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TISSUE MBECHANISN OF ADAPTATION OF ANIMALS TO A REDUCED
OXYGEN CONTENT IN THE BNVIRONMENT

!?ollowing is a translation of an article by
Ns As Verzhbinskayea in Zzvestiys &%ademii
Nouk S8SSR (News of the Academy of Solences
USSR), Nos .3, Mosoaw, 1962, pp. 430~ 442,71

-Se fan it is far from clear whioh physlological and

" bilochemical mechanisms provide for the acolimatization of
animals to hypoxia, in what sequence they -are included in

+ the total combination of adaptive reactions of the body in
response to the prolonged effect of a hypoxio medium, and
which physiological and biochemiocal changes in{ the body :
‘should be regarded as an index of true . or oomplata acclimas=
tization 6 hypoXia. -

The extensive litarature dealing with tho effect of
varlous forms of hypoxia on the functions of snimal organisms
contains a tremendous number of facts depicting various frag=
ments of the acclimatization process, which, however, oannot
as yet be reduced to a single definitive concept of it.

For the purposa of putting order intoe the existing
extensive material it is essential Tirst of all to select for
analysig only data pertaining to true acclimatization of anie
mals to hypoxia. Following Ye. M. Kreps (19356), we call the
totality of adaptive physiological and blochemical changes
occurring in response to a prolonged erfect of an altered en=
vironment and oreating a new physiologioul condition of the

" pody whiol is better adapted to the altered existential con=
ditions "acolimatization to hypoxia,” Not only gocd survival
of organisms in the altered medium but, of necessity, also
their normal multiplication, with geod survival, normal devele
- Gpment, and maturation of the progeny should also be consider=
ed an index of ocomplete acclimatization.

It would be no exaggoration to state that at ‘the Pro=-
sent time the role of tissue adaptation to hypoxia during the
acdlimatization process has heen least oclarified,

; The main cause of variegation of the expsrimental

data is the extreme variety of the experimental conditicns.

In the groat majority of studles the oxygen content in the
medium was lower than that in which true acolimatization is
passible. The experience of Ye. M. Kreps' laboratery showed
that a slight reduction of the oxygan content in the atmosphere
of the chamber, below ten perscent (at sea lovel), can interferse
with the repreductive funotion of rata--animals whion are
very resistant to hypoxia (Kreps and others, 1956a).

In many studies in which changes in the activity ofJ
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ff—;issuo oxidative systems have been desorlbed only the good
© survival of animals under hypoxic conditions and the devel-
opment of a number of physiological ochanges in them have

been noted; no study has been made of the multiplication of
animals and, therefore, there has not been adequate basis

for assuming the development of true acclimatization in the
sense in whiech it is presented here, In a number of studies
.2 more or less signifiocant increase of activity of the main
cell oxidative. systems determinable under in vitro condi=-
tions, has been establisned. Ze I. Barbasheva (1952, 19358}
described an increase in the activxty of brain oytochrome
oxidase and that of other tissues, a slight inocrease in the
-oytochrome C content in the muscles and other changes in thé

- tlssues of mice and rats trained for hypoxia for.a month.

+ More marked changes under conditions of more severe but brief=
er hypoxia were obsaerved by Z. K. Sulimo=Samuyllo (19352), )
Delachaux and Tissieres (1956), Delachaux and Berson (1947},
Harnischfeger and Opitz (1950) found a considerable increase
in the content of oytochroms ¢ in the muscles of rabbits and
guinea pigs exposed to the effect of hypoxia in dlfferant

- forms of experiments. Delachaux and Tissieres also found a
considerable increase in the myoglobin content of the muscles.
" In other works these data have not been confirmed (Kreps and

_ others, 1956a, b, c). Under similar experimental conditions
which frequently accurately ocopied those described, the.
aunthors did not find any increase in eénazyme activity, essen=
tlal changes in the cytochrome C content of the brain, muscles
“or other tibsues, or in the myoglobin content in the musoles
of animals trained for hypoxia.

