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Introduction. Interest in the study of 
hemodynamics in animal experiments 
involves extrapolating the results to 
humans. The experimenter has an ex-
tensive arsenal of devices that record 
various parameters of tissue and organ 
hemodynamics. A particular interest are 
the devices that make it possible to per-
form noninvasive methods of hemody-
namic studies in organs and systems of 
laboratory animals in the process of ex-
perimental exposure [1, 3, 4, 7, 8]. The 
simplest, most accessible, and nonin-
vasive hemodynamic studies in animals 
are performed using Doppler ultrasound 
scanning [2, 5, 6, 9-11]. In addition, vari-
ous analyzing systems based on laser 
Doppler flowmetry are used to study 
blood microcirculation in laboratory ani-
mals, and transcutaneous oxygemom-
eters and polygraphs are used to deter-
mine intracutaneous oxygen tension [7, 
8]. The choice of a device for the study 
of hemodynamics in a particular vascu-
lar pool depends on the goal of the study 
and the devices available to the experi-
mentalist recording hemodynamics [5]. 
This raises the question of the aim of a 
particular device’s use in a particular ex-
perimental study. In the literature, these 
issues are presented insufficiently, so it 

involves special studies aimed at con-
ducting a comparative analysis of the 
results obtained with the use of different 
recording systems.  

The aim of the study was to carry out 
a comparative analysis of intracutaneous 
oxygen tension indicators with param-
eters of microcirculation in the skin of the 
abdomen of the experimental animals.

Materials and methods of research.
The study was performed in 20 mature 
male Wistar rats weighing 280-300 g or 
more. The control group consisted of 10 
rats. Animals of the experimental group 
were tired daily for 30 days by forced run-
ning from 0.5 to 1.0 hour at a speed of 
10-15 km/h. A time of the rats’ running on 
the treadmill depended on the intensity 
and productivity of their run. On the first 
day and in 5, 10, 20 and 30 days from the 
beginning of the experiment oxygen ten-
sion (PO2) was measured in the animals’ 
skin of the abdomen in the control and 
experimental groups under general an-
aesthesia (1% solution of thiopental sodi-
um at the rate of 15 mg/kg of body weight 
intraperitoneal) in the supine position by 
means of transcutaneous oxygemometer 
Radiometer TCM-2 (Denmark) [7], and 
using «Transonic Systems Inc.»(model 
BLF21) lazer Doppler flowmeter (LDF) 

device. Parameters of intracutaneous mi-
crocirculation were determined [8].

To determine the PO2 wool in the rat’s 
abdomen was shaved, the skin was treat-
ed with soap and water, dried with ether 
and degreased. The sensor retainer was 
glued to the skin the cavity of which was 
filled with a contact gel and sealed with a 
membrane. Calibration of the device sen-
sor was performed, which was stopped 
after the appearance of a stable indicator 
on the display of the device. After the de-
vice calibration finishing, the sensor was 
fixed in the lock and a series of measure-
ments were performed (Fig. 1).

When determining the parameters of 
intracutaneous microcirculation with the 
help of LDF, recording of indicators be-
gan after a 10-minute adaptation of the 
animal to an ambient temperature of 
20°C. Indications of intracutaneous mi-
crocirculation were measured for 5 min-
utes in the area of the shaved part of the 
anterior abdominal wall (the site of deter-
mining the skin PO2) until a stable value 
was achieved. 

Care of animals was carried out ac-
cording to the orders regulating the or-
ganization of work with use of experimen-
tal animals.

Digital data were processed by meth-
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ods of variation statistics using Microsoft 
Excel licensed computer program.

Results and discussion. The ini-
tial level of PO2 in the abdominal skin 
of the control animals ranged from 27-
39 mm Hg (34.2±4.76 mm Hg). On the 
5th day from the beginning of the ex-
periment, PO2 level was 28-42 mm Hg 
(35.6±5.08 mm Hg), in 10 days - 29-44 
mm Hg (36.9±6.02), in 20 days - 27-40 
(35.2±4.95) in 30 days - 28-41 mm Hg 
(35.1±5.66 mm Hg). The average value 
of PO2 in the abdominal skin of the con-
trol animals was 35.66±1.00 mm Hg (Fig. 
2).

In animals of the control group, the rate 
of microcirculation in the skin of the abdo-
men on the 1st day of the study ranged 
from 13 to 18 ml/100 g/min (15.4±2.07 
ml/100 g/min), on the 5th day of the study, 
the index ranged from 13 to 21 ml/100 g/
min (16.3±3.13 ml/100 g/min), on the 
10th day – from 13 to 22 (16.8±3.42), on 
the 20th day - from 13 to 19 (15.8±2.39), 
on the 30th day - from 14 to 20 ml/100 
g/min (16.2±2.28 ml/100 g/min). The av-
erage rate of microcirculation in the skin 
of the abdomen was 16.02±0.58 mm Hg 
(Fig. 3).

A comparative analysis of the results 
obtained in the animals of the control 
group revealed a direct correlation be-
tween the parameters of PO2 and the 
parameters of intradermal microcircula-
tion. The correlation coefficient and its 
error (R±r) indicated a direct strong and 
reliable relationship between the change 
in PO2 and the change in intradermal 
microcirculation (R±r=0.926±0.071 at 
p<0.001).

In animals of the experimental group 
prior to the experiment, PO2 level in the 
skin of the abdomen ranged from 27-41 
mm Hg (34.2±4.76 mm Hg at p<0.01). 
After running load PO2 was in the range 
of 26-38 mm Hg (33.4±5.18 mm Hg at 
p<0.05), which was 1.026±0.028 times 
lower than the baseline (R±r=0.989±0.011 
at p<0.001).

