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INTROOUCTION

The physiolegic slicrations which occur during altle
tude exposure have been the suvject of intense invastigt-
tion for nsarly a cuutmry. Though the gross, recdlly
cbserved changes have bscn studled repesstoedly, little is

in

f

mown of the besale physlologle mechanlsms involve
adaptation to hypoxla or high altituds,
Prom these studies, which will be dsscrived more

fully in another ssction of this paper, there havedevel-
oped two major concepte of the nuture of this alaptation
to altitude; the concept of cellular response to hypoxis
and the "extra-cellulir adaptution” or adeptive responses
leedling to clbteration of the cellular environment such
&8 respiratory elterstions, blood changes and cariiovas-
cui&r chunges,

Meny changes sre here included in ths cwtspory of
gxtra~-cellular response to hypoxia, Of immsdliete inter-
est, sre the changes in the blood of the individual adap-
ting to hypoxia, The mechunism responsible for the in-
crerae in hematocrlt, hewoglobin ond rsd cell count is
poorly unlerstood end for luck of evidence, it has beun

conaldered thuet hypoxis aocting direetly on Lone aorrow

Py

ig responsibles for the chunge (1),

{4

Hegently Gront (2) reported certein observations
which indleste erythropoletic stimulution without bone

marrow hypoxia, He observed o rise in the red cell



count , hematocerit and oxysen cupacity in the blood of
nursing infunte of hypoxic mothers (rats und mice).

From thls, he postulated a compound or horsons in the

i

mothers' milk capable of inducing hewopolesis in the
normal offspring, From ihis oLuervetlon sany imporbtant
maestions aprs ralsed, If this compound wors hemopoioti-~

"

elly setive, would it not «lao be possible thet other
alterationa known to occur ln altltule adeptution migh%
be proiuced and studled 1n & similer coxperimontal
situction?

It wes decidsd that this observation by Gront (2)

-

of the

b

could serve a uscful purpose in the Investlgutio

ajaptation vo hypoxis and the possible role ol hormonsl

atimull in altitude acclimatizatlion.

-4 . ’ & 4
In mukine use of Grent's (27 observations snd oxe

perimentel dssign for the study of adaptation to hypoxia,
it wes first necessary to assume thet his coservalions
were valid snd reprolucible, The dsulgn of the experie

mentes carried out in this program reculired Lhat the

voll 14ty of Grent's () observetions eml the possiole
gfleet of the postuletad bhumorsl agent could Do ¢3lube
1ished &t the sume time, Therefore, standard tests of
hypozla tolorunce were used Lo letersins the zross res-
ponse of the infants to hypoxia snl detailed studies were
carried out Lo deteruine 1f wapy changes occurred in Lhe
blosd which differed from the normel chongos asgoclated

R s el R ] B i oo A o B
with prowhkh and develoomand,
&



. 3 ‘
It wes declded that the scute hypoxisa tolerance of
the offepring of hypoxle ani normel methers would be
used Lo evaluate the posalible %r&mﬁfer@ﬁ@a of hypoxiae
resistance, Hematocrit und hemoglobine were followe
during th; gxperimental procedure, Barker {3 has
shown bigh oxygen «ffinity hemoglobin in ths vlool of
animals expossd to hypoxie and the quustion of & Jif-
feront type homoglobin accvrfing in wltituds acclimge
tization hes bDeon reised, Thus, 1t was declled to
evaluste the Lypo of homoglouing present in mother and

of faprdng,



REVIRY OF THL LIT SATURE

] Adeptation to altitude hypoxla hus besn umder ine
vestigatlion alnce the surly 19th century. Seul Bert (4)
in his observelions an‘%&eratris pressure meds the

garliost description of the procoess of adapbation, He

[wﬂb

B
nans .,

oned in hie treatise "the respite frow wountain

=

sickness geined by elimbers after & stay ot altituds,”
He 2lso rsecognizeld the neCsssity of oxygen in high &ltle-
tude ascent,

It has become apparent that the 1limit of full adaps
tation to altitude is nt an altitule of 17,500 fset for
porasnent residences ( B2387, 20,381 ax Hgl. ﬁaﬁivaa of
“the Aucanquilcha mining district in Chile, dJouth Americe
reside et 17,500 fect and ascend to 18,800 fset to work.
Permanent residence above 17,500 fest guickly induces
31 gne und symptoms of mountain slcbﬂk as (5 }

The latency of the variocus responses to &ldituds
renge over & period of & few hours to six sonths to one
year, Within the Pirst twenty four hours after arrival
at altitules wbove 10,000 foet, detsctuble changes in

ventilation, curdlac output and heart rats appedr, AS80-

cloted with the lnercased ventilation are a reduction in
#0600 end an increase in arterlal pil {respiratory alkulo-

s1s) (6:748)

During the next few wesks at altituds there ie an

increase in red cell count, hemoglobin and hematocrlt,
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inoyreused bLlood viscosity, rsduction of the total alkall
reserve, curilsc hypertrophy, snd further slteration in
blood pH, These ure conaidered tv be the compsnsatory
responsas inlucsd by the sariier repld presponscs (l*é’ﬁ’.