In the group of works which made a study of changes in

tissue metiabolism occurring under conditions of a known severe
hypoxia incompatible wlth acclimatization, a distinct reduc-
-tion of activity of oxidative enzymes, a reduction in the rate
of turnover - of phosphorus~containing compounds were always
found (Kreps, 3mirnov, Chetverikov, 1954; Shapot and Gromova,
1954; Domontovich, 1953); preliminary training of the animals’
under conditions of moderate hypoxia reduced the magnitudes of
the ohanges which followed (Domontovlch, 1958 ) o

In previous studies of Kreps' laboratory (Kreps and
others, 1956a, b, c; Kreps, 1956; Voytkevich, 1953) the ro=~
sults of a study of the acclimatization proscess of animals to
hypoxia wore presented under conditions of a long (nine vears
now) chronio experiment, In the first works data vere prow=
sonted on the condition of oxidative tissue metabollsm in the

first four generationg of rats acclimatized in ain almusphers

with an oxygen content reduced to 10.5 percent at normal
pressure. However, at that time, in the fourth generation,
the multlplication of rats was considerably retarded: the con=
ditions of the chamber proved to be too severe,and the hypoxia
was incompatible with the prolonged exlstence of the animal;
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r:;or & number of generations. After a slight lessening of

Lphoﬁphorus injected inte the animals for very short times, |

patase,

the degree of hypoxia (the oxygen content was ralsed to 11
percent) multipliocation was restored, and at the present
time we have 12 generations of rats which have bheen born;
bred and have given progeny under conditions ‘of oxygen de-

. fMolency.

In the first works it was shown that the aotivity of
the main ocellular oxidative enzyme systems did not undergo

~any appreciable changes in any of the tissues studied. How=-

ever, at that time a ohange was found in the properties of
the oytochrome systom in the brain’ and cardiac muscle of
"hypoxio" rats.

: The activity of the coliular oxidative enzyme Systems
was determined under in vitro oconditlions at that time. In

. this form of experiment it is diffioult. to Selec¢t the ocon=

ditions whioh reocreate the physiologlcal level of tissue
metabolism ocharacteristio of it in vive. Under in vitro cone«
ditions the potential activity of enzyms systems determining

the maximum capacity of the system within limits of whioch the
‘physiclogloal variations in lts aoctivity were carried out was

measured. Considerably better suited to investigations of
this kind is the form of experiment on the intact, uninjured
organlsm with its operating regulatory systems, with & normal
call ooncentration of all the agents which determine the
rates of -the ‘enzymic reactions., - :

- ~In the present work, which in =a ‘shronic experiment
continues the investigation of the acclimatization process of

-animals to hypoxia (Kreps 1956), the results of a study of
“the rate of turnover of adenosinetriphosphoric acid (ATP) in

the brain in vivo and the permeability of the hematoencephalio

“barrier in 11 generations of rats born, bred and reproducing

in a hypoxic mwmedium containing 1l0.5«1l1 perocent oxygen ars pro=

Sented. The conditions under which the rats were kept have -

already been described in detail (Kreps and others, 1956a),
White rats were kept in a gas flow chamber, in which for 12
hours a day a mixture of air and nitrogen was administered;
the carbon dioxide and moisture in the chamber were absorbed
by soda llme and silica gel. In the present work, for teoh=
nical reasons, it was impossible to study all 11 gensrations
of rats; the first and second generations were investigated
and then, from the elghth through the llth. The generations
between the seoond and eighth were not studied.

Method

In this work the methed of determining the turnover
of ATF in the brains of warm=blooded animals which we worked
out (Verzhbinskaya, 1957, a, b, 1958) was used. The method
is based on the utilization of small doses of radicaoctive
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! five, ten and 15 minutes, with the obligatory determina=

tien of tho blecd sentent of the brain and the introduction
of a verrective factor for the radicactivity of cerebral
blood. In .Vﬂry szperiment four rats were investigated
(twe "hypoxio" and two control rats). The animals were in=
jeoted intraperitonsally with NazHPOL labeled for P in a
quantity of 0.2 mioroourie of PJ7%x10 miorograms of P31 per
gram of body woight in a volumse of 0.5 oo per rat. After

five, ten and 15 minutes in various experiments and 60 mine-

utes mfhar the injection of the labeled phosphate the ani=
mals were frozen in 11quid oxygene At the last moment bew=
fore lmmersing the animal's head in the llquid oxygen am
inocislon waid made in the neok through the carotid artery,
and sotveral drops of blood were colleoted in liquid oxygen.
By thi& method simultaneous fixation of the blood and brain

was achieved, which is very important in experiments of- short .

