectancy of rats and humans, we used a coefficient of 1.7 [3], which allowed us to refer animals aged
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1-30 days to the child's age of a person (1-15 years), animals 10-12 months to mature age (35-45 years),
and animals aged 2 years - to the elderly (over 75 years). The study followed conditionally selected age
groups - "young" (1-30 days), "mature” (10-12 months) and "old" (22-24 months). Anesthesia of animals
was carried out by inhalation, with ether through a mask, in which a cotton wool with ether was placed.
After anesthesia, an incision was made along the white line of the abdominal muscles, then the thoracic
lymphatic duct was dissected at the diaphragm, into which a graduated micro-cannula was inserted and
through which the lymph nodes were determined and collected for research. In the caudal part of the
abdominal cavity, after collecting lymph, the abdominal aorta was dissected and a teflon catheter was
inserted into it to collect blood.

In blood samples of lymph, the content of total protein, cholesterol, triglycerides, total lipids, urea,
creatinine and bilirubin was determined. The level of activity of the following enzymes was studied:
aminotransferase (Alat), aspartate aminotransferase (ASAT), and alkaline phosphatase amylase in the
lymph and blood plasma, which were determined by a common accepted method using an automotic
biochemical analyzer (COBOS INTEGRA 400). The cellular composition of blood, lymph, and urine was
determined using a hematological analyzer (SYSMEX KX-219 9). Electrolytes in lymph and blood
plasma were studied using the AVL 9190 analyzer (ROCHE DIAGNOSTICS, AUSTRIA 2012).
Determination of biochemical parameters ofurine was performed using an analyzer (high technology USA
2013). The number of white blood cells and the leukocyte formula were determined in dry smears ofblood
and lymph, colored by the method of S. P. Romanovsky. A light microscope (Leica - DM-1000) was used
to study lymph and blood smears. The volume of blood plasma was determined by hematocrit. The
volume of extracellular fluid was determined by passing a low-and high-purity current with subsequent
impedance measurement [4], using a rheograph (REO-MIZAR). The composition of interstitial fluid was
studied after obtaining it by the wick method [5]. The immunogram in blood plasma and lymph was
studied [6]. The subpopulation of lymphocyte composition was determined using flow cytometry using
monoclonal antibodies SD-3, SD-4, SD-8, SD-16,and SD-19, with the determination of the
immunoregulatory index on a flow cytometer (FAX CALIBUS). Immunoglobulins using an enzyme
immunoassay using commercial T systems (Vector Best). Blood pressure and heart rate in animals were
recorded through a surgical monitor sensor (DREGOR).

The results of the experiments were processed by the method of variational statistics on a computer
using the Student's t-test criterion. The results were considered reliable at p<0.05.

Research result. The lymphatic content in young rats was 2.4+0.3 ~l/min. at a weight of 44+5g. or
5.5+0.7 g per 100g. rat tissue, and in mature rats was 7.9£0.5 ~l/min. when the weight of animals is
259+18g. or 3.1+0.2 ~l/min. per 100g. tissue, in old animals 6.1+0.6 yl/ min at a weight of 384.6+22 or
1.6+0.16 g per 100g. body weight (p<0.05). Blood clotting in young rats is 3.59+0.4 min, and in mature
rats 3.48+0.4 min, and in old rats 2.88+0.5 min. In the lymph of young animals, the clotting rate is
3.90£0.5 min. in mature animals 3.68+0.4 min, in old 2.95+0.6 min. The blood viscosity is 5.5+0.5 P in
the young in mature 5.3£0.4 P in old animals 4.5+£0.5 P, in the lymph in young 4.4+0.5 P and mature
4.1+0.6 P, and old 3.6+0.5 P. With increasing age, there was a slight increase in clotting and an increase in
blood and lymph viscosity. The plasma volume of hematocrit in young rats is 48.0x4.2, in mature
45.0+3.2%, and in old 44.3£3.6%. Heart rate in young animals is 496+15, in mature 481+11, and in old
449+14 contractions per minute. Blood pressure in old animals was 108+6, 103+7, in mature animals, and
in young animal’s 94+11 mmHg. The Diuresis in young animals was 0.0019+0.0001 ml/min, and in
mature animals 0.0015+0.0001 ml/min, and in old animals 0.00099+£0.00002 ml/min per 100 g of body
weight (p<0.05). The decrease was from young to mature 26% and from young to old 39% of rats.