The resnonsses ravuifinv six wonthe to a ;a@r have
been stuiled oaly recemtly, and inelude, return t0 2 nor-
mel blood pH, normsl totul alkall resaerve, increascil
standard work capaclity, low oxygen debt after exercise
and low biood levels of lactle and pyruvic sclds during
work, Im additlon, the oxygen dissociation curve is
shifted to the pright, indicating thet there is loss af-
finlty Tor oxygen then hemoglooin of the norssl sea
lovel iniivilual, These responses may bs due to cellulaer
siaptation (10},

In rapid sscent to high altitude the prisery com-
pensatory response is coneider:d to be the incrsuss in
pulmonsry ventilation, Thers 1s un sbrupt incresse at
12,000 oot end ventilation continuss ﬁo increvge with
increasing sltituds (7). This hyperpnoa is considsrod
to 0w a result of the bhypoxie stimulstion of the soritie
and carotld Lo lles {11). The buneficial effsct of hypere
ventlilatlon lepenis on the ofective slevation af Alvoow
lur PG, ond alse the reduction of nivewlar and arterial
P00z,  Tho latter chenge ensbles the urtari%l olood to
obtain & higher oxygen saturation by Ul?uud of the Bohr
effect (8) Carcon dloxides outputl is merkelly incressesd

during the initiel phase of altitude hyperpnes, th&m
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decrenses slowly wntil the new steady stste is resched (7,8),
The loss of CO2 i1s accompanied oy ean increoase in pH of the
body flulds, which is later compeonestod by excrestion of
cation, ani thse conssquent reluction in alkall rossrve,
Riley, Otis and Houston {7} nave stated that acclimati-
zatlion to altiﬁuﬂ@-is an adaptation Lo & low £0p and a
low PCO2,

Of the alterations which osccur in blood at altitude,
Viault 1s given c¢redit for the Initial observation of an
increase in red cell count (32),  Bince Viault; pumerous
other invvsﬁigaﬁars”h@vu confirmed repeatodly that poly~
cythamla occurs at altituile, However, whether it is a
necessary couponent of adaeptation or not is still dedvatad,
There are muny healthy indlvidusls acclimatizsd to alti-
tule who have mé more hemoglobin than would be expectsd
at ses level (3), It has bsen stuted that polycythemisa
ig not cssential in the process of acclimetization {ﬁ).
Altland and Highaan (13) have shown that rats exposed
to altitvde adagt 1o thelr environment without develop-
ing polyoythumisa whan folic acid antopgonists ar. aimine
istersd in order to iphiudt rsi cell meturation in the
Smm@ DELTOW,
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sraon lozes his tolerance to hypoxla, develops & tre-
senious polyeybhemie (9 million HBC/cmn), and still is

obliged Lo wove Lo lower eitituldes, This occurs after

years of resldonce at high sltitude (17,000 foet) and
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mey indlcate cellulsir aging as & mechenlsm in the disease,

When polysythemla occurs without beneflit to the patient,
3t mey be aprgued thot pelycythemls is not a significant
feature of adaptation to hypoxla,

The electrolyte shift occurring during acute ex-

posure to altitude hee bewn well documsnted, lHOwWeVer,
o { 1 % & o & . E . - ey | - ) ” i
Hurtado (10&) pag collected evidence indicoting thet the

@la@ir@iy%@ a%lnne@ after initiasl sdaptation is not di-
rectly comparable to that of natives or psroanent ronle
dents in the saus envirénmant. It has been demonstroted
that for weeks after arrival at altitude, the newcomer
is in & coniition of alkslosis, This 1s slowly com-
senseted by excretion of gation and reduction in alkell
ﬁwéﬁrva {53951Q@3. Except for alterasilon in chilorlde
and bicaroonste concentration, the btotel electirolyts bal-
anoe of natives a2t altitude 1s simlilar to that occurring
at sea level, The bloarvonate bulfer system [%“33;<]
:’ :
The
pH of ths blood is within thse 1im&&é of the renge accepbw
e¢d a3 normal (LQ}.
it has begome increasingly spparsnt thet an adequate
explanation of altitule acclimatization must be derived
from study of sellular or hormonal responsses to hypoxia.
Workers in the fleld of hypoxic adaptation heve Just bo-
gun $o0 present svidence in the lust five to tsn yosrs
concerning cellular activity and enzyme systens which be-

coms sltered durding the stress of hypoxis,



&
H.T. Glark, dr. (1%} .found, in‘a stuldy of iron deficient
pats at altitude, an incresse in the efficlency of oxy-
gen utilization by observetlon of the succinoxidage end
dehydrogenase systems, He also dlscoversd during this
study that survival at sltitude wes indepondent of hamo-
‘wlouin conceniration. H,G. Albaun (13) has resortod that
no slteration of cytochnrome oxldase in ret breln occurs |
during or after acclimatizetion to altituie,

Hurtalio gla}'pr@sants indirect evidepnce that alape
tation occurs uf the celluler level, In his study of
residents at sea level (Lims, Peru) anl at altitpde
{ Morococha, Peru, l&,QQQ feet ), the observations rapertﬂﬁ
show meximael work tolerance at sltltude was m;irly twice
as grw&ﬁ as thet at ssa level., Further differsnces asso-
cictbed with the superior @erfarman@a'@f an acclimatiged
native ut altitude were high@f vantilation,; lower oxygen
gonsuaption, &nd & lower total oxygen lebt with a sliowsr
pay off of the isbt; when coupérsd to hls countorpert at
ssn level. Hurtedo (10 caleulated the acelimatized
man's net galp in efficiency =t 11.56 over man adapted
to ﬁéa level éoniitianﬁ,