duration. The stony-hard brain Wwas cut.out of the skull and-

"ground up by means of liquid oxyken into a fine powder,. the
‘bulk of whioh was trangferred to previously weighed flasks

with helf~frozen five-percent triochloracetic acids  In the
small f'lask containing ten-percent trichloracetie acid a
certain quantity of frozen blood was taken up,and, finally,
a small quantity of brain powder (25«50 milligrams) was put
in & weighed flask containing 0.2 percont NaCl sclution. The
portion of brain powder put in the five percent trichlorace-
tic acld was used for thé determination of the content and

‘radionotivity of inorganic phosphate of the brain (IP), of

brain adenosinetriphosphate (ATP) and brain creatine phosw
phate [CP); the portion.of bBrain powder put into the hypo=-
toniec Nagl solution was used for a determination of the con=-
tent af blood in the brain and for introducing a corrective
factor fof the radioactivity -of blood phosphates;and, finally,

“in blood put lnto the ten=-percent trichloracetic aoid a deter=

mination was made of the content and radioactivity of IP and

'ATP of the blood,

The ocontent of P-in fraotions of IP and ATP of the
brain and blood was determined in iscbutanol extracts of an
IP pruoipitate by the Delore method and in isobutanol ex-
tracts of a mercurial precipitate of ATP-ADP alter a temn~
minute hydrolysias of it in 1 N HC1l at 100°, Phosphomolyb~
date was reduced with SnCl, according to the A. V. Kotel!
nikova methoed {(1957). ﬁtrol tosts were also performed in
which the phaﬁphamolybdate was eztraocted with isohutancl in
a reduced form. by the Fiske and Subbarow method.

The radicactivity of lesbutancl sxiracts was measured

on & T-25=3FL and-type counter and a type B scaler.

The figures obtained in the experiments contained all
the nwoessary data for calculatlon of the specifioc radio=-
activity (3R}, correoted for the radicactivity of blood

L?r0$emh in the brain and in the IPF and ATP freaotions of the
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f—;rain. Then, the RIR [relative specifio radicactiviiyjof !
the hratin ATP was saloulated, whieh in percentages express=~
ed the ratic SR-ATY ¢« The radiemotivity of the CP
SR~brain IP
fraction of the brain was used for a more complete record
of radlcactivity passing from the inorganioc phosphate frag~
tion of the brain into the organic phosphate fraction of the
brain, Cnnsidgring that only ADP is the primary acceptor of
the labeled P32 during the course of 6xidative phosphoryla=
tlon and that the radioantiviiy in CP can oocur only as the
"resnult of interesterification of (P and ATP, wa found it
more accurate to refer ths entire radicaotivity measured. in
fractivns of ATP and GP of theé brain to the P content in
ATP slone; in this way the SR of ATP was caloulated, which
" includes the entire radioactivity of the labile maoroergic
adenylic nucleotides of the hrain. In a correspending manner,
the R3R of ATP . was c¢alculated, which, acoording to our sencept,
mare xulLy refleots the rate of the oxidative phosphorylation
process in the brain.
' The ratic SR=IP of brain gave the R3R of IP of the
: © SR=1P of bicod
brain and characterized the permeability of the hematoenceph-
alie barrier to- P
' . The admixtura of b]cod in the brain was determined by-
the benzidine methed, worked out for guantitative determina~
tion of blodd hemoglobin by Bing and Baker (1931, 1932) and
adapted by us for a determination of the blood ocontent in the
tizsues,  Small portions of the brain powder with 0.2 perocent
NaCl and portions of blood were weighed on an analytical bal-
ance and diluted with two percent Nall to 1:400, shaken vigw
“orously, and left in the refrigerator until the neéxt day, In
the morning the tests were centrifuged (ten minutes at 3000-
400C rpm), and the centrifugates were used for further determ
winasione )
A color calibration scale of bBlood was made for the
brain extracts, For this purpose tho blood was first diluted.
with NaCl to 112000, 1:4000 and 1:8000, and then eaoh dilu=
tion mentioned was again diluted by five times with ons of the
brain extracts. By this method a dilution series of blood was
obtained'of 1:10,000, 1:20,000 and 1:40,000, in which foure
fifths of the volume was constituted by the brain extract and
une-*ifth of the volume by a salt solution of bloed hemoglob-
in. :
- Into a number of test-tubas,,eaoh containing 0.5 c¢o

