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The correlation between the pattern of a neuron’s reaction to acute hypoxia and indi-
vidual resistance to oxygen deficit is studied on rats in vivo as well as on surviving slices
of their cerebellum irn virro. According to the survival time in a pressure chamber simu-
lating an altitude of 11 ki all the rats were divided into groups of high resistance,
medium resistance, and low resistance to hypoxia. Survival time was 4.2 times longer in
the high resistance group than in the low resistance group. In the cerebellar slices of
high resistance animals 61.5% high-resistance neurons and 38.5% low-resistance neurons
were recorded. On the other hand, in the high resistance animals the percentage of high-
resistance neurons and low-resistance neurons was 31.2 and 68.8, respectively. The pe-
riod of hypoxia development was 4.32 times longer in the high-resistance neurons as
compared to low-resistance neurons. It is speculated that individual differences in the
resistance to O, deficit are of a hereditary nature and manifest themselves not only on
the level of the whole organism, but also in the individual nerve cell.
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It is known that during acute oxygen defi-
ciency the first to be affected is the central ner-
vous system, and hypoxia resistance, according to
Palladini [10], is defined not by the vulnerability
of liver cells but rather by the sensitivity of neu-
rons. The selectivity of nerve cell damage in hy-
poxia was first described by C. and O. Vogt [13],
who introduced the term “pathoclisis”, attributing
the individual susceptibility of neurons mostly to
specific features of vascularization and possibly also
of nervous tissue metabolism. Later the same con-
clusions were reached by other investigators
[9,11,12,14]. A nonuniform pattern of response of
neurons from different regions of the hippocampus
to increasing hypoxia has been detected [8]. The
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existence of a correlation between the resistance of
an individual organism as a whole and of an in-
dividual nerve cell to hypoxia remains an open
question.

The goal of this work was to study the rela-
tionship between the response of individual neu-
rons in surviving brain slices and of the organism
as a whole to increasing hypoxia.

MATERIALS AND METHODS

The experiments were carried out on alert male
white rats and their surviving cerebellar slices of
300-400 p thickness. In order to determine the in-
dividual resistance to hypoxia the animals were
“raised” in a pressure chamber to an altitude of
11 km at a rate of 150-200 m/sec. The resistance
was estitnated by the survival time (ST) at a given
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Fig. 1. Quantative distribution of HRN and LRN in cerebellar

slices of HR and LR rats. Ordinate: percentage of HR and LR
rats and of HRN and LRN.

altitude expressed as the appearance of the second
agony inhalation. The rats with an ST equal to 1-
3 min were allocated to the low resistance (LR)
group, those with an ST of at least 9 min to the
high resistance (HR) group, and those with an ST
of 4-8 min to the medium resistance (MR) group.
As had been shown earlier by other authors, the
groups differed not only in ST, but also in the
pattern of metabolism and behavior [2-5,7]. Two
weeks following the altitude treatment, the rats
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Fig. 2. Latent periods of phase transitions in IA of neurons
in rat cerebellar slices under the influence of increased
hypoxia. I) first inhibitory phase; 2) activation phase; 3} second
inhibitory phase.
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were sacrificed; from each rat 3 sagittal sections
including the cerebellar cortex and nuclei were
obtained and exposed to a 60-min adaptation in
oxygenated (95% O, and 5% CO,) and thermo-
stable (32-33°C) perfusate (Earle solution, pH 7.4),
after which the extracellular impulse activity (IA)
of cerebellar neurons (Purkinje cells) was studied

_under conditions of normoXxia and increasing hy-

poxia. Hypoxia was simulated by reducing pO,
from 100% to 0% (substitution of nitrogen for
carbogen). The content of oxygen during its in-
creasing deficiency and reoxygenation was recorded
by a polarograph and on a Corning type micro-
analyzer. In parallel with the change of oxygen
regime, the following parameters were recorded: [A
of Purkinje cells; time from the beginning of hy-
poxia to the total inhibition of IA; rate of recov-
ery of the initial values during reoxygenation. The
reliability of the results was evaluated using Stu-
dent’s 7 test.

RESULTS

HR and LR rats were used in the experiments
with surviving cerebellar slices. The ST of HR
animals exceeded that of LR rats by a factor of
4.2 (Table 1).

Earlier in models of neuron culture in vitro
and surviving slices we showed a phase type of
response of neurons from different parts of the
central nervous system to the decrease of pO,, i.e.,
primary 1A inhibition followed by hyperactivity and
final total inhibition. In the course of reoxyge-
nation the return of IA to the initial level is as a
rule preceded by a phase of hyperactivity (activa-
tion overshoot) [6].

In the present experiments the period neces-
sary for the development of the hypoxic state (i.e.,
from the initial level taken as 100% to total IA
inhibition) proved to be different for the slices
taken from HR and LR rats (Table 1). Neurons
developing hypoxia more quickly were classified as
low-resistance neurons (LRN), and those with pro-
longed hypoxia development as high-resistance
neurons (HRN). A correlation is noted between the
period of hypoxia development in HRN and LRN
on the one hand and ST of HR and LR rats. In
the case of HRN the development of the hypoxic
state took 4.32 times longer than in LRN.

