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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

A bstract. 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 I 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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O nce on land, anim al organism s retained  th e ir  liquid  con ten t in  the form  o f  tissue fluid, Lym ph, 
b lood, cerebrospinal fluid, and other anim al body  fluids. The liquid  w ashing  the cells, tissues and organs 
o f  the anim al body  is in constan t m otion  and, despite the existence o f  num erous barriers, form s an 
intraorganizational w ater cycle. W ater hom eostasis is a  condition fo r the vital activ ity  o f  any  organism  [1]. 
The m ain  sectors in  w hich  the flu id  in  the cell body  is located  are the ex tracellu lar m atrix , b lood  and 
lym phatic capillaries and vessels. B iological fluids o f  any organism  have a  specific species com position. 
R estructuring occurs in  all age periods o f  life from  early  ontogenesis to  o ld  age [2]. I t w as in teresting to  
study the state o f  w ater sectors o f  the body  and  th e ir  com position  in  d ifferen t age periods o f  life from  a 
young organism  to  an  o ld  one.

T h e  p u rp o se  o f  th e  s tu d y : to  study the state and com position  o f  b io logical fluids during life.
R e se a rc h  m e th o d s . In accordance w ith  the purpose o f  the study, the experim ents w ere perform ed on 

85 w hite laboratory  rats o f  the V istar line, o f  d ifferen t ages, w hich  w ere in the vivarium  o f  the Institute on 
a  standard food and w ater trea tm en t regim e. The study w as approved  by  the local ethical com m ission  o f  
A sfendiyarov  K azakh N ational M edical U niversity  (Protocol N o. 6 (83) o f  29.05.2019). D eduction from  
experience and painful m anipulations on anim als w ere perform ed u n d er general e ther anesthesia.

In young, m ature and old age, the study o f  functional structural p rocesses can be studied in  a  short 
tim e period  only  in experim ents and in  laboratory  anim als -  w e chose rats. D eterm ining the ratio o f  life 
expectancy o f  rats and hum ans, w e used  a  coefficien t o f  1.7 [3], w hich  allow ed us to  refer anim als aged
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1-30 days to  the child 's age o f  a  person  (1-15 years), anim als 10-12 m onths to  m ature age (35-45 years), 
and anim als aged 2 years -  to  the elderly  (over 75 years). The study fo llow ed conditionally  selected age 
groups -  "young" (1-30 days), "m ature" (10-12 m onths) and  "old" (22-24 m onths). A nesthesia  o f  anim als 
w as carried  ou t by  inhalation, w ith  ether th rough  a m ask, in  w hich  a cotton w ool w ith  e ther w as placed. 
A fter anesthesia, an  incision w as m ade along the w hite line o f  the  abdom inal m uscles, then  the thoracic 
lym phatic duct w as d issected  at the  diaphragm , into w hich  a graduated  m icro-cannula  w as inserted  and 
th rough w hich  the lym ph nodes w ere determ ined and  co llected  fo r research. In the caudal part o f  the 
abdom inal cavity, a fter collecting lym ph, the abdom inal ao rta  w as d issected  and a te flon  ca theter w as 
inserted  into it to  co llec t blood.

In  b lood  sam ples o f  lym ph, the conten t o f  to ta l protein, cholesterol, trig lycerides, to tal lipids, urea, 
creatinine and b ilirub in  w as determ ined. The level o f  activ ity  o f  the fo llow ing enzym es w as studied: 
am inotransferase (A lat), aspartate am inotransferase (ASAT), and alkaline phosphatase am ylase in  the 
lym ph and b lood  plasm a, w hich  w ere determ ined by  a com m on accepted  m ethod  using an autom otic 
b iochem ical analyzer (C O B O S IN T E G R A  400). The cellu lar com position  o f  b lood, lym ph, and urine w as 
determ ined using  a  hem ato logical analyzer (SY SM E X  K X -219 9). E lectro ly tes in lym ph and  blood 
p lasm a w ere studied using the AVL 9190 analyzer (R O C H E  D IA G N O ST IC S, A U ST R IA  2012). 
D eterm ination  o f  b iochem ical param eters o f  urine w as perform ed using  an  analyzer (high technology  U SA  
2013). The num ber o f  w hite b lood  cells and the leukocyte form ula w ere determ ined in  dry  sm ears o f  b lood 
and lym ph, co lored  by  the m ethod  o f  S. P. Rom anovsky. A  ligh t m icroscope (L eica - D M -1000) w as used  
to  study lym ph and blood  sm ears. The volum e o f  b lood  p lasm a w as determ ined by hem atocrit. The 
volum e o f  ex tracellu lar flu id  w as determ ined by  passing  a low -and  h igh-purity  curren t w ith  subsequent 
im pedance m easurem ent [4], using a  rheograph (R E O -M IZA R ). The com position  o f  in terstitial flu id  w as 
studied after obtain ing it by  the w ick  m ethod  [5]. The im m unogram  in b lood  p lasm a and lym ph w as 
studied [6]. The subpopulation o f  lym phocyte com position  w as determ ined using flow  cytom etry  using 
m onoclonal antibodies SD-3, SD -4, S D -8, SD -16,and SD-19, w ith  the determ ination  o f  the 
im m unoregulatory  index  on a flow  cy tom eter (FAX C A LIB U S). Im m unoglobulins using an  enzym e 
im m unoassay  using  com m ercial T  system s (V ector B est). B lood pressure and heart rate in anim als w ere 
recorded th rough  a  surgical m onito r sensor (D R EG O R ).

