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Comparison of the rate of hydrogen release from the brain tissue with the parameters of
external respiration is performed in rats with free behavior. Regression of the hydrogen
release rate is found at the parameter of external respiration. The scatter of results on the
recorded hydrogen release rate obtained by measuring the local brain blood flow may be
cut in half by monitoring the external respiration characteristics.
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For many years the local blood flow has been moni-
tored from the hydrogen clearance in studies of the
blood supply of different tissues in laboratory animals
[8]. It has been repeatedly noted that the time of
hydrogen release varies markedly in the same brain
structures in different rats and in various functional
states, especially in narcotic and natural sleep. The
background rate of the local brain blood flow (rLBF)
determined by hydrogen clearance may differ in three
or more times during wakefuiness [3,4,6]. As a rule,
such a variability of the background values of rLBF
is not discussed. However, according to the same
scientists, the variation of rLBF in the case of sen-
sory stimulations or electrostimuiation of brain struc-
tures is markedly lesser, constituting tens of percent-
age points of the background values [4,7].

Since the method of hydrogen clearance is wide-
ly used to measure the volume rate of LBF, it is
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necessary to know how heavily this method depends
on the changes of other physiological factors, which
may account for such large fluctuations of the rLBF
background values.

External respiration is a physiological process
which reflects the functional state of the nervous sys-
tem and is important in gas exchange. Some authori-
ties note that the brain biood flow may be increased
both in hypoventilation, which results in carbon diox-
ide accretion in the blood, and in hyperventilation in-
duced by hypoxic hypoxia [1,9]. The present investi-
gation demonstrates the expediency of monitoring
external respiration when measuring brain circulation
using the method of hydrogen clearance.

MATERIALS AND METHODS

The experiment was carried out on 12 rats with elec-
trodes chronically implanted into the hippocampus
and motor cortex. The active electrode was made of
platinum wire 0.3 mm in diameter insulated with Vinif-
lex lacquer along its entire length except for the tip.
The indifferent electrode was a plate of chlorinated
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silver with an interlayer containing NaCl isotonic so-
lution mounted on the animal’s hind paw.

The time T during which the gas concentration
was lowered by 50% was determined according to the
dynamics of hydrogen release recorded polarographi-
cally. Hydrogen inhalation was performed in a small
closed chamber with a ventilation installation which quickly
removed the hydrogen-air mixture from the chamber.

Respiratory movements of the rat were recorded
with an H-337 automatic recorder using a carbon sen-
sor for 6 min. Periods of total rest of the animal were
analyzed. The minimal and maximal levels of the sen-
sor's tension were noted and the midline was drawn
between these points (Fig. 1). The portion of time
(Zt/t) during which the expansion of the thorax ex-
ceeded the noted mean level was calculated accord-
ing to the midline. The mean (Zat/f) and maximal (A)
signal amplitude was determined according to the sa-
me record. The external respiration was characterized
by the value K=(Zt/t)x(Zat/Al).

RESULTS

Records of respiratory movements of rats in different
functional states are shown in Fig. 2, a downward line
corresponding to an inspiration. The tracing on Fig. 2,
a, shows a deep, uniform respiration with an equal
duration of inspiration and expiration and, accordingly,
with K=0.5. Figure 2, b gives an example of superfi-
cial respiration with the thorax collapsed with the oc-
casional inspiration. The calculated K value in this
case approximates zero. Active wakefulness (Fig. 2, ¢)
is accompanied by deep respiration with a short phase
of expanded thorax (K=0.27). And, finally, shallow res-
piration against the background of an expanded tho-
rax is noted at rest (K=0.39) (Fig. 2, d). Expansion of
the thorax signifies an intensified pulmonary blood flow
and increased diffusion capacity of the lungs [2,5].
Therefore, an acceleration of the gas release rate may
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Fig. 1. Analysis of a respiration record. Downward lines cor-

respond to inhalations. 7(i=1,2,3, ...) shows the regions where the
expansion of the thorax exceeds the mean level; {, indicates the
regions with amplitude 3 (=1,2,3, ...). A is the maximum amplitude
of the respiratory movement; ¢ is the duration of the record.

be expected in the phase of expanded thorax. The first
cofactor in the formula for K assesses the total dura-
tion of respiration with expanded thorax. The second
cofactor corrects for the mean depth of respiration.
A reliable regression for the motor cortex (p<0.001)
and for the hippopocampus (0<0.01) (Fig. 3, a, b) was
detected by comparing the calculated K values with the
corresponding measured rates of hydrogen release
from the brain tissue (1/T). Depending on the respiratory
pattern of a rat, the points are situated nearer to or far-
ther from the origin of the coordinates, i.e., the regression
is noted both for the individual animal and for the whole
sampling. No reliable regression relatioship was found
between the hydrogen release rate and either of the
most frequently measured parameters (frequency and
amplitude) of external respiration or for the combina-
tion of them. A tendency toward a stronger regression
of the selected indexes is found for the motor cortex as
compared to the hippocampus (Fig. 3), but the difference
between the regression coefficients is insignificant. The
scatter of the values of the hydrogen release rate clearly
diminishes when the regression is taken into account.
Calculation shows a 2-fold decrease of the variance.
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Fig. 2. Tracings of respiratory movements of rats in
different functional states, namely, deep narcosis (a),
awakening (b), active alertness (¢), and alertness (d).
Time mark 1 sec.
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Fig. 3. Comparison of the rate of hydrogen release (1/7) from the motor cortex (a) and from the hippocampus (b) of the rat brain with
the external respiration coefficient (K). Examples of these correlations for an individual rat during wakefulness and in narcotic sleep are

indicated by asterisks.

The findings suggest that the scatter of the back-
ground values of the rate of hydrogen release from the
brain tissue may be due to the specific pattern of res-
piration. Combined recordings of the brain blood flow
by the hydrogen clearance method and of respiration
by the carbon sensor permit the investigation of alert,
free animals. Assessment of external respiration using
the method described aliows for a more comprehen-
sive analysis of the results obtained in studies of the
local brain circulation.
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