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ENVI R ON M EN TAL OXY G EN TEN SIO N A N D ELE CTRICAL ACTIVITY OF TH E BBA I N ~w

HYPOT H ER M IA

TU. S’. Alyukhin

Laboratory of Therial Regula tion, I.. P. Pa vlov Institute of

Physiology, USSR, AS, Leningr ad

The question on what relation does the Oxygen require nent of

cells has to its actual sat isfact ion in the state of hy pot her nia has

been repeatedly discussed in the litera ture. In the 40’ s a hypothesis

va s stated concer ning the leading role of oxygen insufficiency anong

• the physio logical factors of genera l cool ing ( 10 , 16, 17]. In the

SO’s t his hypot hes is was place d under a doubt (5, 8, 1*, 15]. It was
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also shown n any tines t hat the or ganis a withstands Ui. hypox ic

conditions in the state of hypotheruia ea sier tha n at the nornal bod y

tenperature. As a result , h ypother.ia found a broad applicat ion in

the cL inical practice for the prevention of hypox ic conditions.

Ne vertheless, a nunber of factors still attest in favor of the fact

that hypot hernia in  its own right creates an oxygen insufficiency in

the organisi. The nusber of these factors includes the drop in P°2 in

the bllood as a result of the shift to the left of the oxyhe.oglobin

dissociation curve under the effect cf cooling ([7, 12] at al.). a

* prolonged life expectancy of aninals in the state of hypothernia if

the cooling is acco.plished in the average atMosphere at an increased

pressure [10 ), a progressive accunulatic~ of excess lactate in the

blood with a decrease of body te.perature (9] and others. Thus, in

the lost recent literature one can encounter indications to the

Fresence of oxygen difficiency during bypótheinia (II, 9, 13)..

We have atte.pted to explain how the oxygen conditions of the

brain change during cooling by using the reaction of electrical

activity of the brain to th. change in th. oxygen content in the
I

• •nviron..at. Electrical activity of the brain was selected by us as

an indicat or which characterized the level of f .ctional activit y of

th. brain diring hypoxi a [6)  and which is coan.ct.d with the oxyge n

r qvir..eat of the brain cells [11].
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METH ODO~.OGY

The experiments were conducted on white rats. The rats were

placed in special devices which 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 cerebal cortex of large

hemispheres (EK0A) , electrodes were inserted in the temple bone along

the sagittal sutur e at a distance of approximately 2 mm from the

latter and ~ mm from each other. The recording of EKoh Was

accomplished by means of an amp l ifier UBP— 1—02, an electron a rea

integrator of pulses of the Kozhevnikov system (3), pulse frequenc y

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 therma l vacuum

chamber Wi th a capacit y of 50 1.. equipped wit h a coil through whic h

cooled ethylene glycol circulated. As th. air tem perature in the

thermal vacuum chamber dropped gradually the animal  cooled at the

approx imat ely constant rate of 0. 1° per I m m .  The cooling was

accomplished without narcosis. Her e rarefaction was created in the

sam. thermal vacuum chamber to approximately 360 or 220 mm Hg. The

• - - • - ~~~~~~~~~ • • -  -•--- -
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temperat ure and rarefaction inside the cha•t~er was controlled

automatically. The increased pressure of oxygen (3 or 6 absolute

atmospheres) was created in a special high pressure chamber.

To eval uate the  changes occurring in the EK0A, in the

experiments with a simultaneous effect of cooling and rarefied air on

the animals the EK0A was studied also whe n animals were cooled under

the conditions of normal atmospheric pressure (bypotheraic control)

• and under rarefie~I air under the conditions ii~ which the temperature

of the animals Was maintained close to normal (hypoxic control). In

th. latter case we had to prevent the bcdy temperature dro p in rats

under the effect of hypoxia. For this the thermal vacuum chamber was

heated in such a way that the temperature in it was maintained at the

le’el of approximately 300.

The significance of the obtained results was evaluated

statistically. Zn all. 101 tests were performed cn 101 animals.