The results o f  the  experim ents w ere processed  by  the m ethod  o f  varia tional statistics on a com puter 
using the S tudent's t-tes t criterion. The results w ere considered reliable at p<0.05.

R e se a rc h  re su lt. The lym phatic conten t in young rats w as 2.4±0.3 ^l/m in. a t a  w eigh t o f  44±5g. o r 
5.5±0.7 g p er 100g. ra t tissue, and in m ature rats w as 7.9±0.5 ^l/m in . w hen  the w eigh t o f  anim als is 
259±18g. o r 3.1±0.2 ^l/m in . p er 100g. tissue, in  o ld  anim als 6.1±0.6 ц1 /  m in  a t a  w eigh t o f  384.6±22 or 
1.6±0.16 g p er 100g. body  w eigh t (p<0.05). B lood clotting in  young rats is 3 .59±0.4 m in, and in  m ature 
rats 3 .48±0.4 m in, and in  o ld  rats 2.88±0.5 m in. In the lym ph o f  young anim als, the clotting rate is 
3.90±0.5 m in. in  m ature anim als 3 .68±0.4 m in, in o ld  2 .95±0.6  m in. The b lood  v iscosity  is 5.5±0.5 P in 
the young in  m ature 5.3±0.4 P in  o ld  anim als 4.5±0.5 P, in  the  lym ph in  young 4.4±0.5 P and m ature 
4.1±0.6 P, and old 3.6±0.5 P. W ith  increasing age, there  w as a  slight increase in  clotting and an increase in 
b lood  and lym ph viscosity. The p lasm a volum e o f  hem atocrit in  young rats is 48 .0±4.2 , in  m ature 
45.0±3.2% , and in  o ld  44.3±3.6% . H eart rate in  young anim als is 496±15, in  m ature 481±11, and in  old 
449±14 contractions p e r m inute. B lood pressure in o ld  anim als w as 108±6, 103±7, in  m ature anim als, and 
in  young an im al’s 94±11 m m H g. The D iuresis in  young anim als w as 0.0019±0.0001 m l/m in, and in 
m ature anim als 0.0015±0.0001 m l/m in, and in  o ld  anim als 0 .00099±0.00002 m l/m in  p er 100 g o f  body 
w eigh t (p<0.05). The decrease w as from  young to  m ature 26%  and  from  young to  old 39%  o f  rats.

W e also no ticed  an increase in  cholesterol and trig lycerides and to ta l lipids in  the b lood  and lym ph, 
especially  in old rats (cholesterol-15% ; 45% ; trig lycerides-41% ; 16%; to ta l lip ids-18% ; 33% , 
respectively). G lucose decreased slightly  in  m ature rats by  26%  in b lood  and 7%  in lym ph, and in o ld  rats 
by  40%  and  16%, respectively  (table 1). O ther studied b iochem ical param eters o f  b lood  and lym ph in 
young, m ature and old  anim als: urea, bilirubin , creatin ine, to ta l protein , a-am ylase, A lat,A SA Tand alkaline 
phosphatase fluctuated in  the sam e values.

