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ENVIRONMENTAL OXYGEN TENSION AND ELECTRICAL ACTIVITY OF THE BRAIN IN

HYPOTHERMIA

Yu. So Alyukhin

Laboratory of Thermal Regulation, I. P. Pavlov Institute of

Physiology, USSR, AS, Leningrad

The question on what relation does the oxygen requirement of
cells has to its actual satisfaction in the state of hypothermia has
been repeatedly discussed in the literature. In the 40's a hypothesis
vas stated concerning the leading rcle cf oxygen iasufficiency among
the physiological factors of general cooling [ 10, 16, 17). In the
50's this hypothesis was placed under a doubt [S5, 8, 14, 15). It was
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also shown many times that the organiss vithstands the hypoxic

conditions in the state of hypothermia easier than at the normal body

temperature. As a result, hypothermia found a broad application in
the clinical practice fcr the prevention of hypoxic conditions.
Nevertheless, a number of factors still attest in favor of the fact
that hypot hermia in its own right creates an oxygen insufficiency in
the organisama. The number of these factors includes the drop in pO, in

the blood as a result of the shift to the left of the oxyhemoglobin

dissociation curve under the effect cf cooling ([7, 12] et al.), a |
prolonged life expectancy of animals in the state of hypothermia if
the cooling is accomplished in the average atwmosphere at an increased |

pressure [ 10], a progressive accumulaticn of excess lactate in the

blood with a decrease of hody temperature [9] and others. Thus, in
the most recent literature one can encounter indications to the

presence of oxygen difficiency during hypothezmia [4, 9, 13].

We have attempted to explain how the oxygem conditions cf the
brain change during cooling by using the reaction of electrical
activity of the brain to the change in the oxygen content in the
environsent. Blectrical activity of the brain was selected by us as
an indicator which characterized the level of functional activity of
the brain during hypoxia [6] and which is connected with the oxygen

requirement of the brain cells [11].




HETHODOLOGY

The experiments wvere conducted on white rats. The rats vere
Placed in special devices vhich ensured that the animal could not
move its head. The temperature of the surface layers of the brain and
of the rectum (Ct°%) was determined by means of thermocouples. To
observe the electrical activity of the cerekal cortex of large
hemispheres (EKoA) , electrodes were inserted in the teample bone along
the sagittal suture at a distance of approximately 2 mm from the
latter and 5 ma from each other. The recording of EKoA was
accomplished by means of an amplifier UBP-1-02, an electron area
integrator of pulses of the Kozhevnikov system [3], pulse frequency
counter VSP which counts the high-frequency component of the EKoA,

and a loop oscillograph N-102-T.

The cooling of animals was accomplished inside a thermal vacuuas

chasber vith a capacity of 50 {, equipped with a coil through which

cooled ethYleme glycol circulated. As the air temperature in the
thermal vacuua chamber dropped gradually the animal cooled at the
approximately constant rate of 0.1° per 1 min. The cooling was
accomplished without narcosis. Here rarefaction vas created in the

same thermal vacuum chamber to approximately 360 or 220 am Hg. The
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temperature and rarefaction inside the chaster was controlled
automatically. The increased pressure cf oxygen (3 or 6 absolute

atmospheres) was created in a special high fressure chamber.

To evaluate the changes occurring in the EKoA, in the
experiments vith a simultaneous effect of cooling and rarefied air on
the animals the BKoOA was studied also when animals were cooled under
the conditions of normal atmospheric pressure (hypothermic control)
and umder rarefied air under the conditions in which the temperature
of the animals was maintained close tc normal (hypoxic control). In
the latter case we had to prevent the bedy temperature drop in rats
under the effect of hypoxia. For this the thermal vacuum chaamber was
heated in such a vay that the temperature in it was maintained at the

level of approximately 30o.

The significance of the obtained results was evaluated

statistically. In all 101 tests wvere perforsed cn 101 animals.