In the stuldy of intset ani adrehalectonlized pare-
biaﬁié r&ﬁs, Hoslscher (16) has reportsd & polycythemia
oceurring in both animals when the intsct partner wuse
exposed 40 nyooxds, Unfortunutely, exposure of the adre-
nalectomized partner was not included In the experimental
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C. Fo derino ‘17J nas presonted svilonce indicating
the presence of w plusma erythropoicsilc factor In the
serum ol altitule acelimablized man, The Injection of
300 se of plusss from acclimatized iniivi luals into nor-

X

il sea level alaptsl man resulied in o 1125 increuss in
retionlocytos In ths periphsral vlood, Iajectisn of
plesme from men adapted to sow level into normul men ro-
sulted In &« 34 inereess 1n reticulocytes,

- Gront (= in reporting an incresss in rel cell count,
hematoerit and oxygsn capacity in the blood of %nflnta
nursing hypoxic wothers, has sddsd evidunce &uﬁvd&t&ng
some humoral factor in epythopoletic etimulation, The
howatocerits of his control animnls rangel from 54 at
the bogloning of the stuly, droppsd to 200 sni returnsd
to 200 4ot the completion of . the study when Inilvidusl
animals showel no mespuraule diffsrsnce, The test litters
sgan with 4 hewmatocrit of about 314, fell o 265 enl re-
turncl to 204 hemstoorits during the ezperimental period,
The red cell count of the control animals dropoed from |
3.8 million to 5 million snd finally rose to 4,2 aillign
aa¢/emm, The test lliters remsinsd above 4.1 million
RBC//dn throughout the experimentsal procedurs. Thoe oxye
gen capaciby Of bLne contyol bdlovds rem:ined at 10 vole
umos per ¢ent throughout most of thoe sxperiment, out
finally rose to 1l volumes por cont, The capacity of ths
tent 1ilter nloods rose from 1. volumes ner cent to 17,5

Folumes per cent snl fell to 11-11.5 volumes per cent at

-
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the termination of the uxgarimgntalygfuca&ur@. The papor
presented & grachic deserijgtion of the results of ths test
witnout data, mesns or variences which could pe coumparsd,

The study of hypoxie tolersnce in senimels requires
an observable sign upon vhich & relisble estizute of ziap-
totion to hypoxie can be fixed, An sdeguate snd relisble
tet 1s the tims reoculred for an animel to loose itas
righting reflex {(the abllity to regsin its Tooting) at
& glven beyQumelrice prassure, )

He de Frogley (18) ytiiszed sn inelined plens in a
docomprsssion chamber and clevated the snlmal to 79,000
Teot, The time from escent until the wnisal rolled down
the inclined plane 1s consiicred Lhe "no righting time"
Buring 14 daily exposures to altitude, the enlmels in
Fregley's (18} spuay, tripled thelr "no righting tims",
Ihis wes an indication thet adaptetion cecurrsd oven
during short term expesurs, Thus, tolerance proculures
performed évum once upon an animel may cwgse sose altors-
tlon of toulersnce,

Jo. Ne Barker (3} was especially loterested in Ligh
affinity hemoglobin® and its sssociution with hypoxia
tolerunce, J3he has presented evilence which shows &
consistent positive correlation belween the presence of

&

algh aifinlty hemoglobip wnd hypozis tolerwnce, Infénts

g “LWh &f{finity hemoglobin: The affinity hus been dee
fined a8 thot partial sressure of oxygen b walich 50. of
the hanoglobin is aaturated viuh od;;aﬁ or the § sat-
uation value,

L
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sxpessd to hypoxie retsined high effinity hemoplobin and
volerence during exposure oni disappourance of the
two ran & parallel time course, In ths study of the

»

hemoglobin affinity, high affinity wes found in 81l casaes

of exposure to altitule, ithough thore was runge of af-

finitles runging fros the control values of 32 mm Hg £Op
‘o 25 ma POy for § saturstion valucs, The affinities wore
deternined at pil 6,80 to avold the Bohr sflect on honoglo=

ein affinity, Barker (3) declded thet Lhere was &

o]

factor in determination of hypoxis tolersencs in the zode
1fication of affinity of hamoglobin for oxygen or nodifi-
cation of hemoglobin type., Since Barcroft's (9) » eport

of bigh affinity hemoglobin occurring in sltltule sceli-
matizetlon and later, his report of high sfTinity homoe
globin in fetal blood {which leed Lo his clesale titie
Zverest in Utero") the presence of high affinity henogloe
bDin has been studled freguently.

Hall (197 was unenls to detset any civnge in affinity
in th¢ homoglobine of the blools of the members of an ex-
padition to altitud@, He also meds nis deberminsilons
&t & constunt pH, Dill (5) reports Lhot in Colorado, his
observulions inllcated a decrcuase in oxyge wffinity,

(10 %3 . " ‘
(10) results in lorococha, Poru,

This egrees with Hurtedo's
whers two hunired blood samples were anulyzel, The Oz
dissoclation curves hal a | saturation velus at a PU. of

27¢7 mu Nige At ses level the § saturation value was

24,15 wo lig POp in the blood semples of sea lovel adapted
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men, The differsnce was statistically significent, It
must oe remembered thet with the exception af.thj new
born and the Morgoochs stuly, most stulles have been
periormad as short tora experimental a;tuaﬁieﬁg spl the
results may not be couparable,