Both types of neurons were present in LR and
in HR rats; however, in the LR animals the percen-
tage of LRN exceeded that in the HR rats ( 68.8%
and 31.2%, respectively), while in the cerebellar
slices of HR rats the level of LRN was estimated
as 38.5% and the level of HRN as 61.5% (Fig. 1).



I. G. Viasova and N. A. Agadzhanyan

0 +

1151
1A, % IA, %
140 140
120+ +120

100

100 60

20 0 20 60
O, concentration, %

100

Fig. 3.
Dotted line represents initial IA.

It is worth mentioning that LRN and HRN
exhibit opposite types of reaction to the pO, de-
crease in the medium. LRN are characterized by
a considerable reactivity expressed in the appear-
ance of the first inhibition phase with a 20-25%
IA decrease as soon as 130.0+3.68 sec (Fig. 2)
after the start of hypoxia treatment, at pO, equal
to 70-80% (78.8+1.69%) (Fig. 3), and a distinct
activation phase with a latent period of 296.0+8.79
sec at pO, in the range of 40-60% (58.0+3.21%)
with a 15-25% increase in spike frequency as com-
pared to the initial level. The activation phase was
followed by a second inhibitory (terminal) phase
with a latent period of 621.66%6.84 sec and a
50% fall of IA (O, concentration at that time
36.3£0.65%). Total IA blocking took place at a
relatively zero O, concentration in the perfusate.

Unlike LRN, HRN as a rule lacked the first
inhibitory phase; an activation phase was not al-
ways recorded and it was weakly expressed, with a
latent period of 1086.6%38.14 sec at a O, concen-
tration within 80-70% (76.4+1.52%), and was fol-
lowed by a gradual decrease in the frequency of
IA. Then a plateau of IA (50% of the initial

Phase changes of IA in HRN and LRN in rat cerebellar slice induced by increasing hypoxia and during reoxygenation.

value) was observed within the 60-30% range of O,
concentration. Only when pO, fell below 30%, did
an inhibition (though less steep than in the case
of LRN) of IA occur with a latent period of
1949.0£93 .4 sec.

The reoxygenation-associated restoration period
for LRN was shorter - 732.0£4.6 sec at pO,
92.0£5.96%, than for HRN - 1006.6+77.19 sec at
pO, 94.12+3.02%, and was associated with activa-
tion overshoot at pO2 within 80-90%. As a result
of oxygenation, the 1A was restored to the initial
level in 28% of LRN and 70% of HRN.

Comparative analysis revealed a significant re-
activity of LRN exceeding that of HRN and dem-
onstrated in a prominent phase type of LRN re-
action to the oxygen deficiency. The low hypoxia
resistance of LRN was also shown in the shorter
latent periods of the development of all hypoxia
phases and the comparatively high levels of O, at
which total 1A inhibition occurred. The distinctive
features of HRN were the lack of primary inhibi-
tion of IA, low reactivity, less pronounced activa-
tion phase, the ability to retain the 50% level of
IA for a long time despite the increasing hypoxXia,

TABLE 1. Time of Development of Hypoxic State in Rats and Neurons with Different Resistance to Oxygen Deficiency (M=m)

Time of development of hypo-
Type of rat ST, sec Type of neurons xic state in cerebellar neuron
(till total IA blocking), sec
LR 130.62=0.81 ) LRN 380.0+21.01
i e e  HRN . 2510.0=14408

Note. All differences are reliable (p<0.01)
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and total inhibition attained at a lower pO, as
compared to LRN. All these features are evidence
of the significant adaptive capacities of HRN as
compared to LRN, as well as of the different
metabolic pathways involved in their realization.
This hypothesis has found confirmation in the
morphological studies of other authors [1], who
observed a predominance of “dark” neurons in the
sensorimotor cortex of HR as compared to LR
rats, the preserice of which is an index of com-
pensatory processes in hypoxia-resistant animals.

An interesting analogy is noted between the
behavior of LR rats and LRN reactions during
acute oxygen deficieny. During the “lifting” LR
animals demonstrated extreme anxiety, they were
characterized by intensive locomotor activity, fre-
quent seizures, and high reactivity, which was also
intrinsic to the LRN. On the other hand, the HR
animals showed no inappropriate movements, and
an economy of reactions was observed, as is the
situation with HRN, which did not exhibit sharp
alterations of electric activity despite the increas-
ing hypoxia. All the above-mentioned properties
enable HR animals and their nerve cells to prom-
ptly activate the emergency mechanisms of adap-
tation to a given extreme factor.

Thus, individual differences in the response to
hypoxia are of a hereditary nature, and are real-
ized primarily at the level of the genome of the
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individual nerve cell, whose metabolism determines
the functioning of organs, systems, and the organ-
ism as a whole under conditions of oxygen defi-
ciency.
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