of the benzidineg reagent, 2.5 22 of sach bleed dilutisn {in tws

parallel tests) was poured; two blank teits ware performed,
gach eontaining 0.5 ce¢ of henzidine reagent, 0.4 oc of brain
extract and 0.1 cc of 0.2 percent NaCl., The test=tubes were
carofully shaken, and 0,75 percont Hzo vas added in a guan=
ltiby of Q.25 oo to each. Color developed in two j
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rhnurs. changing from & transient blue to a persistent red.
After two hours, 20 percent-acotic acid was added to all
the test-tubes . %o a final volume of 5 ec, mixed, and ex-
amined colorimetrically after eight minutes on a photo-
sleotric PEK~M colorimeter against & blank test which con-
tained a mixture of all the components with the exception of
Ha02. A calibration ocurve was constructed as follows: on
- the absoissa axis the extinction of decreasing blood dilu~
tiona was plotted; . on the ordinate axis, the percentage of
blood in the brain. The brain samples were treated simul-
taneously with the blood samples and were examined ocolori-
metrically against a cerresponding blank test, Correspon=
dence of the brain color in a dilution of 1:400 with the

' eolor of blood in dilutions of 1:10,000, 1:20,000 or 1140, 000

* ‘corresponds to a lw=, 2-, or 4% blood oontent in the braln.
The 1ntermediate blood concentrations were found from the
v ourve.
The henzidine reagent was prepared from recrystal-
lized bonzidine acoording to the method of the authors.

Results 6f the Ezperimants

. . In Table 1 the arithmetio means and the mean errors
of the values for the SR and RSR of ATP and IP of the brain
and the values of the SR of IP of blood in control rats and
in rats acolimatized to hypoxia are shown five and 15 minutes
after they had been injected with radiocactive phosphato.

: By analyzing the first twoe horizontal columns ih the
Table,whioh contain the data of five=minute experiments for
control rats and those acoclimatized to hypoxia, we can find
a distinot, statistically significant inorease in the rsnows
al rate of braln ATP in the latter,

‘ The turnover rate of ATP in brain metabolism. oalcu-
-lated according to the data .of five-minute experiments
{Verzhbinskaya, 1957b. 1958), i3 equal to the following in
sontrol rats: 6025 micromoles of P of ATP per gram of brain
per hour and, for the acclimatized rats, 5*9 micromoles of

P of ATP.

. The results of 15-minute experiments alsc show the
considerably greater renewal rate of ATP* in the brains of
acolimatlized rats by comparison with the controls. From the
data of l%5-minute experimentas it ls impossible to ocaloulate
the renewal rate of ATP in the brain metabolism, because dur-
ing this period the labile groups of ATP are reocreated twice
in control rats and tnree times in “hnypoxio® rats during the
metabolio process, These conditions are unsultable for cale
culating the renewal rate of ATP in the process of oxidative
netabolism, However, the faot of the higher renewal!rate of
ATP of the brains of aocclimatized rats is also oonfirmed by

L_ge 15-minute exposure periodse J
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Average Values for the- Turnover Rate of labile P of ATP in
. the Rat Brain

Table 1

0.2 Microouries of P32+10 Miorograms of P31 Were Injected
per Gram of Body Weight in a Volume of 0}5 cc pear Ratb.

|

" . xa P/l P 1wk P Moy s
.Qxcnoa_unnn. DAKINN Ax}uia:. @"ﬂ%’“ - p d:".'ITO% . VI;‘ il;?% n
oHTDONS ATO* |- 14507 5 | 4,0 40,7 .| 27,8421 o
O(o win, M’ HO mis:z 15,4 ii O 2, 1,440,240 | 49
~ P Rposi 3252.7 | 1870.0E168,0 =
nnoxcmi L T+ 1584-8,2 7 0, 5 36,444,0 . '
“ MHH. Y o 124?’.3- *' E3) A 2,450,48 | 22
P xpomu 51+2,8 1255 0 iass 0 o o
Konrpots T - | 188 15,4 43,1 | 37,040 7
@m m?v? @A . & % :
@Kompm 2yTes | 158 10,844 ,6 e -
. 15 wam. (L7 He. 138 22,042,001 £,4£3,8 | 1,440,487 140
. » xpomM | 56 1620,04454,0 o
((unokenn - genator (441 | 41,8 4, 2 03,048, ,
twm. (%) HO  |130 24,8 2,640,5 | &
: Kposu | 48 1215,0 7@0