In Barksr's (3) atudy of hypoxia trested infants,
it =ight be possible that the pressnce of fotul type
bigh «ffinity hemsglobdn is prolonged by Lhe hjgaxﬁe'

gt iuulus,



MRTHODOLOGY

Phe premise for the experiments o bo deseribed stow
from Grent's (2) opcervations concerning the changes ob=-
gerved in ihe blood of infent rats ond mice nurasd by
sothors expossd to hypoxzis. Accordingly, newly deliverad
1itters snl the parent fomales constituted ths sxpsrinens
tal population, The wothers were expossd interaittently
td 8 simuloted altitude in an altitule chamber of similar
design 1o thet used by M, J. Fregley (18J), The influcnmes
of hypoxia was followed up td a periol of 49 days aftor
birth. Ths chunges in infent hematourit, asmoglovin,
acute hypoxia tolerance sni alkall reslstance of Lhe howo-
glovin wore [ollowed, Normal changses sssoclsted with 1n-
font meburciion end growth wers obsorveld in & control
croup, The specific tests will o¢ discussed in the fol-
lowing scctlion,

Thé exposure of the nursing wothers Lo hypoxiz wue
pegun four or [lve doys postpartum, They were exposs
four hours 4aily to & »#Op renging from 65 to E5 mam Hg,
untll the infonts stopoed nursing., The zothers were
tested for hypoxda tolerince ond thelr olood sxaninsd for
slterctions in nenoglobin, hematoorit snd alkell roeis-
tunce, The infants wore tested at intervels for thelr
acute hypoxls tolerence ondi chengss in henoslobin, heng-

toerit and alkall resist ot hemogloosin,
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Production of Hypoxia
The ch&mb&w was constructed to prolucs hypoxis withe

out alﬁﬁﬁﬁtian in berometric pressure, A 2' x 2' x 4
plywood box was builﬁ with & r@§ovab1& ﬂéor. A shelf
for anlmal cages was positionsd thres inchsa above the
floor of the chamber, The chamber below this shelf
housed trays for barelyme $0; absorbers, & ventilating
f&ﬁ and shaft connected to the main chamber, and the
entrancs gas port, The exlt ges port wes located in the
uppsr chamber and anﬁere& by & lengbth of rubber tubing.
The rdduatian in oxygen conceniration was accomplished
by flﬁshin@ the sealed chauber with nitrogen, Ths POy
in the effluent gas was continuously analyzed in &
Beckmon Oxygen Analyzer, When the portial pressure of
oxygen reuched the renge 65-05 mm Hg, Lhe nitrogen was
turaned off snd compresged alr wes introduced at ¢ flow
of 1.2 to 1.5 liters per minute, Carbon aioxlda was
messured interzittontly with a ﬁambriigﬂ C0p Meter,
When 3&02 v&luea‘roﬁa above L%, trays of new baralyme
were gl@@@d in the chamber. The nursing mothers wers
placed inszlde the chamber in animal cuges and exposure
for four hours unierteken, Anlmal cages wore usod prie-
marily to ksop the animels qulet auring exposure, 'When
the infants no longer apoesred to be mursing, oxposures

ware discontinued,
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Treatment of Adull hebbits
Within the week following the last sxposure to hy-
poxie, the adult animale were expossd to decreasing
oxygen concentration until loss of righting rsflexes
oceurrad, Blood wes obtelned by carlice puncture, Hema-

toorits, hemoglobins cni alkell densturctions were Jdons.

’
Treatuent af Infaht Rebblts

The infant rabblts were exposed to acule hypoxie,
to test righting reflexes, in & decompression chambey
adapted from e desslcator jar, Alkall denzturation, hema-
toerit, end hesoglobin, detépminationa were done on blood

sumélaa from the infants,

Tm&tmént of &dult HRatbs

The adult rets were ¢xposed to decompression to dew

Adult rabs were decompressed to B 7200 ws Hg ond ex-
sed for ihir@y zinutes to ocuch 10 mm Hg decroment to
BT 140 s Hg, or until all animels were Jdeed, Animals
wers counted (living =nd dead) at cach changs in baro=-
metrle pressure, to determine the prossurce at which HUs
of the spimals were deud, Blood was obtained from living
adulte, by curdisc pumcture, or by cutiing off the tip
ef the tell, Hematocrits ond hsmoglobins wers detore

mined.,
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Treatwent of Infent Rats

Infont rats were decompressed in the dessicsator
ted for decompression, to deteralne thelr righting
reflex chonges occurring with scute exposurs Lo hypoxia,
Hemstoorit sand hemoglobin deteradnations were 4done on
plood from infants renging from 17-49 days of age, The
infents were exposed to Jecompression, staying et e2eh
10 mm Hg decresent for 30 minutes to Jdeleralne the prea-

sura at which 506 of uhu apimals were dead,

Procediures

A desslicator was comnccted In series with a vacuua

pump and a barometer. A regulstor neclle valve was

pleced in the rubber stopper at the top of the dessi-
eator, The animel was pleced in the desslicator and

rapldly decomoressed to a barometric pressure of 250 mm lig.
The joar was tilted on its side snd rolled while the presw
sure was roduced at 10 ma Hg decrements svery three alne

N

utes, The pressure at which the snlmel was no longer
apable of regeining its footing wes considered the crite-

icel pressure and recordsd, POz was ssloulsted from the

i o o e i ok e A - O, Ry [, S ngn B um g k1 P £
DhBerved Dressura, ¥auple; The animal lost its right-
ing refl t B - 147 =m Hg.