We also noticed an increase in cholesterol and triglycerides and total lipids in the blood and lymph,
especially in old rats (cholesterol-15%; 45%; triglycerides-41%; 16%; total lipids-18%; 33%,
respectively). Glucose decreased slightly in mature rats by 26% in blood and 7% in lymph, and in old rats
by 40% and 16%, respectively (table 1). Other studied biochemical parameters of blood and lymph in
young, mature and old animals: urea, bilirubin, creatinine, total protein, a-amylase, Alat,ASATand alkaline
phosphatase fluctuated in the same values.
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Table 1- Biochemical parameters of blood plasma and lymph in young, mature and old animals

Indicators

Urea, mmol/Il
Bilirubin, mmol/I
Creatinine, micromol/l
Glucose, mmol/I
Totalprotein, g/l
a-amylase, unit/ |
Alat, "kat

ASAT, ~kat
Totalcholesterolmmol/I
Triglycerides, mmol/l
Totallipids, g/l
Alkalinephosphatase, E/|

young
animals
4,7 £0,8
3,32+0,94
43,82+3,08
4,6+0,15
68,2+0,43
480445
0,13+0,03
0,18+0,5
1,65+ 0,03
0,85+ 0,04
1,5+ 0,04
342 +14

Blood
mature
animals
4,9+ 0,7
3,47 +0,91
42,8 £3,2
3,65 +0,18*
69,5+ 0,6
485 52
0,14 +0,04
0,20+ 0,2
1,8+ 0,04
0,95+ 0,03
1,65+ 0,05
336 +12

old
animals
5,33+0,7
1,72+0,75*
50,33+4,1
2,8+021*
67,8+0,7
669,4+62
250,95+22
167,6+11
1,9+0,03
12+0,1
1,78+0,04
387+14

Notes: reliable in comparison with the control, - p<0.5%, - p<0.01**

young
animals
6,2 2
0,7 0,02
39,1+3,6
4,62+ 0,19
4.4+ 2
550 +50
140+ 10,23
14049,0
1,24 +0,05
0,68+ 0,03
1,2 +0,04
410 +15

Lymph
mature
animals
3,9+ 0,2
0,5+0,04
42,4+3,8
4,35 +0,17*
39,3 +0,4
570455
150 +10,8
160 +11,5
1,3+ 0,04
0,7 £0,05
1,3 +0,05
480 £17*

old
animals
5,59+0,7
0,6+0,03
44,33+2,7
3,9+0,19*
39,6+0,5
382,4+49
151,949,9
204,2+13,5
1,840,06*
0,79+0,07*
1,8+0,08*
496+18*

The analysis of the obtained results the cellular composition of lymph and blood, we found an
increase in white blood cell count by 50% and lymph by 11% in mature rats, and old there was a decrease
in white blood cell count by 35% and lymph by 16% compared to mature animals (table 2).

Red blood cells decreased by 6.8% compared to mature animals. There was a tendency to increase
hemoglobin with age in adulthood, it increased by 7%, and by old age by 13.6 %. Platelets in the blood

increased with age in the mature by 5%, and in the old by 12%.

Table 2 - Cellular composition of blood and lymph in young, mature and old animals

Indicators

WBC - leukocytes x103"b
RBC - erythrocytes x 106”L
HGB - hemoglobin g/dL
Hct - hematocrit %

PLT - platelets x 103~L
LYM %

LYM x 103~L

young
animals

5,0+0,2
7,3+0,2
14,0+ 0,3
48,0 +4
405 +14
52,0 +2
2,6+ 0,2

Blood

mature
animals
7,5+ 0,1**

7,4+ 0,2
15,0+0,3
45,0+ 3,2
425 +14
55,5+34
2,7£0,3

old
animals
4,9+0,2*

6,9+0,4
15,6+0,5
44,3+3,6
477,5+18
52,54
2,3+0,4

Notes: reliable in comparison with the control, - p<0.5%,- p<0.01**.