IESUL~S 0? THE INVESTIGATIONS

£n bypothermic control (Figs. lB and 2k) the area of electrical

potentials of the cerebal cortex (S—EEo*) decreased steadily in

• proporU osi to cool ing. The frequency of kigh-irequency com ponent

• • •
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(subsequentl y we will  cal l it simply frequency ) of the potentials of

• the cerebal cortex (~-EKoA), beginning with Ct° 36—33°, increased,

achieved a maximum at Ct° 30_250, then also decreased. The terminal

in the activity of EK0A began at Ct° of t3.7~Q.6° on the average

(here and subsequently the mean and its standard error are indicated

with a similar form of recording).

In hypoxic control with a rarefaction of 360 mm hg (Figs. 1k and

2B, 36°) the S— EKo A increased immediately after the rarefaction

began~ Part of thø animals could not withstand the exposure in a

hypoxic •edjui with an artifically maintained normal tempe rature of

the b cdy and perished, in this case the mortality increased in

• proportion to the duration of the exposure. In the animals that

survived the S— EK0A 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

!EoA changed sligh t ly. The slight (5°/s) statistically significant

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

In the tests with cooling under the conditions of rarefaction at

360 mm Hg (Pigs. lB and 23) we observed a natural suppression in the

3—fbI at Ct. 30-22° and i)—BKOA at Ct° 32—23° as compared with the

levels of the.. para..t.ra in a hypotheraic control. At lower

temperatures the signi f ican t differences betw•en the levels of these

• :- —.--=--- . 
~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

- -  ___ —- —--—---_ _ _ _ _ _ _ _ _ _ _ _ _



_ _ _ _ _ _ _ _ _ _ _ _ _ _ _

DOC ~ 0301 PAGE 6

parameters in the hypothermic control. a d  in the tests, as a rule,

were absent. In both series the EKoA virtually ceased at the sane

temperature of the brain (in the experiment at 14.2~0.5° on the

average). We did not observe any reliable cases of death at the

hypotbermic temperatures of about Ct° 12° in this series (the  mome nt

of death we identified with the moment when the heart ceased to beat,

whose activity was recorded by mea ns of an electrocardiograph).

In the hypoxia control with the raretaction of 220 mm Hg (Figs.

31 and 41) the sharp increase in the s—EK0A , immediately after the

rarefaction, was replaced approximately by its sudden depr ession and

death of the animals. In determining the average EK0A in this series

we added the readings above the zero w ith the zero readings,

therefore, the initial increase in the S—EK0A is absent in rig.

31(a). The ~—EKoA between the beginning of rarefaction and the death

of animals was below the normal level. The EK0A ceased after 22m5 •in

on th. average after the rarefaction began.

Since the rar efaction of 220 mm Hg proved to be lethal at normal

body temperature, in the tests with cooling such a rarefaction was

created at the tem perature cf the btaia of 26° (Figs. 38 and 448). We

did not observe any significant diftersices between the S—EK OA in

thi. test and the S—EK0 A in the hypother nic control. Initially the

J—Uok m.d.r the effect of rar efaction of 220 mm Hg was d.pressed and
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beca me lower th an the level of this par ameter in the hy pot heraic

control right up to Ct0 18°. The ~—EKoA approached the normal level

as it cooled from Ct0 244 ° to Ct0 18° and at Ct° below 18° the

difference became insignificant. The temperature at which the EK0A

c•a ed in this series (11e.5~0. 30 on the aver age) differed

insignificantly from the corresponding temperature in the hypothernic

ccmtrol. The EK0A ceased after 1144~5 mm on the average after the

rarefaction began.

We did not observe any signific ant  differences between the EK 0A

and the control values in the tests of high oxygen pressure, which

was created at the temperature of the bra in  of 17° (3 atm) or 22° (6

atm) .

The table sh3 ws 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
• 

(dep.eding on the degree of cooling and rarefaction).

DISCUSSION OP THE R ESULTS
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The rarefaction of up to 220 mm Hg at a normal body temperature

caused a rapid depression of the EKoA dcw n to zero after which the

heart ceased to beat immediately. The rarefacticn up to 360 mm Hg

Under the same conditions also caused death of part of the animals,

although they lasted longer after the exposure began. In the animals

th at per ished r ight un t i l  the moment of death , and also in those that

withstood the exposure under these conditions, the EK0A was

characterized by a significant increase in the area of potentials.