RESULTS OF THE INVESTIGATIONS

In hypotheraic control (Pigs. 1B abd 2A) the area of electrical

potentials of the cerebal cortex (S-EKoA) decreased steadily in

proportion to cooling. The frequency of high-frequency component
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(subsequently we will call it simply freguency) of the potentials of
the cerebal cortex (y-EKoA), beginning with Ct° 36-33°, increased,
achieved a maximum at Ct? 30-259, then also decreased. The terminal
in the activity of EKoA began at Ct® of 13.72Q.6° on the average
(here and subsequently the mean and its standard error are indicated

with a similar foram of recording)-.

In hypoxic control with a rarefaction of 360 mm Hg (Figs. 1A and
2B, 36°) the S-EKoA increased immediately after the rarefaction
begant Part of the animals could not withstand the exposure in a
hypoxic medium with an artifically maintained normal temperature of
the bedy and perished, in this case the mortality increased in
proportion to the duration of the exposure. In the animals that
survived the S-EKoA continued to remain, as a rule, on high level
(after 2 h of exposure - at least twice that of the normal) for a
duration of at least 3.5 hours. At the same time the frequency of the
EKoA changed slightly. The slight (59/,) statistically significant

increase was observed during the 2nd and 3rd hours of exposure.

In the tests with cocling under the conditions of rarefaction at
360 mam Hg (Pigs. 1B and 2B) we observed a natural suppression in the
S-BKoA at Ct® 30-22° and v~EKOA at Ct° 32-23° as compared with the
levels of these parameters in a hypotheraic control. At lower

tesperatures the significant differences betveen the levels of these
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parameters in the hypothermic control apd in the tests, as a rule,
vere absent. In both series the EKoA virtually ceased at the same

temperature of the brain (in the experisent at 14.2#0.5° on the

average) . We did not observe any reliable cases of death at the
hypotheramic temperatures of about Ct© 129 in this series (the mcment
of death we identified with the moment when the heart ceased to beat,

vhose activity was recorded by means of an electrocardiograph).

In the hypoxia control with the rarefaction of 220 mm Hg (Figs.
3A and 4A) the sharp increase in the s-EKOA, immediately after the
rarefaction, vas replaced approximately by its sudden depression and
death of the animals. In detersining the average EKoA in this series
ve added the readings above the zero with the zero readings,
therefore, the initial increase in the S-EKoA is absent in Pig.
3A (a) « The V-EKoA between the beginning of rarefaction and the death
of animals vas below the normal level. The EKoA ceased after 2235 min

on the average after the rarefaction began.

Since the rarefaction of 220 ma Hg proved to be lethal at normal
body temperature, in the tests with cooling such a rarefaction wvas
created at the temperature cf the brain of 26° (Pigs. 3B and 4B). We
d4id not observe any significant differences between the S-EKOA in
this test and the S-EKod in the hypothermic control. Initially the

v-BKoA under the effect of rarefaction of 220 ss Hg vas depressed and
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became lower than the level of this parameter in the hypothermic
control right up to Ct° 18°. The Y-EKoA approached the normal level
as it cooled from Ct® 249 to Ct©® 18° and at Ct° below 18° the
difference became insignificant. The temperature at wvhich the EKoA
ceaged in this series (14.5$0.3° on the average) differed
insignificantly from the corresponding temperature in the hypothermic

centrol. The EKoA ceased after 114+5 min on the average after the

rarefaction began.

We did not observe any significant differepces betvween the EKoA
ard the control values in the tests of high oxygen pressure, which
vas created at the temperature of the brain of 179 (3 atm) or 22° (6

atm).

The table shows the temperatures at which the EKoA ceases in

various media.

In all experiments with cooling the rectal temperature was

higher than that of the brain's surface layers by 2-3° on the average

(depeading on the degree of cooling and rarefaction).