Young
animals
13,7 0,4

0,01+0,002

87,2+ 0,8
11,9+0,3

Lymph
mature
animals

15,2+ 0,3*

0,02+0,003

85,0+ 0,8
13,0404

old
animals
12,8+0,5

0,03+0,004

95+1,2
12,2+0,5

The study of ions in blood plasma, lymph and urine did not reveal significant changes in old, mature
and young animals, only in the urine Na ions decreased by 11.3% in mature animals (table3) and 15% in

older animals.

Table 3 - The content of ions in blood plasma, lymph and urine in young, mature and old animals

Indicators
intheblood
Cain the blood (mmol/l)
Na+ in the blood (mmol/l)
K+in the blood (mmol/l)
in the lymph
Ca in the lymph (mmol/l)
Na+ in the lymph (mmol/I)
K+in the lymph (mmol/l)
in the urine
Ca in the urine (mmol/l)
Na+ in the urine (mmol/l)
K+in the urine (mmol/l)

Young rats

0,62 0,05

142 +6,0
3,95+ 0,4

0,44+ 0,04
137,554

3,48+ 03

18,5+2,0
3,05 +0,2

Notes: reliable in comparison with the control, - p<0.5*, - p<0.01**
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Mature rats

0,58 +0,03
140,5 £5,4
3,86 £0,3

0,4+ 0,03
135,1+ 45
3,52+ 0,2

16,41+ 1,02
3,14+ 01

Old rats

0,52+0,06
139,5+7,5
3,75+0,5

0,36+0,04
134,0+6,2
3,40+0,4

15,7+#1,01
3,09+0,1
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W hen analyzing the immunological composition of blood and lymph, pay attention to the increase in
the number of white blood cells by 36% in the blood and 12% in the lymph in Mature animals, but in old
rats there was a decrease in their number (table 4). There was an increase in the number of neutrophils in
the blood and lymph (rod and segmented) and monocytes, and lymphocytes decreased in the blood and
lymph in old rats. In old animals, the blood level decreased by 52%, and in the lymph by 15%. The
number of IgG immunoglobulins increased, both in the blood and in the lymph. The number of
subpopulations of lymphocytes in the blood of old animals decreased (especially SD-16 NK; SD-20
B-lymph) and some decrease was detected in the lymph (table 4).

Interstitial fluid (IL) was obtained using the wick method. Its composition in young animals
(in  mmol/l): Na-135+5; K-4+0.2; Ca-1.1+0.1; Mg-0.6+0.02; Creatine-0.1; Glucose-4.9+0.2;
Urea-4+£0.1 mmol/l; -0.9+0.1 g/l. In Mature animals, Na-139; K-4.3+0.4; Ca-0.9+0.07;
Mg-0.5+0.02; Glucose-4.5£0.1; Urea-4.2+0.3 mmol/l; protein -1.1+0.2 g/I. in old animals, Na-130%4;
K-4.1£0.5; Ca-0.7£0.08; Mg-0.4+£0.02; Glucose-4.1+£0.2; Urea-4.4£0.4 mmol/l; protein -1.1+0.2 g/l. As

protein

we can see, the fluctuations were within physiological limits.

Table 4 - Immunological composition of blood
and lymph in young, mature and old animals

Blood Lymph
Indicators young mature old young mature old
animals animals animals animals animals animals