Evideitly, such an increase in S—EK0A should be examined as a sign of

instability, dangerous for life state of the Lrain under the

conditions of rare faction. The ~)— EK oA 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 rarefact ion 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 Eicoh would change

in respons e to the rarefaction during hypothermia in the same

dir ction and to the same degree as that during the normal body

• temp er at ure. This supposition we will call the hypothesis of a normal

reaction to rarefaction. Since the rate of cooling in our tests was

known, we had th. opportunity to plot, on the graphs of the

______________ ____ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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dependences S— and )—EK0A on Ct°, that proposed dynamic of change of

these parameters which should have occurred in case this hypot hesis

is valid. On Figs. 18 and 3B these hypothetical functions are

depicted b y a dashed line. These are functions, observed in actuality

at normal body temperature (Figs. 1A (a, b) and 31) and which are

transformed in accordance with the fact that the level of the

parameter at a particular hypothermic tem perature should be compared 
V

not with the norma l level of this parameter, assumed to be 10OO/~,

but with a change in its level, observed at the same tempe rature in

the hypothermic control.

In comparing such a hypothetical function with the dynam ics of

• change actually observed in the S—FKoA during cooling in the

hypothernic contr3l and under the conditions of rarefaction of 360 mm

Hg (FLg. lB(a), we can see that the given degree of rarefaction

during hypothermia not only does not elicit a dangerous increase in

S— EK0A in comparison with a hypothermic control, but even entails a

relative depression of this parameter which is significant in the

area of Ct° 30_ 320. In this case, death was net observed and the EKoA
p

in the experiment ceases virtually at the same temperatures of the

brain as t hose in the hypothermic cohtrol . Thus , it is possibl e to

assume that the brain of the rat s under these conditions is in a more

• stable state than under the sa.e rarefaction on the background of

norma l body temperature. The relative depression in S- and , in 

•_.• —~•~~-- . ••• . -_.-•-.~~.—-——•-——--——-—- ~-—--— — -•—--————

_ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _  _ _ _ _ _ _  •
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pa rtiCular in 4—EK oA (Fig. 18 ( b) in these experiments indica tes that

the reacti on to rarefaction of 360 mm Hg during hypothermia still

exists. Ap parently, this is not the usual reaction to rarefaction,

since with normal body temperature the rarefaction causes a deviation

in both param~~ers in opposite directio s’. Consequently, depression

in 5— and in ~)—EKoA during rarefaction in the cooling tests is

specific for hypothermia. In this connection, it is interesting to

note that approximately the sane region ot bypothermic temperatures

(rectal temperature 34_240) is, in the rats, the region of maximum

stress of the thermoregulation mechanisms in the conditions of

cooling ((1, 2~ et al.). It is possible, that hypoxic depression in

5— and ~—EKoA under these temperatures is analogous to the hypoxic

depression of the electric activity of muscles during hypothermia

((1] et al.) and is connected with a hypoxic suppression of the

chemical thermoregulation mechanisms.

An increase in stability of the brai n to rarefaction dur ing

hypothermia is especially clearly demonstrated by the tests carried

alt at rarefaction of 220 mm Hg (Pig. ~~~ It is possible to see that

the animals cooled to Ct° to below 260 do not experience a rapid

de pression 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 EK0A ensues after a considerably

lcmq.r period of time alter the rarefaction begins; in this case, the

--— --V- V —--- -r•- • -- ~~-~
------ --••-- - - -  

— — — - -- — —
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- • 

extinction temperature of the EK0A differs slightly from that

observed in the bypotbermic control. A significant increase in the

S—EK0A was also not observed. Temporary depression in ~I—EKoA at the

Ct° 25— 18° apparently has a mechanism which is similar to the

relative depression in the ~)—EXoA at higher bypcthermic temperatures

in response to rarefaction at 360 mm Hg. As the body temperature

dropsp in both these cases, the ~—EKoA relatively approaches the V

level of bypothernic control. Probably this is connected with a

cooling depression of the thermoregulation. Apparently, with Ct°

below 18° the therioregulation is depressed to such a degree that

even at the rarefaction of 220 mm Hg the 4—EKoA is virtually

V 
• 

identical in the tests and in the hypotheraic control.