After a 5-day experiment, PO2 lev-
el decreased by 1.072±0.126 times 
(R±r=0.859±0.131 at p<0.001) and 
was 26-39 mm Hg (33.6±5.18 mm 
Hg at p<0.05). After 10 days from the 
beginning of the experiment, PO2 
sharply decreased to 22-34 mm Hg 
(27.6±4.93 mm Hg at p<0.05), that is 
1.300±0.129 times lower than the ini-
tial level (R±r=0.821±0.163 at p<0.05). 
On the 20th day of PO2 rose sharply to 
24 to 37 mm Hg (31.2±5.63 mm Hg at 
p<0.05), that is 1.149±0.096 times lower 
than the initial level (R±r=0.895±0.099 at 
p<0.01). In 30 days from the start of the 
experiment, the PO2 was in the range of 
26 to 37 mm Hg (33.2±4.71 mm Hg at 
p<0.01), that is 1.072±0.036 times lower 

than the initial level (R±r=0.976±0.024 at 
p<0.001).

The level of PO2 in the abdomen’s 
skin of animals of the experimental group 
varied during the experiment from 22 to 
39 mm Hg (31.8±5.40 mm Hg at p<0.05).  
On the 10th day it reduced to 27.6±4.93 
mm Hg, and by the 30th day it increased 
up to 33.2±4.71 mm Hg, but in all cases it 
was below the initial level (Fig. 3).

In animals of the experimental group 
on the first day of the experiment after 
a running load, the microcirculation in-
dex in the skin of the abdomen ranged 
from 11 to 23 ml / 100 g/min (18.8±4.76 
ml/100 g / min at p<0.05), which was 
1.207±0.203 times higher than the con-
trol value (R±r=0.896±0.099 at p<0.01). 
On the 5th day of the experiment, the rate 
of microcirculation in the skin of the ab-
domen ranged from 14 to 23 ml / 100 g/
min (18.2±4.55 ml/100 g / min at p<0.05), 
that was 1.103±0,123 times higher than 
the control value (R±r=0.906±0.091 at 
p<0.01). On the 10th day of the experi-
ment, the rate of microcirculation in the 
skin of the abdomen ranged from 14 to 22 
ml / 100 g/min (19.2±3.35 ml/100 g / min 
at p<0.01), which was 1.151±0.130 times 
more than the control (R±r=0.812±0.170 
at p<0.01). On the 20th day of the experi-
ment, the rate of microcirculation in the 
skin of the abdomen ranged from 13 to 
21 ml/100 g/min (18.2±3.35 ml/100 g/
min at p<0.05), which was 1.148±0.097 
times higher than the control value 
(R±r=0.914±0.083 at p<0.001). On the 
30th day of the experiment, the rate of 
microcirculation in the skin of the abdo-
men ranged from 12 to 21 ml / 100 g/
min (17.2±3.42 ml/100 g / min at p<0.05), 
that was 1.057±0.124 times higher than 
the control value (R±r=0.859±0.131 at 
p<0.05).

Microcirculation in the skin of the abdo-
men of animals of the experimental group 
changed during the experiment from 11 
to 23 ml / 100 g / min (18.3±3.89 ml / 100 
g/min) on the 10th day it increased to 
19.2±3.35 ml/100 g/min, and by 30 days 
it decreased to 17.2±3.42 ml/100 g / min, 
but in all cases it was faster than the ini-
tial level (Fig. 3).

The comparative analysis of the results 
obtained in animals of the experimental 
group revealed the inverse correlation of 
PO2 parameters with the parameters of 
intradermal microcirculation. The correla-
tion coefficient and its error indicated at 
the inverse strong and reliable relation-
ship between the change in PO2 and the 
change in intradermal microcirculation 
(R±r=-0.904±0.177 at p<0.05).

Conclusion. The study showed that 
the microcirculation and oxygen tension 
(PO2) study in the skin of experimental 
animals presupposes widespread use of 

LDF («Transonic Systems Inc.»device, 
model BLF21) and TCM-2 Radiometer 
transcutaneous oxygemometer (Den-
mark). The analysis of the dynamics of 
microcirculation parameters in the skin of 
the abdomen of the control animals re-
vealed a direct dependence of the level 
of PO2 on the parameters of microcircu-
lation (with an increase in microcircula-

Fig. 1. Measurement of PO2 by transcutaneous 
method: a – preparation of animals for the 
measurement of PO2, sensor lock is shown by 
arrow; b – measurement of PO2 (the sensor is 
fastened in the locking mechanism).

Fig. 2. Dynamics of oxygen tension (PO2) and 
microcirculation in the skin of the abdomen of 
the animals of the control group

Fig. 3. Dynamics of oxygen tension (PO2) and 
microcirculation in the skin of the abdomen of 
the animals of the experimental group.
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tion – intradermal PO2 increased, too). In 
the systematic running load the indicator 
of the microcirculation in the skin of the 
abdomen of the animal increased up to 
10 days. Then, by the 30th day there was 
a decrease in the index of microcircula-
tion. But in all cases it was higher than in 
animals of the control group. The level of 
intradermal PO2 was inversely related to 
the parameters of microcirculation deter-
mined with LDF. In animals of the experi-
mental group there was a decrease in the 
level of PO2 in all cases compared to the 
control group.

It should be noted that the study of 
hemodynamic parameters of experimen-
tal animals by the methods described 
above is a promising area of modern 
physiology. The main advantages of us-
ing these non-invasive methods of re-
search are: the possibility of repeated 
use in the experiment; the implementa-
tion of dynamic control over changes in 
the studied parameters.
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