Leukocytes:1x 109 3,97+0,2 5,4+0,3* 3,45+0,4* 8,5+0,4 9,5+0,6 7,1+0,6*
Neutrophils rod-shaped - 2,8+0,08** 2,6+0,09**
Neutrophilssegmentonuclear 12+11 39+41,4** 58,3+2,8* 2+0,3 12+412* 9+0,9*
Monocytes 5,5+0,5 4,3+0,4 11,3+0,5* 1+0,07 240,05 4+0,09*
Eosonophils - 140,02 1,3+0,03*
Lymphocytes % 82+4 54+3** 42,75+5%* 84,2422 92,0+1,8* 73,3+2,8
abs. 3,45+0,4 2,4+0,2* 1,6+0,4* 78,4+0,5 90,5+0,4* 72,5+0,6
Immunoglobulins
IgM 0,37+0,04 0,45+0,06 0,37+0,05 0,35+0,03 0,4+0,04 0,31+0,05
19G 0,62+0,03  1,8+0,07**  2,47+0,09**  0,55+0,08 0,88+0,06* 0,79+0,06
IgA 0,2940,03 0,29+0,02 0,275+0,02 0,31+0,02 0,35+0,04 0,35+0,06
IgE 21,940,04 18,7+0,04 20,95+0,1 19,5+¢1,1 22+0,9 21+0,8
Lymphocyte subpopulations
SD-3 4942 35+3* 58+ 4 47+ 5 49 +4 4344
T-lymph-s
SD-4 27+3 3242 21,743 28122 29+ 2 263
T-helpers
SD-8 24+1 9+0,7* 24 +15 21 1,7 23+5 1944
T-suppres-s
SD - 16NK 1240,5 18+ 0,8* 7+0,9* 14 £0,9 12+ 11 11+12
SD-20 10+0,6 4,25+ 0,8* 14,5+ 0,6* 12+ 11 15+ 1,2* 12+1.4
B- lymph-s
SD-4/SD-8 (index) 11 13 2,41* 1,34 1,26 1,37

Notes: reliable in comparison with the control, - p<0.5*,- p<0.01**

Highly hydrated and fat-free tissue has less electrical resistance than fat, bone, and epithelial tissue.
High-frequency currents pass through the extracellular and intracellular environment, making it possible
to estimate the fat-free mass,and lower-frequency currents propagate in the extracellular space. Alternating
current with a frequency below 40 kHz propagates mainly through vessels and interstitial slits, while
encircling cells whose resistivity (due to the high ohmic resistance ofthe membranes) is much higher than
the resistivity of the liquid media that make up the intracellular fluid [6]. To determine the volume of IL,
we used a rheography «REO-Mizar" with its electrical characteristics. The frequency of the probing
current of its electrodes is from 30-200 kHz, which allowed us to use its low-frequency currents
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(30-40 kHz) for research purposes. Groups of young and groups of mature and old animals determined the
number of IL in these groups using the lines of the ohmic resistance curves (the group of young rats is
33+3%; the group of mature rats is 29.5+3.3% ofbody weight, the group of old rats is 26.4+3.4% ofbody
weight). There was a decrease in IL to mature by 11% and to old by 20%.

Discussion. In our study, we obtained a decrease in the volume of IL from a young body to mature
age by 11% and to old age by 20%, plasma by 6.25% and 8.4%, respectively. The lymph flow decreased
by 40% to adulthood and 64% to old age, diuresis by 21.1% and 47.9%, respectively. Different values of
the optimal water content in the body's tissues are called, depending on age. But most scientists agree that
with age, hydration in the body's tissues decreases, especially when compared with childhood [7].
Lymphatic vessels and nodes in mammals in the first weeks of life are not able to transport lymph to the
venous channel with sufficient speed. Exogenous and endogenous effects only cause relaxation of the
lymphatic vessels and nodes themselves [8]. The morphofunctional picture of lymphatic vessels and nodes
at each stage of postnatal development of animals is reflected in the shifts of the scrotum in response to
neurogenic effects [8]. The gradual formation ofthe movement of lymph from the tissue to the venous bed
was detected [9]. In the first weeks after the birth of animals, the following extravasal forces (oncotic,
osmotic, hydrostatic pressure) and extralimphatic factors (respiration, vascular pulsation, intestinal
contraction, muscle contraction) act mainly on the processes of lymph formation. The results of our
previous studies showed the formation of innervation and structural elements in the wall of lymphatic
vessels and nodes [10]. The formation of their own mechanisms of lymph movement begins in rats at the
age of one or two months, when the leading role in the transport of lymph becomes its own contractile
activity of smooth muscle cells in the lymphatic vessels and nodes [11]. The volume of extracellular water
in newborns and young mammals gradually decreases as the motor activity of smooth muscle cells in the
lymph nodes and vessels increases and the excretory function of the kidneys increases. All this does not
contradict the dynamics of the body's water sectors, biochemical and rheological indicators of blood and
lymph. The immune system ofthe blood undergoes synchronous changes with the lymphatic system [12].
These changes occurred both in the blood and lymph, and in the structure ofthe lymph nodes.