The fact, confirmed by us, concernin g the increased stability of

• the brain to the rarefaction during hypethermia is in agreement with
V the sepposition of the fact that the hypothermia, in itself, does not

cause the oxygen brain deficiency. Otherwise, one would expect not

V 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 b~potb.rmic rats. Under these

conditions the p0, in the brain cells . probsbly increases, kovever,

wit h Sn increas , in body tempera ture , the EKo & depresses
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.pproaimat ely to the same degree as in the control and ceases at

close temperatures (see the table). If we are to assume that the

hypothermic depression of the EK0A was caused by oxygen deficiency

created in the brain as a result of general cooling, then in the

tests with compressed oxygen one would expect an increase in the EK0A

in comparison with the control level and the ceasat ion of the FK0A at

lower temperatures than those in the control. Since we did not
I

Observe this, we conclude that the oxygen deficiency of the brain

V during hypothermia, probably, does not play a significant role in the

hypothermic depression of the EK0A and, possibly, is totally absent.

COECLOSION S

1. The rarefaction of the inhaled air of 360 and 220 mm Hg

causes a relative decrease in the integral area (with the

temperatures of the brain at 30—22°) and frequency (at tem peratures

of th. brain of 32— 18°) of the biopotentials ef the cerebal cortex of

larg , hemispheres during hypothermia.

2. In the entire range of hypothermic temper atures , right up to

V 
the temperature at which the electrica l activity of the ce reb a l

cortex cea ses (1~°) ,  the rat ’s brain , judging by its electrica l

activity, is more stable to the decrease in the oxygen content in the

V V  _ _ _ V V 7 V ~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ V- V _ V  __ V  ~~V V _~_ _ ~~~~~~

L. 
_ _ _ _  _ _ _ _ _ _  _ _ _  

• V V VV~~à~~~~~~~~ 
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inhaled air than at normal body temperature (which corresponds to the 
V

Ii
well known facts which state that the stability of an organism to the

• hypo4c conditions during hypother.ia increases).

3. With the continued cooling of the rats the ceasation

temperature of the electrical activity cf the brain depend s little or

is completely independent of the oxygen tension in the environment. 
V

*. Oxygen deficiency, probably, does not play a significant role

in hy~othermic depression of electrical activity of the rats brain.

Ieceived 11 September 1967 
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Pig. 1. Change in the area (3—tEol) and freq uency (~)— IK oA) of the

electrical activity of the cerebal cortex and the survival rate of

rats durin g the rarefaction of the inhaled air down to 360 mm Hg
I

(schematically represented). A — at normal body temperature (hypoxic

control); along the axis of the abscissas — time in hours; a — change

in the S—E KoA in the survived animals; b — the same in ~)—EKoA ; c —

percent of the survived animals. B — with a continuing general

cooling; a long the axis of abscissas — temperature of the brain (Ct°)

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

depicts a 950/s confidence interval of medium temperatures at which

the electrical activity ceases in the hypothermic control (760 mm Hg)

an4 with a decrease in pressure down to 360 mm Hg. The solid line

depicts the change in the parameters of the EK0A during a decrease in
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pressare, the broken line — depicts the same in the hypo thermic
V 

control, the dashed line — change into Laraneters, which is ex pected

according to hypothesis under normal reaction to simulation (see the

text)~ The apex of the angle formed by ehort segments with an

V 
ordinate 1000/s on A and one with the other on B represent points of

intersection of the boundaries of the 95O/~ confidence zones of

regression with the ordinate 100O/~ or one with the other. FEY: (1)

of initial, (2) 0/0 survived , (3) hour , (14)  m m  Hg.
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Pig. 2. aI.sctrocset icoqraa of the rats Irsia deriag cooling under the

conditions of normal atmospheric pressure (A) and rarefaction down to

360 ii Hg (B) as a function of the brains tewperature (the numbers

are on the left). BET: (1) pV, (2) S.
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Pig. 3. Ch ange ii the electr ical activity of the rats brain during a

rarefaction of the inhaled air down to 220 am Hg (drawn

schemat ically). A — at normal body temperature (hypoxic control); the

sigment under the abscissas axis on a depicts 950,~ confidence

interva l of the average time at which the electrical activ ity ceases.