Then POp= (B - PHOH) (.209)
202 = (147 - 47) (.209)

P02 = 20,9
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Hemoglobin Deternminations

For simplicity, Hellmeyer's (2C) alkeline hsmoglabin
method wos chosen [or hemog L@aln deteradnations, Blood
wes drewn by cardiasc guncturs, A G,10 ml, sample was
pvipotted inbe 9,90 ml, of O, 4% Mi40H, The optical den-
gity of the solutions at 480 mu wes recorded, uslng e
Beckman S3Spectrophotomster, dodel B.

A& graphic ralatiaﬁahip of the optical denalty of the
alkaline hemoglobin versus groms of hemogloblin had pre-
viously been constructed {(Fig.,4 )., The Hellmeye (20)

athod wes compuared against the grams of hesoglobin in
a blood semple, &s deteruined by the method of Wong (21
ublilizing o stendzrd iron solution &t 480 wu, In
figure 4, ths optleal lensity of & sempls of alkeline

hemoglobin was then directly converted to graas of hemo-

Hematoorits
The hewatoorits were done by & eaplliary tube aicro-

hemastocrit techniqus adapted from the descriptlion by
{2

3‘5‘\
o

Helnroy ) ‘Tﬁin walled, threc ineh long Q.S e

I.D, capillury tubes were heparinized and dried, The
blood sampls obteined by cardive punclture wes discharged
into & hepsrinized tube and genily shoken to insure ade=-
guete mixing., The caplllary tube was introduced into

the blood sample and allowed to Lill by cepllliary
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attraction to a helght of 1 cm, from the aiaan end, The
cléan tip was then fired, scaled and flattensd, The
tubes were centrifuged et 2000 g for thirty minutes,

The error when compered to Wintrobe hematocrit tube de-

torminations was within *1% of the Wintrobe hematoerit.

glkﬁli Denaturation ,

Ihe r@mainlng blood was cemtrifuged, The rsd cells
wers ﬁ&aﬁad with seline three times and heﬁelyzadﬁ The
solution was centrifuged, the clear 1&yar removed with
a clean noedle and syringe and adjusted to & 105 + 13
hemogloblin solution. For ease, simplicity, and sensi-
tivity the %imed elkaline densturation mathoé‘afv
Singer et. al, (23) was employsd,

In using Singer's (23) usethod, a densturstion cons=
tant muat be obtained, The ¢ denaturation time is de
fined 8s the time required for 50: of the initisl concen-
tation of hemoglobln to be denstured. The 4 densturation
time is also apceiéa specific (24), 1t must be determined
vy following the continuous alkaline denaturation of the
hemoglobin of Lhe species in guestlon, until the curve
resches & base line aaymytotia minimal optical density
on the agasarophatém&zaf;
| Required for the determination is a golution of
N/12 KOH or NaOH, pH 12,7, elther freshly prepered, or

stored in refrigerated peraliin lined bottles, &
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precipitating reagent is prepered by adiing to 800 ml,
of 50° satursted (NHy4)-304 a 2 ml, portlon of 10 ¥ HGl,
This is used to remove &n:éﬁ@g@na from the solutlion,

To 1,6 ml. of N/12 XOH is added 0,10 ml, of 105
hamoglobin. A stop wateh 1s staried, the tube shaken
gently for 10 seconds, anl a."enig 15 minutss later,

Je¥ ml, of preecipitaeting reagent is added, The tube is
shakksn 8ix times and filteres *h?u & double layer of
filter paper, The optieal 4 zciaj t 540 mm ie obtained
from the spsctrophotom ter anl resorded, A blank is
prepored using 1.6 wl, K/12 KOH end 3.4 ml, of precipi-
taﬁing reagent, The opticel density of the totel hemoe
%1091ﬁ ares wﬁt ig d@tarﬂinﬁd by adding 9,10 ml, of the
10w %emuxiﬁbim solution to 5 ml., of dlstilled water,
The percent resiaﬁumt hemoglol i present 1s then cale

culeted and extrapolatad

S e o s
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RESULTS

Acute Hypo: iﬁ Tolerance @5 Infent Rabblts

Plpure 1 18 the arzmhi& representation of thﬁ:fﬁg
&t whish loass of righting reflexes occcurrsd during acute
hypoxie of the test litters at differept ages. It cen

a wlide veristion in responss bee

G}
:x:s

Ba sean that ther
tween 1littcors, as well 88 in the same 1itter at 4ifferent
apes {%a%le’lﬁ.

"“i

of righting reflexes occurred during scule hypoxic expo-
gsurs of control litlers at differenmt ages, It ié reedily
epparent thet there 1s a wilde range of varistion in the
response of a lltter as maturation occcurs, The response
of ths separaitc lltters 4= mlﬂ@ widely dispersed (table 2),.
Flgure 3 is a eempaxit@ graph, comparing FOs et loss
of righting reflexes ani age,; of both tﬁa control and
test rachli iitﬁara. By lnmapection of the sxtrsane vari-
ation of the test ¢nd comtrol litters, it can he ssan
that a desonstration of a differcnce betwoen tost and
control aniucls connot be made,
The desslcator sir flow during decompressio w&s
eonsldersd Lo bz alenusts to avold the possibility of
the animal rebreatbhing his own respiratory guses with
the concomitant incresse in PUOo and decrsass in
Table 3 lists the calculated sir flow ot various re=

ductlona in baromstric preusurs,



igure 1 {above)

acute hypoxia tolerance of infants
of hypoxic ?%hbitﬁ. The FOz at which
loas of righting reflexes occurred in
the infants of h;;umi@ sothers from 7-
49 days of 85%e Indlvidual litters are
“@lefx ed to uj the letters A, 2, nunere

ala % and 5., HKumeral 1, first group:

numeral 3, sscond 5;Ju;; verticsl lines,
95% confidence limits of the means,

Plgure 2 (below)