DISCUSSION OF THE RESULTS s
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} The rarefaction of up to 220 mm Hg at a normal body temperature
caused a rapid depression of the EKcA dcwn to zero after which the

L; heart ceased to beat immediately. The rarefacticn up to 360 am Hg

4 Under the same conditions also caused death of part of the animals,
although they lasted longer after the exposure began. In the animals
that perished right until the soment of death, and also in those that
vithstood the exposure under these conditions, the EKoA was
characterized by a significant increase in the area of potentials.
Evideatly, such an increase in S—-EKoA should be examined as a sign of
instability, dangerous for life state of the ktrain under the
conditions of rarefaction. The Yy-EKoA with a rarefaction of 360 mm Hg
changed little in the hypoxic control. Thus, it is of little
information in the evaluaticn of the stability of the brain under the
conditions of rarefaction and for predicting the possibility of

lethal outcome.

Evidently, if the reaction of the brain to the rarefaction

during hypothermia would not change as compared with the reaction
during a normal body temperature, the parameters of EKoA would change

in response to the rarefaction during hypothermia in the same

direction and to the same degree as that during the normal body
temperature. This supposition we will call the hypothesis of a normal
reaction to rarefaction. Since the rate of cooling in our tests wvas

knovn, ve had the opportunity to plot, on the graphs of the
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dependences S- and Yy-EKoA on Ct°, that proposed dynamic of change of
these parameters which should have occurred in case this hypothesis
is valid. On FPigs. 1B and 3B these hypothetical functions are
depicted by a dashed line. These are fumnctiocns, observed in actuality
at normal body temperature (Figs. 1A(a, b) and 3A) and which are
transformed in accordance vwith the fact that the level of the
parameter at a particular hypothermic temperature should be compared
not vith the normal level of this parameter, assumed to be 1000/,,
but with a change in its level, observed at the same temperature in

the hypotheraic control.

In comparing such a hypothetical function with the dynamics of
change actually observed in the S-EKoA during ccoling in the
hypothermic control and under the conditions of rarefaction of 360 mm
Hg (Pig. 1B(a), we can see that the given degree of rarefaction
during hypothermia not only does not elicit a dangerous increase in
S—-EKoA in comparison with a hypothersmic control, but even entails a
relative depression of this parameter which is significant in the
area of Ct® 30-329. In this case, death was not observed and the EKoA
in the experiment ceases virtually at the same temperatures of the
brain as those in the hypothermic control. Thus, it is possible to
assume that the brain of the rats under these conditions is in a more
stable state than under the same rarefaction on the background of

norsal body temperature. The relative depression in S- and, in

TR SOV SV IR CEE S PR S Se S WIS, =TI TR R S e s L il ol 05
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L particular in J-EKoA (FPig. iB(b) in these experiments indicates that

the reaction to rarefaction of 360 mm Hg during hypothermia still #
exists. Apparently, this is not the usual reaction to rarefaction,
since with normal body temperature the rarefaction causes a deviation
in both parameters in opposite directiogs. Consequently, depression
in S- and in V-EKoA during rarefaction in the ccoling tests is
specific for hypothermia. Imn this connection, it is interesting to
note that approximately the same region of hypothermic temperatures

{(rectal temperature 34-24°) is, in the rats, the region of maximum

E : stress of the thermoregulation mechanisass in the conditions of
cooling ([1, 2] et al.). It is possible, that hypoxic depression in
S- and )-EKoA under these temperatures is analogous to the hypoxic
depression of the electric activity of muscles during hypotheraia
([1] et al.) and is connected with a hypoxic suppression of the

chemical thermoregulation mechanisnms.

An increase in stability of the brain to rarefaction during

hypothermia is especially clearly demonstrated by the tests carried
out at rarefaction of 220 mm Hg (Pige 3B)« It is possible to see that
the animals cooled to Ct°® tc below 26° do not experience a rapid
depression in EKoA down to zero, which one would expect in the case
if the hypothesis on the normal reaction to such a rarefaction is
valid. A full suppression of the EKoA ensues after a considerably

lcnger period of time after the rarefaction begins; in this case, the

e e ———————
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extinction temperature of the EKoA differs slightly froam that
observed in the hypothermic control. A significant increase in the
S-EKoA vas also not observed. Temporary depression in J-EKoA at the

Cto 25-189 apparently has a mechanism which is similar to the

relative depression in the V-EKoA at higher hypcthermic temperatures
in response to rarefaction at 360 mm Hg. As the body temperature
drops, in both these cases, the V-EKoA relatively approaches the
level of hypothermic control. Probably this is connected with a
cooling depression of the thermoregulation. Apparently, with Ct®
below 182 the thermoregulation is depressed to such a degree that
even at the rarefaction of 220 mm Hg the V-EKOA is virtually

identical in the tests and in the hypothermic centrol.