Note.  *In the control rats the time needed for the -
turnover of the two terminal groups of labile P of ATP was
equal to seven minutes. The rate of sturnover of the two
labile P groups of ATP was equal to 60 micromoles of P per
gram of brain per hour. In hypoxic rats the time needed for.
the turnover of the two lablle P groups of ATP was equal to

~ five minutes, The rate of turnover was equal to B3 micromoles
of P per gram of brain per hours 1, Exposure time; 2.
) Fraction; 3. Micrograms of P per gram of brain, Mim:; 4. 3R of
. 'ane microgram of P, pulses per minute, Mim; 5. RbRﬂ-ATP, %y
MIm; 6. RSRM of IP, %, MIm; 7. Control, 5 minutes; 8, Hypoxia,
4 minutes; 9. Control, 10 minutes; 10. Control, 13 minutes;
11. Hypoxle, 15 minutes; 12. ATP¥, IP,, P of blood; 13, ATP*,

The ATP content in the brains of "nypoxie" and con~
#rol raivs, as s seen oo vhe J.nu.n.w. L1z ths sams,

Aleng with an ineresse in the turnover rate of ATP in
the metabolism of brains of rats acclimatized té hypoxia an
inorease 18 observed also in the rate of penectration of P32
through the hematoenocephalic barrien In the sixth vertical

L?olumn of the Table, which contains the figuras for the g§§-




IR of the brain, is seen that this flgure is higher in rats
" acolimatized to hypoexia, which is evidence of the greater
rate of penetration of P32 from the blood into the brains of
"nypoxic" rats than in the ocontrols., This faot has alrsady
been dessribed (Smirnov and Chetverikov, 1953). -

The interpretation of this faot offers certvain dife
ficultles. The high figure for the RER«IF of the brains of
hypoxic" rats means that a larger quantity of P32 passed
from the blood stream inte tle brain parenschyma per unit
time in the "hypoxic" ratsa than in the controls. This change

" "may have been caused.by an inoresse in the permeability of

the hematoencephalic barrier or by an increase in the con~
taot surface of birain tissue with the caplllary network.
R Acsording to the data of V., I. Voytkevich (1958},
* in several generations of "hypozio® rats an inorease in the
amount of blood in the brain was observed by 43-46 percent,
caused both by a dilatation and a hyperplasia of the cere-
bral blood vessels. Hence it follows that in the "hypoxic®
“rats there 18 an inorease in the surface through vhich an ..
~ exchange .can ooocur between bleod and brain, However, there
-i8 a reason to believe that in the "hypoxie" rats a direct
inorease in the permeability of the hematecencephalic barrier
is also observed, Thus, in all the "hypoxic! rats which we
investigated the radloactivity of the blood five “B% 15 min=
utes after the injection of the same quantity of P’° was™
less than in the controls. This was probably caused by the
ﬁreator resoxrption rate of P by all the hody tissues in the
hypoxie" rats and, it must be oonsidered, i3 evidence of a
general inoreass in the rermeabllity of barriers in the body,
partiocularly, an inorease in the permeability. of the hematoe«
encephalic barrier. . _ , -
, : In additlon, getting shead of nurselves, it may be
noted ‘that in the late generations of 'hypoxie! rats the
“blood ocontent of the brain remains increased, and the per-
meablility of the hematosncephalioc barrier returns t¢ nermal.

'_”A comparison of all the faots observed ocauses us, toe cenolude

that an inorease in the rate of Fenétration of pie through
- the hematoencephallioc barrier in "hypoxic™ rats ia in some
measure due to an inoreased permeabllity.of the barrier.