23



News o f  the National Academy o f  Sciences o f  the Republic o f  Kazakhstan

Table 1 - Biochemical parameters of blood plasma and lymph in young, mature and old animals

Indicators
Blood Lymph

young
animals

mature
animals

old
animals

young
animals

mature
animals

old
animals

Urea, mmol/l 4,7 ±0,8 4,9± 0,7 5,33±0,7 6,2 ±2 3,9± 0,2 5,59±0,7
Bilirubin, mmol/l 3,32±0,94 3,47 ±0,91 1,72±0,75* 0,7 ±0,02 0,5±0,04 0,6±0,03
Creatinine, micromol/l 43,82±3,08 42,8 ±3,2 50,33±4,1 39,1±3,6 42,4±3,8 44,33±2,7
Glucose, mmol/l 4,6±0,15 3,65 ±0,18* 2,8±0,21* 4,62± 0,19 4,35 ±0,17* 3,9±0,19*
Totalprotein, g/l 68,2±0,43 69,5± 0,6 67,8±0,7 4,4± 2 39,3 ±0,4 39,6±0,5
a-amylase, unit / l 480±45 485 ±52 669,4±62 550 ±50 570±55 382,4±49
Alat, ^kat 0,13±0,03 0,14 ±0,04 250,95±22 140± 10,23 150 ±10,8 151,9±9,9
ASAT, ^kat 0,18±0,5 0,20± 0,2 167,6±11 140±9,0 160 ±11,5 204,2±13,5
Totalcholesterolmmol/l 1,65± 0,03 1,8± 0,04 1,9±0,03 1,24 ±0,05 1,3± 0,04 1,8±0,06*
Triglycerides, mmol/l 0,85± 0,04 0,95± 0,03 1,2±0,1 0,68± 0,03 0,7 ±0,05 0,79±0,07*
Totallipids, g/l 1,5± 0,04 1,65± 0,05 1,78±0,04 1,2 ±0,04 1,3 ±0,05 1,8±0,08*
Alkalinephosphatase, E/l 342 ±14 336 ±12 387±14 410 ±15 480 ±17* 496±18*

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

The analysis o f  the ob tained results the cellu lar com position  o f  lym ph and blood, w e found an 
increase in w hite b lood  cell count by  50%  and lym ph by  11% in m ature rats, and old  there  w as a  decrease 
in  w hite b lood  cell count by  35%  and lym ph by  16% com pared to  m ature anim als (table 2).

R ed blood  cells decreased  by  6 .8%  com pared  to  m ature anim als. There w as a  tendency  to  increase 
hem oglobin  w ith  age in adulthood, it increased by  7% , and by  old  age by  13.6 %. P latelets in the b lood 
increased w ith  age in the m ature by  5% , and in the  o ld  by  12%.

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

Indicators
Blood Lymph

young
animals

mature
animals

old
animals

Young
animals

mature
animals

old
animals

WBC -  leukocytes х103/^Ь 5,0 ±0,2 7,5± 0,1** 4,9±0,2* 13,7 ±0,4 15,2± 0,3* 12,8±0,5
RBC -  erythrocytes х 106/^L 7,3 ±0,2 7,4± 0,2 6,9±0,4 0,01±0,002 0,02±0,003 0,03±0,004
HGB -  hemoglobin g/dL 14,0± 0,3 15,0 ±0,3 15,6±0,5 - - -
Hct -  hematocrit % 48,0 ±4 45,0± 3,2 44,3±3,6 - - -
PLT -  platelets х 103/^L 405 ±14 425 ±14 477,5±18 - - -
LYM % 52,0 ±2 55,5 ±3,4 52,5±4 87,2± 0,8 85,0± 0,8 95±1,2
LYM х 103/^L 2,6± 0,2 2,7± 0,3 2,3±0,4 11,9 ±0,3 13,0 ±0,4 12,2±0,5

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

The study o f  ions in  b lood  plasm a, lym ph and urine d id  not reveal significant changes in  old, m ature 
and young anim als, only  in the  urine N a  ions decreased  by  11.3% in m ature anim als (table3) and 15%  in 
o lder anim als.