In old animals, there are involute changes in the lymphatic system and extracellular matrix. These
structural changes are associated with tissue hypoxia, a shift in the pro - and antioxidant balance to the
acidic side, the appearance of free radicals, and changes in lipid peroxidation. There is fibrosis, atrophy,
which lead to deformation of the lymphatic capillaries [13]. Sclerosis develops in the walls of blood
vessels and lymph nodes, which changes their smooth muscles [14]. The change also occurs in the
sympathetic innervation nodes [10]. Aging processes are observed in the internal structure of lymph nodes
- reticular tissue turns into collagen fibers, the cellular composition of lymphoid tissue changes -
lymphoid cells and lymphoid nodules decrease [15]. Thus, a complex of changes in the body's biological
fluids and primarily in the extracellular matrix of the lymphatic system reduces the body's homeostatic
capabilities and opens the way to the development of diseases of old age.

Conclusion. We received a decrease in lymph flow, diuresis, and interstitial fluid volume in mature
animals and a further decrease in old animals in comparison with young ones. In the blood lymph of old
animals, an increase in cholesterol, triglycerides and total lipids was observed. Hemoglobin and platelets
increased in the blood and in the blood and lymph decreased - glucose. White blood cells in adulthood
increased, and in old age decreased both in the blood and in the lymph, but the percentage of neutrophils
and monocytes increased. The number of neutrophils and monocytes increased in old age. The number of
LgG | immunoglobulins increased, the number of lymphocyte subpopulations decreased, and especially
SD-16NK, SD-20B in old animals in the blood and in the lymph. Data on biochemical, cellular, ionic,
immune parameters of blood and lymph, lymph flow, diuresis, composition and volume of interstitial
fluid, which corresponded to physiological changes from a young body to a mature one and later to an old
one. But these changes in the extracellular matrix and the lymphatic system reduce the body's homeostatic
capabilities and open the way to the development of diseases of old age.

This work was supported in theframework ofa research project AP05133060 M ES RK.
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I.A. JemueHkol C.T. TeneyxaHos2 C.H 36aipeLiosl,
A.M. Kanekewol C.O. Ocukbaesa? b.A. HypmyxaHoBal K.H XaknHa2

KP FK BEM «AgaM >3aHe xaHyapnap (pusnonoruacel UHCTUTYTbl» PMK, Anmatbl, KazaxcTtaH;
29n-dapabu aTbiHAarbl Kasak ATTbIK Kazaxckuil yHuBepcuTeTi, AimaTbl

XAC, EPECEK XX3HE K3P1 XXAHYAPNAPALIH TMM®A MEH KAHbIHbIH XXACYLLANbIK,
BNOXUMUNANBIK, UMMYHOJIOT UANBIK K¥PAMbI, ®UNKA-XUMUSATIBIK,
PEOJTOTUANBIK KOPCETK1LWTEP1 XXSHE APAJIbIK C¥MbIKTbIK KOJIEM1 MEH ANYPE3