N As further analysis shows, however, the relationship
hetween the rate of gxidative phosphorylation and the rate
of penetration of p3 through the hematoencephalic barrler is
very compliocated, :

' In Tige 2 curves are presented which show the statise

tical distribution of the values of RSR of ATP of brain ace
cording to the data of varlous experiments. The curves were
constructed in the following way: the entirs xange of indi=
vidual variations of the values of RSR~ATF of the brain was
divided into different groups: 0203 20-40; 40=60; 60-30%
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Pigs 1« Change in the Average Figures for the Specific
Radioactivity of IP of Blood of Control and "Hypoxic' Ratswith
Time, Pulses per Minute Eor Miorogram of F. .l. Control;

2, Hypoxia; 3. Minutes; 4, Specific Radioactivity of One
"Miorogram of P in the Blood in Pulses per Ninute. .

. plotted on the abscissa axis; the number of expariments pox=
. formed for each group wes expressed in percentages of the
total nusber of experiments and was pletted on the ordinata
‘axlses The bottom ocurve, a, whioh depicts the statistioal
distribution of data for the control rats, has a single peak
with' a maximum in the region of values of RSR=ATPa220=40,
Curve b, which represents the distribution of RSR~ATP of the
‘brain values for all "hypoxic" rats investigated, has a more
_spreoad=-out shape with.a sSuvoond mazimum noted, whioh attests
to the ocourrencs of inhomogeneity in the experimental materw
ial; of the ccourrence of a certain number of individuals
with a higher rate of oxldative phozphorylation in the brain,
- First, we regarded this curve as an index of individual in=-
homagenelty of the material, an index of the fast that during
the process of acolimatization to hypoxia various individuals
Show a greater rate of development of the adaptive changes,

Howovex, further analysis shows that in the first and second

gensrations of "hypoxic" rats {(ourve o} the statistical dise
tribution of the values .for RSR=ATF of the brain sompletely
¢oincides with the contrels=~~the curve has a single maximum
in the region of 20«40 and falls uniformly on both sides,

In contrast to this, in the eighth to 1llth generations of
"nypoxio" rats the curve of statistical distribution of the
raluez of RSR-ATP 13 very much different from the oontroles
the first maximum in the region of 20«40 is reduced, and a
Second maximum i8 dimtinctly seen in the 60-830 region.
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Fige 24 Curves of Statistical
Distribution of the Values of
RSR~ATP of Brains of Control
and "Hypoxid'" Rats. a==Con=
trol Rats; b==All the '"Hyw=
poxic' Rats Investigated; GC==
First and Second Generations
of "Hypoxiec'! Rats; d~-Eighth=
1lth Generatigns of "Hypoxic'
Rats, 1, RSRM of ATP Tthe
Supersoript M Means in the
Brain; the Supersoript K Means
in the Blood]; 2, Eighth=llth
Generations; 3, Hypoxia; 4,
First and Second Generations;
5., All Generations; 6. Control,
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Fige 3+ Curves of Statistical
Distribution of the Values of
RSR=1IF of the Brains of Control
and 'Hypoxic!" Rats. a==Con=
trol Rats; be=All the "Hy=
poxic" Rats Investigated; c=-
First . and Second Generations

renoyes

P

of "Hypoxic!" Rats; d=«Bighthe

11th Generations of 'Hypoxic!
Rats., _Bxplanations in Text,
1. RSRS~IP ‘[This is in error,
the Supersoript should be M]{
2., Eighth~llth Generations;
3. Hypoxia; 4. Pirst and
Second Generations; 5, All
Gsnerations; 6. Control.

We see that the change in the rate of oxidative
phosphorylation in the brains of “"hypoxic' rats is observed
only in the later generations, eighth-llth in our experiments,
and is absent from rats whioh have rascently been placed in a
hypoxic medium. The reaction to hypoxia on the part of oell
metabolism is elaborated slowly, only over a number of gen=
crations of animals living under conditions of oxygen de=

ficiency.

In Fig. 3 ocurves showing the statistical distribue-
tion of the values of RSR=IP of the hrain are presented char=
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acterizing the rate of penotiration of PB& through the hemato=
encephalic barrier. The entire range of variations in the
values of R3R~IP of brain bas been divided into dirferent
groups:  0.2«1.0;. 3.0-1.8; 1.3-2,6; nhigoer than 2.6