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

Indicators Young rats Mature rats Old rats
intheblood
Саin the blood (mmol/l) 0,62 ±0,05 0,58 ±0,03 0,52±0,06
Na+ in the blood (mmol/l) 142 ±6,0 140,5 ±5,4 139,5±7,5
К+ in the blood (mmol/l) 3,95± 0,4 3,86 ±0,3 3,75±0,5
in the lymph
Са in the lymph (mmol/l) 0,44± 0,04 0,4± 0,03 0,36±0,04
Na+ in the lymph (mmol/l) 137,5± 5,4 135,1± 4,5 134,0±6,2
К+ in the lymph (mmol/l) 3,48± 03 3,52± 0,2 3,40±0,4
in the urine
Са in the urine (mmol/l) - - +
Na+ in the urine (mmol/l) 18,5± 2,0 16,41± 1,02 15,7±1,01
К+ in the urine (mmol/l) 3,05 ±0,2 3,14± 0,1 3,09±0,1

Notes: reliable in comparison with the control, - p<0.5*, - p<0.01**
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W hen  analyzing the im m unological com position  o f  b lood  and  lym ph, pay  attention to  the increase in 
the num ber o f  w hite b lood  cells by 36%  in the b lood  and 12% in the lym ph in M ature anim als, bu t in  old 
rats there  w as a  decrease in  th e ir  num ber (table 4). There w as an  increase in  the  num ber o f  neutrophils in 
the b lood  and lym ph (rod and segm ented) and m onocytes, and lym phocytes decreased  in  the  b lood  and 
lym ph in  old rats. In old anim als, the b lood  level decreased  by  52% , and in  the  lym ph by 15%. The 
num ber o f  IgG  im m unoglobulins increased, bo th  in the  b lood  and in  the lym ph. The num ber o f  
subpopulations o f  lym phocytes in  the  b lood  o f  old anim als decreased (especially  SD -16 N K ; SD -20 
B -lym ph) and som e decrease w as detected  in  the lym ph (table 4).

Interstitial flu id  (IL) w as ob tained using  the w ick  m ethod. Its com position in  young anim als 
(in m m ol/l): N a-135±5; K -4±0.2; C a-1.1±0.1; M g-0.6±0.02; C reatine-0.1; G lucose-4 .9±0.2; 
U rea-4±0.1 m m ol/l; p ro tein  -0.9±0.1 g/l. In M ature anim als, N a-139; K -4.3±0.4; C a-0.9±0.07; 
M g-0.5±0.02; G lucose-4 .5±0.1; U rea-4.2±0.3 m m ol/l; p ro tein  -1.1±0.2 g/l. in  o ld  anim als, N a-130±4; 
K -4.1±0.5; C a-0.7±0.08; M g-0.4±0.02; G lucose-4 .1±0.2; U rea-4 .4±0.4  m m ol/l; p ro tein  -1.1±0.2 g/l. A s 
w e can see, the fluctuations w ere w ith in  physio logical lim its.

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

Indicators
Blood Lymph

young
animals

mature
animals

old
animals

young
animals

mature
animals

old
animals

Leukocytes:1х109 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±1,1 39±1,4** 58,3±2,8* 2±0,3 12±1,2* 9±0,9*
Monocytes 5,5±0,5 4,3±0,4 11,3±0,5* 1±0,07 2±0,05 4±0,09*
Eosonophils - 1±0,02 1,3±0,03*
Lymphocytes % 82±4 54±3** 42,75±5** 84,2±2,2 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
IgG 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 0,29±0,03 0,29±0,02 0,275±0,02 0,31±0,02 0,35±0,04 0,35±0,06
IgE 21,9±0,04 18,7±0,04 20,95±0,1 19,5±1,1 22±0,9 21±0,8
Lymphocyte subpopulations
SD-3
T-lymph-s

49±2 35±3* 58± 4 47± 5 49 ±4 43±4

SD-4
T-helpers

27±3 32 ±2 21,7±3 28 ±2,2 29± 2 26±3

SD-8
T-suppres-s

24±1 9±0,7* 24 ±1,5 21 ±1,7 23± 5 19±4

SD -  16NK 12±0,5 18± 0,8* 7± 0,9* 14 ±0,9 12± 1,1 11±1,2
SD-20 
В- lymph-s

10±0,6 4,25± 0,8* 14,5± 0,6* 12± 1,1 15± 1,2* 12±1,4

SD-4/SD-8 (index) 1,1 1,3 2,41* 1,34 1,26 1,37
Notes: reliable in comparison with the control, - p<0.5*,- p<0.01**