Acute hypoxia Lolerunce of control
infont rebblits, The POz at which loss
f righting reflexes occcurred in the
rgntrol Lib‘gc;ﬁ'm as the =53 watured é‘?"‘”'{tr
deys of age), BHNumeral 1, first group
outrol; numcral 2, ;ugani group control}
vertical lines, the 955 confilence limits
of {he wmeans,

oo w

£"‘!
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Plgure 3 (above)

The composite of the acute hypoxisa
teleronce of control znd test infant rab-
pits {age T-49 days)., The PO2 st which
loss of righting reflex occurred. Letter
AB, Tirst group control; letters A and 3,
test lltters, Numeral 1, sscond group
control; numerals 4 anl 5, test litters,
Control animals x dashed lines., Test
enimals « 80lid lines., Vertical lines,
35+ confidence limits of the mean,

Pigure 4 (below)

Optical density of the Hellmeyer.
alkaline hemoglobin versus grems heuno=-
>1mki WYY e, oot ot ms il b 4 by Tl ene oo
globin/l00 cc, as determined by the Wong

Standerd Iron Method,
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Figure % is the reprssentetlion of the chesnge in
hemoglobin end hemstoorit of the test and control litters
from seven to forty-nine days of age., Tho ililustution
clearly ahmw% the Wlmvfw don normslly assoclatsd with the
physiologlc snemia of the neonetal parlod, Xo othsr &le
teration, which could be ascribsd to the test procedure,

g dsmonstrated in this Cigure (tuble 4},

Adultl Rabbits i

Table 5 represents the acute hypoxia tolsrince of
the adult animels, control end hypoxie exposed, The
alult rubbits wars exposed to acute hypoxla by reduction
in oxygen concentretion in & lucite chamber, Thelr size
interfeorsd with the use of the decompression chamber,
The responss of the rabblis who had boen exposcd to hy-
poxie wos dremstically different from the response of
the reboits who had never been exposed. 7The throes cone
trol animels lost consciousnsss within thrse minutes
after arrivel at & POz of 32-30 mm Hg on the scale of the
Beckman Oxypren Anslyzer., The f@uw sdults who had been
gxposed Lo hypoxie abt 65-85 mnm Hg 202 were avle to malne
tain thelir equilibrium ahl consciousness at a ¥0p of
20e2? am Hg for ton minutes, The scals of the Jeckew
man Oxygen Analyzer had to be extrapolsted to obteln
the apvroximate PUy for the tolerente of the chronic hy=-
poxia sxposed animals {table 5), The flow of nitrogen-

oxygon mizture was 1,2-1,5 1ltors per minute,



Figure & (spove]

Alterations in hemateocrit and

hemoglobin concentrations cccurring

in the blood of infente of control and
njpaxic r@n)itu during the first 49
days of lifes Control litters x dashed
lines Tegt iimiwr» « s0lid linecs, Vere
ticel iiu EF Y gbandard W*Vlwﬁauﬁw of ths
xneans ™ g

Figure 6 {below)

Timed alksll dene Ld?wtiu, of an adult
rabblit hemoglovin after 20 Jdeys sxposurs

to hypoxia, The dtee giy deacending poriion
i3 the denaturation of adult h{?i;‘{?alﬂb 139
the slowly ucsaaﬂ¢*1g portion 1a the de
neturation of YM‘*&QLH& hemoglonin, Arrow
indicates polnt in time el which sxirapo=-
lation of steeply descendipng portion of
curve intersecis the minimal optical ¢w§~
slty; end wv}mvhwdwu 1006 muﬁ turation of
adult hemoglovin (& minutes). Slowly des-
3 21X 11ng '3 &J‘Jé. m%ua.l .:a.ia»- era ,ka} a»illi‘ft«v -3.. gﬁ&:‘ti’ck—"&j
density at 100 minuies,
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The hsmoglobin and hesabtocrlt values of the hypoxla
exposad mothors were, on the average, slightly higher
then thoss of unexposed mothors, These valuss arc llsted

in table 5,

The alkell denaturation of w hemoglobin solution obe
tained from & hypoxlic mother revesled the preaence of an
alkaline reaistant fraolion, Figure 6 represents the
timed slkaline denaturation curve of thut blood and is
the curve from which the ¥ densturation constants for the
adult and reslistant rebbit hemoglouins were detormined,
In figurs 6, the steeply descending porticon of the curve

spresents the dennturation of the adult type hemoglobin,

]

The siowly desconding portion of the curve froam time 15
minutes to 100 minutes is the densturation rats of the
alikaline resistant hemoglobin, At 100 minutes the opti-
cil density resched & minlmum, with no further uﬁanaa in
density during the next 24 hours. The stesply descending
portion is sextrapelated to an interscetion vi@ﬁ the minie
mal optical density., Thes time requlred to reagh this op=
tlcal density is considersd the 1000 denaturstion time

of the adult hemopgloblin anl is read from ths time seale
on the abscissa, The extrapoletion to the minisun inter-
scets at T8 ainutes, For deneturation to bs 99.4% cone

plcte, seven equel time intervels are required, Thus,

$
A e KOOI - ~ 3 3 t
(L x 5V ) 68,5 seconds is the § denaturstion time of the



26
adult hemoglobin., The alkaline resistant hemoglobin
resches minimel optlcal density in 100 minutes, The
| » 7 i bt
L densturction time is thon BOT seconds ( 90 3 }.