Control rats (curve a) are distributed accerding to
a single=-peak curve with a maximum in the reglon of RAR=IP
values of 0.2=1.0, ’
' Curve b, which depicts the statistical distribution
of values of R3R~IP of the brains of a1l the acclimatized
rats investigated shows a distinect double-peak character and
a very auch spread=~out form. Again, now with regard to the
zarrier functiow of the brain, the inhomogeneity of the ex-
perimental material was expressed. Fifty pericent of the in-
dividuals studied showed a very high rate of psnetration of
F3% I'rom the blood s=treu. into the brain {the soecond maximumn
in curve bj. At the same tilme, fifty percent of the investi-
gated individuals maintained the normal penetration rate of
£3% from the blood into the brain characteristic of the con-
trol rats (the first maximum in curve L), :

Anaiysls shows fthat all the changes in the condition
of poermeability of the hematoencephalic barrier with regard
tor P, come about in the first and second gonerations. of :
"nypoxie” rats. The curve of statistical distribution of the
valuos of R3A-LP of the brains of those gencrations {(Fig. 3,¢)
has two maxima, shifted to the right compared with the cone
trol, The {irst, lowver maximum csccurs in the rogloen of 1.0«
1.8; the second, the main maximum, comes about in the region
ol figuros above 2.6. Lhe shift in the direction of an in-
crease in the rate of 7 penetration through the hematos-
ericephalic barrier is unusually distinct.

“in the eighth~ilth generations of "hypexig! rats
L7l 2,d) the statistical distribution of the figures for
RafR=L¢ of the Lirain returns to the control level. Curve d
has a single pealk, has a maximum in the region of 0.2«1.0 and
drops o 0 in the same reg;gn in Whieh the controdl curve
ialls to D, Tho rate of P4~ poenetration through the hemato-
cncoepnalic parrier 1% normalized in those geénerations-in
which o reaction has already boen eluaborated o hiypoxia by
celi wetavellsm, .

. As the rvesult of such an analysis by means of statis=-
Cicas distribution curves of the values of RoOR-ATE of the
brain and the values of RIR«IP of the brain it was made clear
that in the early generations of rats exposed to the effect
of a nypoexic medium (the first and second generations ina our
sxperimonts) there 13 no reaction to hypaxia on the part of
Aomglaleliisin and thesrs is a wmasbod invreuase in Lhe rave of
penctration throusgh the hematoencephalic barxier. later
generations of rats, expesed to the effect of oxygen delin

clency, the eighth through the 1llth generations, show a re=
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encephallic barrier, observed during the first period of aow
olimantizatlion, i8 of biologilc value, A pogitive resuli in
the series of experiments undertaken would make it possible
o asongidayr the increszed permeahility of the hematerencephnrls
ie barrier im the first period of acclimatization an mctive
adaptive reaction to hypoxia. _

In the literature it has been firmly estnblished
that the normel accomplighment of the barrier funcitien in the
hraln is maintained by the energy of oxidative metaboliasm.
Auy more or lees marked disturbance of lit--anaercbilosis,
hypaoxia, disorder of cytochronie gzidase, restriotion of the
supply of substrates-~hypoglycomiam<sll those effects asrc ac=
companied by an increase in the permeaklility of the hematoe
enoephalic barrler te vital dyes, te P32 and other substances
éng?irgi, 1952: Hesa, 19385; B&kay, 19571 Verzhbinskaya, 19357,

958},
In & munber of expeériments contrel and "hypoxic" rats

were injeoted with substances which lnerease the pervmesbilivy

of the hematocencephalis barrier to P32 in the same doses:
pitulitrin (0.1 oo intraperitoneally), histamine (0.5 millie
gram intravenously) and, finally, silmply &4 large volume of
hypotonic saline sclution (5 cc uf a 0,2 percent Na(l solu~
tion intraperitoneally). ALl these agents produced a conside=

~erable dinorease, by two or three times, in the RIR=IP of the
,brgin, whieh signifies an inoreased rate of penetretion of

P4 through the barcier (Table 2). In all sxperiments of

-thls series a considsrable, 50 percent, reduction was observe

ed in the rate of oxidative phosphorylation in the brain (see
Tables 1l and 2.