H igh ly  hydrated  and fat-free tissue has less e lectrical resistance than  fat, bone, and  epithelial tissue. 
H igh-frequency  currents pass th rough the ex tracellu lar and  in tracellu lar environm ent, m aking  it possible 
to  estim ate the fat-free m ass,and  low er-frequency currents propagate in  the  ex tracellu lar space. A lternating 
curren t w ith  a  frequency below  40 kH z propagates m ain ly  th rough  vessels and in terstitial slits, w hile 
encircling cells w hose resistiv ity  (due to  the h igh  ohm ic resistance o f  the m em branes) is m uch h igher than  
the resistiv ity  o f  the liquid m ed ia  th a t m ake up the in tracellu lar flu id  [6]. To determ ine the volum e o f  IL, 
w e used  a  rheography «R EO -M izar" w ith  its electrical characteristics. The frequency o f  the  probing 
curren t o f  its electrodes is from  30-200 kH z, w hich  allow ed us to  use its low -frequency currents
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(30-40 kH z) fo r research  purposes. G roups o f  young and  groups o f  m ature and old  anim als determ ined  the 
num ber o f  IL  in  these groups using  the lines o f  the ohm ic resistance curves (the group o f  young rats is 
33±3% ; the group o f  m ature rats is 29 .5±3.3%  o f  body  w eight, the  group o f  old rats is 26 .4±3.4%  o f  body 
w eight). There w as a decrease in IL  to  m ature by  11% and to  o ld  by 20% .

D iscussion . In ou r study, w e obtained a decrease in  the  volum e o f  IL  from  a young body to  m ature 
age by  11% and to  o ld  age by  20% , p lasm a by  6 .25%  and  8.4% , respectively. The lym ph flow  decreased 
by  40%  to  adulthood and  64%  to  o ld  age, diuresis by  21.1%  and  47.9% , respectively. D ifferen t values o f  
the optim al w ater conten t in  the body 's tissues are called, depending on age. B ut m ost scientists agree tha t 
w ith  age, hydration  in the body 's tissues decreases, especially  w hen  com pared w ith  childhood [7]. 
Lym phatic vessels and nodes in  m am m als in  the first w eeks o f  life are no t able to  transpo rt lym ph to  the 
venous channel w ith  sufficient speed. E xogenous and endogenous effects only  cause relaxation o f  the 
lym phatic vessels and nodes them selves [8]. The m orphofunctional picture o f  lym phatic vessels and nodes 
at each stage o f  postnatal developm ent o f  anim als is reflected  in  the shifts o f  the scrotum  in response to  
neurogenic effects [8]. The gradual fo rm ation  o f  the m ovem ent o f  lym ph from  the tissue to  the venous bed 
w as detected  [9]. In the  first w eeks after the birth  o f  anim als, the  fo llow ing extravasal forces (oncotic, 
osm otic, hydrostatic  p ressure) and extralim phatic factors (respiration, vascu lar pu lsation , in testinal 
contraction , m uscle contraction) ac t m ain ly  on the processes o f  lym ph form ation. The results o f  our 
previous studies show ed the form ation  o f  innervation and structural elem ents in  the w all o f  lym phatic 
vessels and nodes [10]. The form ation  o f  th e ir  ow n m echanism s o f  lym ph m ovem ent begins in rats a t the 
age o f  one or tw o m onths, w hen  the leading role in  the transport o f  lym ph becom es its ow n contractile 
activ ity  o f  sm ooth m uscle cells in  the lym phatic vessels and nodes [11]. The volum e o f  ex tracellu lar w ater 
in  new borns and young m am m als gradually  decreases as the m o to r activ ity  o f  sm ooth m uscle cells in  the 
lym ph nodes and vessels increases and the excretory  function o f  the k idneys increases. A ll th is  does no t 
contrad ict the dynam ics o f  the  body 's w ater sectors, b iochem ical and  rheological indicators o f  blood  and 
lym ph. The im m une system  o f  the b lood  undergoes synchronous changes w ith  the lym phatic system  [12]. 
These changes occurred  both  in  the b lood  and  lym ph, and in  the structure o f  the  lym ph nodes.