The fact, confirmed by us, concerning the increased stability of
% the brain to the rarefaction during hypethermia is in agreement with
the supposition of the fact that the hypothermia, in itself, does not
cause the oxyger brain deficiency. Othervise, cne would expect not
the weakening, but, on the contrary, an intensification in the effect

of rarefaction of the inhaled air during hypothermia.

This conclusion is also supported by our experiments on the
effect of high-pressure oxygen on the hyjpothersic rats. Under these
conditions the pOz in the brain cells, ptobably..incrcascs! Hovever,

vith an increase in body te~perature, the EKod depresses

1 , A 2 D L U 1 U LIRS B0 SRR SPrpUL 1L D TMOR CA JER
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approximately to the same degree as in the control and ceases at

Q‘ close temperatures (see the table) . If we are to assume that the
hypothermic depression of the EKoA was caused by oxygen deficiency
created in the brain as a result of general cooling, them in the
tests with compressed oxygenm one vould expect an increase in the EKoA
in comparison with the control level and the ceasation of the EKoA at
lover temperatures than those in the coamtrol. Since ve did not
observe this, we conclude that the oxygen deficiency of the brain
during hypothermia, probably, does not play a significant role in the

hypothermic depression of the EKoA and, possibly, is totally absent.

CONCLUSIONS

1. The rarefaction of the inhaled air of 360 and 220 mm Hg
causes a Celative decrease in the integral area (with the
temperatures of the brain at 30-229) and frequency (at temperatures
of the brain of 32-189) of the biopotentials of the cerebal cortex of

large hemispheres during hypothermia.

2. In the entire range of hypothersic tesperatures, right up to
the teaperature at which the electrical activity of the cerebal
cortex ceases (18%), the rat's brain, judging by its electrical

activity, is more stable to the decrease in the oxygen content in the
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ﬁ : inhaled air than at normal body temperature (which corresponds to the

3 vell knovwn facts which state that the stability of an organiss to the ]

hypoxic conditions during hypothermia increases).

3. With the continued cooling of the rats the ceasation

temperature of the electrical activity ¢f the brain depends little or

is coapletely independent of the oxygen tension in the environment.

| 4. Oxygen deficiency, probably, does not play a significant role

in hypothermic depression of electrical activity of the rats brain.

Beceived 4 September 1967
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Fig. 1. Change ia the area (S-BKold) and fregquemncy (J-BKod) of the
electrical activity of the cerebal cortex and the survival rate of
rats during the rarefaction of the inhaled air down to 360 mm Hg
(schematically represented). A - at norsal body temperature (hypoxic
control); along the axis of the abscissas - time in hours; a - change
in the S-EKoA in the survived animals; b - the same in V-EKoA; c -
percent of the survived animals. B - with a continuing general
cooling; along the axis of abscissas - temperature of the brain (Ct9)

in °C; horizontal segments under the abscissa axis in the B, a

depicts a 959/, confidence interval of sedium temperatures at which

the electrical activity ceases in the hypothersic control (760 ma Hg)
and vith a decrease in pressuyre down to 360 mm Hg. The solid line

depicts the change in the paraseters of the EKoA during a decrease in
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pressure, the broken line - defpicts the same in the hypotheramic
control, the dashed line - change into farameters, which is expected
according to hypothesis under normal reaction to simulation (see the
text)¢ The apex of the angle formed by short segments with an
ordinate 1009/, on A and one vwith the cther onm B represent points of
intersection of the boundaries of the 959/, confidence zones of
regression with the ordinate 1009/, or cne with the other. KEY: (1)

of initial, (2) 9/, survived, (3) hour, (4) mm Hg.
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Fig. 2. Electrocorticogras of the rats brainm duriag cooliag under the

conditions of normal atmospheric pressure (A) and rarefaction down to
360 mm Hg (B) as a function of the brains temperature (the numbers

are on the left). KEY: (1) uv, (2) s.
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Pig. 3. Chamge in the electrical activity of the rats braia dering a
rarefaction of the inhaled air down to 220 am Hg (drawn
schematically). A - at normal body temperature (hypoxic control); the

segment under the abscissas axis on a depicts 959/, confidence

interval of the average time at which the electrical activity ceases.