Pecavse of the inadequacy of our knowledge about the
pnysiolog%gal mecChaniam of penetraLAQn of substances, paxrti«
cularly £7%, through the barrier between the bhleod and the
brain, it is impouasible tc put €trust in the fatt that there
is a reduction in the rate of oxidative phospherylation
utider these cenditions. There Ls reason to believe that this
is only an apperent phenomencn. In connection with the probw-
igm being analyzed, it is important to note only that the
initial dnerease in the permeabllity of the hematoencephalie
barrier 13 not asscciated with an increased rate of oxidgtive
rhosphorylation, permeabllity ohangas of the barrier prebably
coour seeondarily, as the result of changes in the vate of
oxidative metabolism. This gives ug the right t¢ express the
idea that the inoreased rate of penetratiocn of F32 through
the hematoencephalic bLiasrier, chserved during the first periaed
of acolimatization of rats to hypoxia. should be vonsiderad an

A o o e o P A P
indication of o coriain degree of intoiipletenaess ol the bay-

rier funotlon coourring as the result of a deficiency of the
eneryy of oxidative metabollsm of the brain during this period,



Table 2

Average Figures Charagterizing the Metabollc Rate of labiile
P of ATP in the Brains of Rets ihiohk Have Been 3ubjsoted ta
Additional Influenoces
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[Continued on next page)
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[Table 2, continued from previous page ]

1o Expusure Time, 53 Minubves; 2, Fraction; I+ Microcurises
of P per Gram of Brain; N. SR of One Microgram of PK Pulses
per Minute, Mim; &, RSAM~<ATP Percent, Mim R3RMaw]p
fercont, Mim; 7. Notes; 8, Control: 9. ATP* IP, P of
Blood; 10, Hypoxia; 1l1l. Control; 12, Exposure Time 15
Minutes; 13, Pituitrin, 0.1 oc¢ por Rat Intraperitoneally;
1%, Same; 13, Hydration: 5.0 coc of 0.2 Percent NaCl per
Rot Intraperitoncally; 106+ Histamine, 0.5 Milligram per
Rat into the Coudal Veina

Counclusions

The process of acclimatization of mammals to an oOXy~

gen defliciency takes place over a long time, over a number
of generations of animals.,

In the first poriod of acclimatization, which, ac=-
cording to the data of this work, lasted at least for the -
lifetimes of two generations of rats, the survival of the
animals under conditions of oxygen deficiency is assured by
the mebilization of different physiologlical reserves of the
bodys All the reactions of the organism observed during
this period are directed at maintenance of & normal oxida-
tion in the brain, the organ which depends most on the dner=-
gy of oxldative metabolism. UJuring this perlod the condi-
tion of the organism cannot be called goods It is at the
houndary of irreversible changes. bMaintenance of the normal
oxidation level in the brain and in other vital organs is
achioved by an increased consumption of oxidative energy by
the body as a whole during this perlod. A vicious cycle is
created, capable of leading to a disorder of the energy meta=
bolism of the body. '

The inecreased permeability of the hematoencephalic
barrier and the abscnce of a reaction to hypoxia on the part
or the c¢oll metabolism in the brain can servo as one of the
indications of the unfavorable, unbalanced condition of the
nodv during the [irst period of aceclimatization,

The period when the tissue reaction to hypoxia
appenrs and the perwoability of the hematoencephalic barrioer
returns to normal should be called tho'”second period of acw

“climatization,’ the period of truce acclimatization. Through
tlie matcrlal of the prosont work tuis perloed was foand hee

shandng with tha elghth generatisn of rats living in o

hypoch aod i uy this period the capacity of more officie
cat ond oconomlcal utilization of the onergy of oxidative
mebtabolism 1s elaborated. The lncreased rate of oxidativoe
phodphorylation in the braln tissues probably occurs because
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of a greater conjugatlon of oxidatlon with phosphorylation.
The inecreased officlency of oxidative metabolism contributes
to the normalizatlion of the barrier functign of the brain.

The results of tho present lnvestlgation wWere obLe
tained through a study of the oxlidative phosphorylation in
the brains of intact, unilnjured animals existing normally
and capable of multiplicatlon. There were no disorders
introduced by the in vitro experiment, no destruction of the
tissue structure, no disorder of nervous or humoral regula=
tion, etc. This increases the reliability of tiue results
ontained. : ' '

Finally, it seems important to us to note that
under experimental conditions ‘throughout the lives of 11
gonerations of higher vertebrates a cumulative effect was
found from generation to generation, that is, a hereditarily
reinforced alffect of an altered environment on the condition
of the most important process of the energy balance~-the
process of oxidative thSphorylation in the brain tissuea.
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