In  o ld  anim als, there are involute changes in  the lym phatic system  and  ex tracellu lar m atrix . These 
structural changes are associated  w ith  tissue hypoxia, a sh ift in  the  pro  - and an tiox idant balance to  the 
acidic side, the appearance o f  free radicals, and changes in lipid peroxidation . There is fibrosis, atrophy, 
w hich  lead to  deform ation o f  the lym phatic capillaries [13]. Sclerosis develops in  the w alls o f  b lood 
vessels and lym ph nodes, w hich  changes th e ir  sm ooth m uscles [14]. The change also occurs in the 
sym pathetic  innervation  nodes [10]. A ging p rocesses are observed  in  the in ternal structure o f  lym ph nodes
-  re ticu lar tissue tu rns into collagen fibers, the cellu lar com position  o f  lym phoid  tissue changes -  
lym phoid  cells and lym phoid  nodules decrease [15]. Thus, a  com plex  o f  changes in the body 's bio logical 
fluids and prim arily  in  the ex tracellu lar m atrix  o f  the  lym phatic system  reduces the body 's hom eostatic  
capabilities and opens the w ay  to  the developm ent o f  diseases o f  old age.

C o n c lu s io n . We received a  decrease in lym ph flow, diuresis, and in terstitial flu id  volum e in  m ature 
anim als and a  fu rther decrease in  o ld  anim als in  com parison  w ith  young ones. In  the  b lood  lym ph o f  old 
anim als, an  increase in  cholesterol, trig lycerides and to ta l lipids w as observed. H em oglobin  and platelets 
increased in  the b lood  and in the b lood  and lym ph decreased  - g lucose. W hite  b lood  cells in  adulthood 
increased, and  in o ld  age decreased  bo th  in  the b lood  and in the lym ph, bu t the percentage o f  neutrophils 
and m onocytes increased. The num ber o f  neutrophils and m onocytes increased in old age. The num ber o f  
L gG  I im m unoglobulins increased, the  num ber o f  lym phocyte subpopulations decreased, and especially  
SD -16N K , SD -20B in old anim als in  the b lood  and in  the lym ph. D ata  on b iochem ical, cellular, ionic, 
im m une param eters o f  b lood  and lym ph, lym ph flow, d iuresis, com position  and volum e o f  in terstitial 
fluid, w hich  corresponded  to  physiological changes from  a young body  to  a m ature one and la ter to  an old 
one. B ut these changes in  the  ex tracellu lar m atrix  and the lym phatic system  reduce the body 's hom eostatic  
capabilities and open the w ay to  the developm ent o f  d iseases o f  o ld  age.
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ЖАС, ЕРЕСЕК ЖЭНЕ КЭР1 ЖАНУАРЛАРДЫН ЛИМФА МЕН КАНЫНЫН ЖАСУШАЛЫК, 
БИОХИМИЯЛЫК, ИММУНОЛОГИЯЛЫК К¥РАМЫ, ФИЗИКА-ХИМИЯЛЫК, 

РЕОЛОГИЯЛЫК К0РСЕТК1ШТЕР1 ЖЭНЕ АРАЛЫК С¥ЙЫКТЫК К0ЛЕМ1 МЕН ДИУРЕЗ

Аннотация. Тэжiрибе институттын вивариында стандартты тамак жэне су режимшде болган эртYрлi жастагы, 85 ак 
лабораториялык Vistor желiсiндегi егеук¥йрыктарга журпзшдг Жастан кэрi организмге дейн судыц гомеостазын жэне 
биологиялык C¥Йыктыктардын к^рамы зерттелiндi. Жас жануарларга караганда ересектен одан эрi кэршжке дейiн лимфа 
агысыныц, диурездщ, интерстициалды C¥Йыктьж;тын келемшщ темендеуi пайда болды. Жас ^лгаюымен кан мен лимфа 
кейбiр туткырлыгы артуы мен ¥ЙыFыштыктын KYшеюi байкалды. Гематокрит бойынша плазма келемi темендеда. 
Етеук^рыктардыщ карттык кезецшде аздаган журек жиырылуы жишгшщ темендеуi жэне артериялык кысымыныц 
жогарылауы аныкталды. Кэрi жануарлардыц лимфасы мен канында холестерин, триглицеридтер мен жалпы липидтердiн 
^лгаюы бащалды. Канда гемоглобин жэне тромбоциттер еста, ал кан мен лимфада глюкоза темендеда. Ересек 
жастагыларда лейкоциттер улгайды, ал кэршжте канда да, лимфада да темендеда, бiрак пайыздык катынаста 
нейтрофилдер, моноциттердщ саны артты. Карттыкка нейтрофилдер мен моноциттердщ саны артты. Кэрi жануарлардыц 
LgGI иммуноглобулиндерiнiн саны артты, кандагы жэне лимфадагы лимфоциттердщ субпопуляция саны эсiресе 
С -  16 NK, С -  20В темендеда. Кэрi жануарларда лимфа ж^йеи мен жасушадан тыс матрексте инволютивтж езгерiстер 
байкалады. Б^л к¥рылымдык езгерютер тшдж гипоксиямен, про-жэне антиоксиданттык тепе-тевджтщ кышкыл жакка 
жылжыуымен, бос радикалдардыц пайда болуымен байланысты, липидтердiн тотыгуы езгередi. Фиброз, атрофия пайда 
болады, ол кан жэне лимфа капиллярларыныц деформациясына экеледi. Канныц биохимиялык, жасушалык, иондык, 
имундык керсеткiштерi, лимфа агысы, диурез, интерстициальды C¥Йыктыктын к¥рамы мен келемi бойынша деректер 
жас агзадан жетiлген жэне одан эрi кэршж агзага сай физиологиялык езгерiстерге сэйкес келедi. Бiрак жасушадан тыс 
матрикс пен лимфа ЖYЙесiндегi осы езгерютер агзаныц гомеостатикалык MYMкiндiктерiн темендетедi жэне карттык 
ауруларыныц дамуына жол ашады.