AHHoTauma. Taxipnbe MHCTUTYTTLIH BUBaPUbIHAA CTaHLAPTThI TaMaK XX3He Cy pexxumiiae 6onraH apTYphi xactarbl, 85 ak
nabopatopuanbik Vistor xeniciHgeri ereyk¥ipbikTapra Xypnswar XactaH kapi opraHusmre geiiH cyfbil, FOMEOCTasblH X3He
BronornAnbIK CYMbIKTLIKTapAbIH K paMbl 3epTTeNiHAi. Kac xaHyapnapra kaparaHa epeceKTeH oaH 3pi KapLbkKe AeltiH numda
arbiChIHbIL, AVYPe3AL, NHTepCTULMaabl CYALIKTEXThIH KeNeMLLL, TeMeHaeyi naiiaa 60/asl. YKac AnrarobiMeH KaH MeH uMda
Keiibip TYTKbIPAbIrGI apTybl MeH ¥bIFbILTbIKTLIH KYieioi Galikangsl. [eMaTokpuT 6olbiHILIA Mia3vMa Kenemi TemeHaena.
ETeyk pbIKTapAbIL, KapTTbIK Kesellue asfaraH >KYPeK >KUbIpbiiybl XULITLWILL, TEMEHAEYI >K3He apTepus/blK KbICbIMbIHbIL,
Xorapblnaybl aHbiKTangpl. Kapi xxaHyapnappiy, iMMgack! MeH KaHblHAa XONeCTePUH, TPUMNLEPUATEP MeH XXannbl MMNUATEPSIH
~nratobl Gawangsl. KaHga remornobuH xaHe TpombouuTTep ecta, an KaH MeH numdaga rokosa TemeHieda. Epecek
XacTarbinapga feikouuTTep ynraigbl, an KIpunkTe kaHga fda, uMmdiaga fa TemeHgeda, 6ipak naiibi3fgblK KaTbiHacTa
HelTpotnnaep, MOHOLMTTEPALL, caHbl apTTbl. KapTTbikka HelTpothuagep MeH MOHOLMTTEPALL CaHbl apTThbl. Kapi >xaHyapnapAbiL
LgGl vMMyHOrnobynnHAEPiHiH CaHbl apTTbl, KaHAarbl >X3He nuMdagarbl AMMQOLMTTEPAL, Cybnonynsums caHbl 3cipece
C - 16 NK, C - 20B TemeHgefa. Kapi >aHyapnapga numda X iien MeH XacyllafaH TbiC MaTpPeKCcTe MHBOMOTUBTXK e3repictep
Galikanagbl. BN K¥pbINbIMAbIK e3reproTep TLWAX TUMOKCUAMEH, MPO-X3HE aHTMOKCUAAHTTLIK Tene-TeBAKTLLY KbILUKbI XakKa
XbIMKbIYbIMEH, 60C pagvkangapabll, nainga 60nybiMeH 6aiinaHbICTbl, MMNUATEPAIH TOTbIrYbl e3repesi. Prbpos, atpodus nanga
60nafibl, 0N KaH >X3He numda KanuanapnapbiHbIl fedopMaumaceiHa akenefi. KaHHbIL GUOXUMUANBIK, XacyLuanbik, VOHLBIK,
VMYHZBIK KepCeTKiLLTepi, IMM(a arbiCbl, AMypes, MHTEpCTULMabAbl CHALIKTLIKTLIH K¥paMbl MeH Kenemi 6OiblHLIa fepexTep
Xac ars3afjaH XeTifireH XK3He ofjaH 3pi KIPLLXK arsara cail (pr3nonormabiK esrepictepre calikec kenegi. bipak acyluafaH Tbic
MaTpUKC MeH numda MKYVleCiHaeri ocbl esrepioTep arsaHbll, romMeocTaTiKanbik MYMKIHEIKTEPIH TeMeHeTeqi XaHe KapTTbIK
aypynapbiHbIL, AamMyblHa KON alagp!.

TywwH cesaep: umba, KaH, ANypes, MHTepCTULMabbl CMABIKTHIK, TMMda YKYVAeC, KapLux.

IA. JemueHkol C.T. TyneyxaHos2 C.H. A6apeLuosl
A.M Kanekewosl C.O. OcukbaeBa2 b.A. HypmyxaHoBal K.H »XakunHa2

P «/HCTUTYT (husnonorum yenoseka 1 unsoTHbix» MOH PK, AnmMatbl, KazaxcTaH;
'KazaxCKuWil HaLMOHa/IbHbIN YHUBEPCUTET UM. anb-®apabu, AnMathbl, KasaxcTaH

KNETOYHbIA, BUIOXUMUYECKNIN, UMMYHONOMYECKNIA COCTAB,
PUN3NKO-XNMUYECKUE, PEOJIOTMYECKWE NMOKASATEIN TNM®bl N KPOBW,
OBbEM UHTEPCTULINANBHOW XXUAKOCTW, ANYPE3 Y MOJOAbIX,
3PEJIbIX N CTAPBIX XVBOTHbIX