B — with a continuing general cooling; arrows — start of rarefaction;
additional abscissas axis in B, a — time after the rarefaction begins

(t) in minutes; horizontal segments b•twsmn the axes Ct° and t:

V s.g.e t on the lef t — average temper at ur. of the brain and t ime at V

which the electrical activity ceases, which is expected according to
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the hypothesis of normal  react ion to r arefect ion, on the r igh t  —

analogous temperatures and time in the hypothermic control and in the

test. The remainin g designation are the same as in Pig. 1. The left

boundary of the 9S0/~ confidence zone of regression in ‘~)— EK oA in the

upper portion of the graph of the hypoxiC Control (A, b) and

regression in ~—UoA, which is expected according to hypot hesis of

normal reaction to rarefaction (B, b), wh ich is indiscernible in the

scale of the drawings f r om the schematically drawn line of

regression. BET: (1) of initial, (2) m m ,  (3) mm Hg. -

, ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



- - -V~- V- V~~-V~~~ 

- V

DOC — 0301 PAGE 20

Table. Tem peratures at whic h the electrical activity of the rat’s
V 

brain ceases durin g hypothermia depending on .xyg.m tension in the

eqvironmea t. 
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BET: (1) bar , (Z environment (in mu Mg), (3) difference Ct ° from

control; P, (II) Air (in mm Hg), (5) Oxygen (abs. atm) 3±0.5, (6)

Motation. P6~~, — barometric pressure; — temperature of

d iscernible cortex at which the  EK0 A ceas es ; R# — analogous

rectal temperature; T S
1 

— arithmetic means 3. evaluation of a

standard error ; n — number of observations~ (~
4) ~~ 
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Pig. 14. Electrocorticograms of rat’s brain during rarefact ion to 220

V mm Hg..’ A — at norm al body temperat ure : a — initial; b — 1 mm after
rarefaction began (an increase in the area of EK0A is evid ent) ; c —

12 ai~ after rarefaction began (complet e suppression of BK Ok) . B —

with continued cooling; a — before tarefaction, Ct0 26°; b — 50 mm
V 

after rarefaction began, Ct° 200, the arc decreases with coolin g f rom

26 to 200 to the same degree as in the hy potheraic control (comp.

Pigs. 2k, 28 and 20°); c — after 86 mm , Ct° 160 the extinguishing

activity is still noticeable. KEY: (1) ~Y, (2) s.
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I~ts~ sI ~ s (with t*.perat ’es from 30*. ~~
•) s~d frsquu.cy (with brainfrom 32 to 1 8°) of the rat rebrai V

~~~~rf~x biopotentiale in hypothermia.
~~. whole ra~~e of bypotbernaic temperatures, up ~o discontinuation of the cerebrald.~ 1°~ actIvity, th. brain of rats, to judge b7 its electrical activity, is more resistant

~ sh. f~JJ ci oxy~es cont.ut in th. inspired air than under conditions of normal bod y
~~~~~~~~~ (which is in accordanc, with well—known facts of the rncreased body rem-, so hypozic conditions in hypoth rsiia). In an advance of cooling of rats the tem..

ci electrical cerebral activity discontinuation has little or no relation with en-
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DISTRIBtYrION DIREC’r TO RECIPIENT

ORGAN IZATION MICR0FI~~iE ORGANI ZATION MICROFICHE

A205 DMkTC 1 E053 A F / I N A KA  1
A210 DMAA C 2 E 017 AF / pj~~.-w 1 V

B344 DIA/RDS—3C 8 E404 AEDC 1
COIe3 US.AMIIA E408 AFWL 1
C509 BALLISTIC RES LABS 1 E4 10 ADTC 1
C510 AIR ~~BILITY R&D 1 E4 13 ESD 2

LAB/PlO FTD
C513 PICATINNY PJ~ ENAL 1 CCN 1
C535 AVIATION SYS CC*4D 1 ASD/FTD/NICD 3

NI A / PHS 1
C591 FSTC 5 N I CD 2
C619 MIA REDSTONE 1
0008 NISC 1
11300 t~~AI CE (~~ ABEuR ) 1
P005 ERDA
P055 CIA/CES/ADD/SD 1
NAVORDSTA (5oL) 1

NASA/KSI 
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1

APIT/LD 1
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