Table € tabulates the values obtained by the aliall
dsnaturstlion of the adult rabbit hemoglobins, The adult
aninels sxposed to hypoxia, using these ﬁenatur&ﬁi@mlacam
stants, hod 9h ov more alkeline roslstant hﬁmaglabim,

The adults not axgaé@& to hypoxia, hed less thin 3 alkae
.1ina resistant hemoglobln in thelr blood. Though ths
nuber of animels ls saell, the diflerence between the
two groups is gresat enough to justifly the sssumption that
chronlc exposure t0 hypoxis does lucroase the rosistant

fraction of hemoplouin,

Alkall Denaturation of Infent Rebbit Hemoglobin

Flgure 7 represents the serial alkall depaturation
velues obtained from ths infant bleoods, test and control,
from seven duys of sge 1o thirty-five days of ege, The
41lustration shows the parsallel tine course of the dlsap-
pearence of presistant hemoplobin from the blood of both
test and control animasla, It is evident from the illus-
tretion, that thers is no demonatrable dillerence in the
rate of loss, nor any prolopgation of the presence of
resistant hemoglobin in the test litters, Table T 1s
the tabulation of deta derivaed from alkell Jdematuration

of the infunts' hemoglobine,



Figurs 7

Porcent alkaline resistant hemoglo=-
bin remaining in the blood of infunt
rabuits of control and hypoxie exposed
adults from T-35 deya of sge, OControl x
and dashsd line., 7Teet litters « and
golid line,  Vertical lines, standard
leviation of the means,
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Zhe incresse in fvdmubwmi howoglobin in the adult
hiypoxic animals, without alteration of the disappsarance

& .

rate of resistant hemoglobin im the test offspring leads
Lo three pleusible interprotations, Firat, if there
were & humoral agont im the milk, its stimulus wss 50
ight thet Lts eflfect was unnoticesdls in the maturiﬁg
infents of the hypoxic wmothers, Second, Af there were
a huworal factor involved in the developusnt of alkeline
reainﬁant hemoglobin in the hypoxie adult, it was not
transuittsd to the offspring in the mother's Qilg.
Third, it can be interprstatsd to indicate thaet there is
no humorsl agent inveolved, and cach animel must be die

rectly exposed to hypoxle to develop resistance,

nete
Figure 8 reprosents the POp at loss of righting
reflexss &s a funotion of increasing age in the litters
of rets exposed to hypoxia, It ecan be sesn that there
is, Qitﬁ some varlation, e decressing hypoxl: tolerance
to thirty doys of sge, The anlmsls then ﬁtﬁbilizm, but
& wide varietion in hypoxie tolerance is present (table 8),

Pilgure 9 is the graphic

hde
Pt
P
o
i7)
bl
!
6
P
s
3
]

f the 20, at
losg of righting reflexes in control rat litters, It can
be seen that the trend of the control litters is sxtremely
gimllar to that of ths &a?ﬁ litters, Thore is, also ap-
parent, the similor wide variat in hyvoxia tolerance

efter thirty duays of age {(table 9),
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#flgure 10 is the composlie of the control and test
rut litters' FCp at loss of righting reflex as & function
of uge, Inspsctlon of the veristions of the test and
control 1ittors cen lead visuaelly ito the fact thut there
13 no detsotable difference between Last and conbrol
snimuls, Close inspection of the points, X aontrol, .
the composite shows the intimate mixing of
test snl gontrol groups throug aaaﬁ all dsterminstions,
Pigure 11 1s the illustration of the ¥0g at which
504 of & group of anlmals, expossd to thet PO, for 3
minutes, were Jdead, This 1s the estimated Ly 50 for that
20p, Tha control anlmels end the test animals follow
the same LD 50 with increasing age, o clossly as Lo De
indistinguishaole., Thus, 1t can be secn, thet between
test and control animaels, thers 1s no demonstreble ALffor-
ence. (table 10},
Pable 10 1li2ts the hemoglobin concentratlions and
hemetoerit values of the control and test liitesrs, 1t
is readily obesyved ‘thet the hematocrits and hemoglovins
'of'bcth groupse of snimelis reflset clearly tho physl iologlc
aneale of tlie new borm, Howsvor, there are mo altorate
jons which pan be attributed to a difference between tthe
two groups &s result of the experimental procsiure,
Table 11 also lists the hematocrit ani hemoglouin soncen-
fration found in seven ﬂontral sl ten test adult anluals,
It is evident thoet hypoxie 4ld cause an iﬁ%f@&ﬁm in tne

hemoglobin end homatocrit in tho aniwals exposod Lo hfﬁ@xl&,



Figure 8 {above)

Acuta hym@wi» tolsrunce of in ikﬁ%
rates nursing hypoxic mothers, The PO2
&t which loss of righting refl ‘"‘.;:t,.s
ogocurrsed as a function of increasing ago.
Vertical lines, 95% confidence 1imits

of the mcana,

Pigure 9 (balow)