Тушн сездер: лимфа, кан, диурез, интерстициальды с^йыктык, лимфа ЖYЙесi, кэршж.
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КЛЕТОЧНЫЙ, БИОХИМИЧЕСКИЙ, ИММУНОЛОГИЧЕСКИЙ СОСТАВ, 
ФИЗИКО-ХИМИЧЕСКИЕ, РЕОЛОГИЧЕСКИЕ ПОКАЗАТЕЛИ ЛИМФЫ И КРОВИ,

ОБЪЕМ ИНТЕРСТИЦИАЛЬНОЙ ЖИДКОСТИ, ДИУРЕЗ У МОЛОДЫХ,
ЗРЕЛЫХ И СТАРЫХ ЖИВОТНЫХ

Аннотация. Эксперименты выполнены на 85 белых лабораторных крысах линии Vistor, разного возраста, которые 
находились в виварии института на стандартном пищевом и водном режиме. Изучили водный гомеостаз и состав 
биологических жидкостей от молодого организму к старому. Получили снижение лимфотока, диуреза, объема 
интерстициальной жидкости у зрелых и дальнейшее снижение к старым животным в сравнении с молодыми. С 
увеличением возраста наблюдалось некоторое усиление свертываемости и повышение вязкости крови и лимфы. Объем 
плазмы по гематокриту снижался. Обнаружилось некоторое урежение ЧСС и повышение артериального давления у крыс 
к старости. В лимфе и крови у старых животных наблюдалось увеличение холестерина, триглицеридов и общих липидов. 
В крови увеличился гемоглобин и тромбоциты, а в крови и лимфе снизилась глюкоза. Лейкоциты в зрелом возрасте 
увеличились, а к старости снизились как в крови, так и в лимфе, но в процентном отношении увеличилось количество 
нейтрофилов, моноцитов. Увеличилось количество нейтрофилов и моноцитов к старости. Увеличилось количество 
иммуноглобулинов LgG I, снизилось количество субпопуляции лимфоцитов и особенно СД -  16NK, СД -  20 В у старых 
животных в крови и в лимфе. У старых животных наблюдается инволютивные изменения в лимфатической системе и 
внеклеточном матрексе. Эти структурные изменения связаны с тканевой гипоксией, сдвигом про-и антиоксидантного 
равновесия в кислую сторону, появлению свободных радикалов, меняется перекисное окисление липидов. Возникает 
фиброз, атрофия, которые приводят к деформации кровеносных и лимфатических капилляров. Данные по 
биохимическим, клеточным, ионным, иммунным показателям крови и лимфы, лимфотоку, диурезу, составу и объему 
интерстициальной жидкости, которые соответствовали физиологическим изменениям от молодого организма к зрелому и 
в дальнейшем к старому. Но уже эти изменения во внеклеточном матриксе и лимфатической системе снижают 
гомеостатические возможности организма и открывают путь к развитию болезней старости.

Ключевые слова: лимфа, кровь, диурез, интерстициальная жидкость, лимфатическая система, старость.
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