AHHOTaUMA. SKCNEPUMEHTBI BbINOMHEHbI Ha 85 6ebiX 1abopaTopHbIX Kpbicax AMHWUK Vistor, pa3HOro Bo3pacTa, KoTopble
Haxounuchb B BMBapMW WMHCTUTYTa Ha CTaH4apTHOM MNWLLEBOM W BOAHOM pexxumMe. M3yunnu BOAHbIA FOMeoCTas U CocTas
61ONOrNYecKNX >XUAKOCTE OT MO/OAOr0 OpraHmM3My K cTapomy. [lonyumnu CHibkeHve nMMAQOTOKa, Auype3a, 06bema
VHTEPCTULMABHOA JXUAKOCTU Y 3penbiX W AanbHelLliee CHUDKEHWe K CTapbiM >XMBOTHbIM B CpaBHeHWW € Monogbimu. C
yBeNnyeHneM BO3pacTa Habnroaanock HEKOTOPOe YCU/EHNE CBEPTLIBAEMOCTH W MOBbILLEHWE BA3KOCTU KPOBU U UMbl O6beM
Mnna3mMbl MO remMaToKpuTy CHuXancs. OB6HapYXnnock HeKoTopoe ypexxeHne YCC 1 NOBbILLEHWE apTepuaibHOrO AaB/eHuns y Kpbic
K CTapocTut. B n1Mmde 1 KpoBY y CTapbIX XXUBOTHbIX HAb/OAAN0CH YBENMYeHVe X0NeCTePUHA, TPUMNLIEPUA0B U 0BLLMX IMNNL0B.
B KpoBM yBennumacs remornobrH n TpoM6OLUUTLI, & B KPOBM M IUMME CHW3UMAChL TNtOKO3a. J1elikoumTbl B 3pefioM BO3pacTe
YBE/IMUYUMNCH, & K CTAPOCTU CHU3MWCH Kak B KPOBW, TaK W B MMQE, HO B MPOLEHTHOM OTHOLLEHUW YBENMYIUIOCH KOMIMYECTBO
HeTPO(NIOB, MOHOLMTOB. YBENMYMIOCH KO/MYECTBO HEATPO(PUAOB M MOHOLUMTOB K CTapoCTW. YBENNYMIOCh KOIMYECTBO
MMMYHOT106ynnHoB LgG |, CHM3MNOCL KOIMYECTBO cybnonynsumum nmmdounTos 1 ocobeHHo CL - 16NK, C - 20 B y cTapbix
XXMBOTHBIX B KPOBW W B IUM{E. Y CTapbIX XMBOTHbIX HAbMHOAaeTCA MHBOMIOTUBHbIE U3MEHEHUS B IMM(AaTNYECKOi cucTeme v
BHEK/IETOYHOM MaTpeKkce. 3TU CTPYKTYPHbIE U3MEHEHWS CBA3aHbl C TKAHEBOW FMMNOKCKel, CABUIOM MPO-WM aHTUOKCUAAHTHOIO
paBHOBECUSA B KWUC/YHO CTOPOHY, MOSIBMIEHWIO CBOGOAHBIX PafiMKaioB, MEHSETCA NepeKUCHOe OKMCNeHWe NUnuaos. Bo3HuKaeT
(nbpo3, aTpotns, KoTopble NPUBOAAT K AedopmMauuy KPOBEHOCHBIX W NMMMATUHECKUX Kanunnapos. [aHHble 1o
OUOXUMUYECKUM, KNIETOYHBLIM, NOHHBIM, UMMYHHbIM MOKa3aTeNnssM KpoBu WU IUMMbI, MMGOTOKY, AMYpesy, cocTaBy U 06bemy
VHTEPCTULMAIbHO XWUAKOCTH, KOTOPble COOTBETCTBOBA/IN (H3MO/I0MMYECKNM M3MEHEHVSAM OT MOMIOA0r0 OpraHnu3ma K 3pefioMy u
B fJanbHedwem K cTapomy. HO yxe 3T W3MEeHeHWs BO BHEKNETOYHOM MaTpuKce U NUMAATUYECKOA CUCTEME CHIDKAOT
romMeocTaTMyeckme BO3MOXHOCTY OpraH/3ma 1 OTKPbIBAOT NyTb K Pa3BUTMIO BOMIe3Hel cTapocTu.

KnoueBble crosa: MMda, KpoBb, AWYPes, UHTEPCTULMATbHAA XULAKOCTb, MMpaTUYecKas CUCTEMa, CTapoCTb.
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