B - vith a continuing general cooling; arrows - start of rarefaction;

additional abscissas axis in B, a - time after the rarefaction begins
(t) in minutes; horizontal segments between the axes Ct° and t:
segmesat on the left - average temperature of the brain and time at

vhich the electrical activity ceases, vhich is expected according to
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the hypothesis of normal reaction to rarefaction, on the right -
analogous temperatures and time in the hypothermic control and in the
test. The remaining designation are the same as in Pig. 1. The left
boundary of the 959/, confidence zone of regression in Y-EKoA in the
upper portion of the graph of the hypoxic controcl (A, b) abd
regression in Y-BKoA, vhich is expected according to hypot hesis of
norsal reaction to rarefaction (B, b), which is indiscernible in the
scale of the drawings from the schematically drawn line of

regression. KEY: (1) of initial, {2) min, (3) ®» Hg.

s e o Fe




poC = 0301 PAGE 20

Table. Temperatures at which the electrical activity of the rat's

brain ceases duriang hypotheraia depending on oxygeam teasion ia the .

environment. @) o, : ~ Cljgkoa g
. B e e
) (» uu pr, CY.)
e (a T. OT.) >
- e as |8
» | mE |0 ‘
0120 15044 | 1e |
Kucnopog (a6c. arm.) 31 0.5 23004400 8 |
) _ v ; 3
TMpaMevanme. Pgyy, —CapomerpRescos 2ansenns; Clf w Dikos — TOWIIDATYDA NOPM Wogza, ‘ f

novoped mpempamsevca IKOA; Rif o pios — SRANOCHNRAR PPUTANMES TOUROPETYPL. £ 1 o5
;Wt“m%-‘w"v"” : - f

KEY: (1) bar, (2) enviromseat (in sa Hg), (3) difference Ct° from
control; P, {(4) Air (in mm Hg), (5) Oxygen (abs. atm) 3:0.5, (6)

Notation. P - barometric pressure; Ctj _EKoA - temperature of
éup =

discernible cortex at which the EKOA ceases; AR¢_gup - analogous

rectal temperature; X & Sq = arithmetic means g evaluation of a

standard error; n - number of observations, ("4) wo.
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00
Q) Tem. (2)

Fig. 4. Electrocorticograms of rat's brain during rarefaction to 220
am Hge A - at normal body temperature: a - initial; b - 7 min after
rarefaction began (an increase in the area of EKoA is evident) ; c -
12 min after rarefaction began (complete suppression of EKoA). B -
vith continued cooling; a - before rarefaction, Ct° 26°; b - 50 min
after rarefaction began, Ct° 20°, the arc decreases wvwith cooling from
26 to 20° to the same degree as in the hypothersmic control (comp.
Pigs. 2A, 28 and 209); c - after 86 min, Ct2 16° the extinguishing

activity is still noticeable. KEY: (1) pV, (2) s.




TP A

DoC = 0301

>

the bra:

area (with brain tem

conditions in hypother

PAGE 22

l‘kkﬂcm»n&lﬁdﬁhnm’n

TranrTRs  WRITET L Uil s

reduction
peratures from 30 to 22°) and freq (with brain
from 32 to 18°) of the rat cerebral cortex biopotentials in l thermia.
whole range of hypothermic temperatures, up to discontinuation of m

i in of rats, to judge by its e
content in the ins;

d cerebral
trical activity, is more resistant

gired air than under conditions of normal body
is in accordance with well—known facts of the increased body resi-

mia). In an advance of cooling of rats the tem-
ical cerebral activity discontinuation has little or no relation with en-
‘ension. ency is unlikely to be siguificant
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