Agsute hypoxisa toleorasnce of infan
rots nursing control wothers, The xuh
at which loss of ”wNH,&.b reflsxes oe
curred as a functlon of incrsasing @g«-
Yertiscal lines, 95% confidence 1Lmi§$ of
L he @means,
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Pigure 10 {above)

Composite of the acute hypoxia tole
erance of the infunts of control und hy e
pexia oxposed mothers., The POy at which
1088 of righting roflexes occurrsd as a
Tunction of lncreasing age, Control
lafentirals x dashsd linss, Tost infant
rets « solid linss, Vertical iines, 95%
confidence limits of neans,

Plgure 11 (below)

The 30 minute survivel times of ine
f uts of contrel und hypoxiea exposed
aothers, Control infuints x, dushed lines,
Test infante », solld lines, vVertioal
line, Ldyg range of POo exposure to which
) ' the anlpals were dead,

Sue 0L
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AT H0UZSLCH

Evidence hes been cited (2,16,17) wnich gave orsdence
to the aésuag ion that hypoxie produces a humeral feotor
3&?&@1& af imumsimg pnlyﬁytﬁgmia, Grent's (2) report of
a polycyihemle in infanb rete and mlice nursing hypoxic
withers was consldsred to be usaful in the stuly of the

nenism of aﬁ&ﬁﬁuuiar to hypoxia, Iv was sooumed that
& huhmvw; agent might be iﬁwolvui(ln the acclimatization
process, AL it 30u1& be shown thatfhypaxia tolerance
could be transmi %ew from mother to of ﬂ'srina.

The chaenges anticipated in the marsing orr apring of
hypoxic mothers were u prolongation of tne high resise
tence to hypoxis which the new pora naturally possesses,
anl an increoase in hematocrit an! hemoglobln concentratw

ion, Barker (33 reported the persistonce of high aflinity

hemoglobin in 1nfant rats directly exposed to hypoxie,
Whea lead to the essumption thet her rats might have cone
tinued to produce fetal hemoplobin. It follows that the
infants of hyp@xi? anlmels might #l20 contlnue to produce
& lsrper than normal anount of wlkaline f@ﬁistﬁnﬁ fetal
tyé& hemoglonin, _

The eﬁntrol litters war@'uﬁilizsd to a&tamiiah the
natural loss of hypoxias tolerance, the ne turul nematologic
alterations of the neonstal period and tne degrec of anow-
mis ani the diseppesrence rate of alkalins resistent hemde

{'Alﬁ i}int
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"It might be polnted out thet Fregley's (18,188) york

indicatesd thet a single exposurs to decompression stiie

lates anm edaplive response which influences the resistance
to mypoxia for « period of six to ten ds iy8, Thus, intere
wittent sxzposure to hypoxie has gsomne effect on the total
resgonse, It was for this ?&&ﬁ”ﬁA%ﬁ,%IEXﬁaﬁuﬁﬁﬁ to hypoxia

wepre Limited to soven to ten duy lntervals Detweoen aX-
2o SBUDSE,

it wmight also be polntsd oul that &faﬁi (2) raported

o]

& conirol oxygen capaclity of 10 volumes per cent or

(%Egig%%i; rﬁmé 743 grﬁm&flﬁ@ cc, of hewos &aainn lis
highest hemstocrit reported was 3175, In this study, the
infunl rabs rewched o low momn hematocrit of 280 with &
hemoglovin of 10 .5 grums/100 ce. In the study by
Hoelscher ilﬁ;g the hematoerit and hemoglobln concen-
trotion of nis control end hypoxie exposdd animals Bgread

o &t

-

feirly well with those obsorved in thls study (42 , 1

Ay
ut

t.9 ;rﬂgﬁ/lab 8G. Jo Barker {3} obassrved in adult rate
& hemoglobin of 14 grems/L00 ce, The infant rats in her
study wsre found to heve & neonutsl enemie of 10*1 grama
per 100 ec of hsmoglobin, |

Thus, Grent's (27 hemoglobin of 7.4 grems/100ce, os
calculeted from oxygen capaclity indicates he wes using
either an aberrant populstion, an aneulc spucles of rat,
or, the determinations of oxygen cepacity ani the henoe

globin. are suspect, None the less, 1t alsht well be thet
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of hypoxia tolerence from the hypoxio
offzpring by the milk,

wlon hes lesd to the fallo*iﬁg conclye
methods used, maternal hypexie has no
scnstrable influence on thw nypoxia talmr&aaa of

ihe nursing offspring.

<e Yhe sssumpblon of a humorel Ffoctor ocourring
the milk i1s not valid,

mal hypoxiz doen

3. Mater cause an 1yh~¢%wu in the
alkaline resistant frection of hemoglodin in the

hypoxle animal but nol in bthe 1nfents,

4, Whether the alkeline agintancs fraciio

ing ln the hypoxic esnlwsls is producsd by hypoxia

aireetly or by a bowsonal stleulus camnod be

- e
method of inve:

swared through the present
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TABLE I

The 02 at which loss of righting reflexes occurs in

el

infants of hypoxic rebbits as a function of increusling age.

- S -
= - i3 Yop Conllicncs
No, Ame B Ba47 XP0p = < of the mean

1

I

o
+

A T 152 105 2,0 2024

A 14 152 105 22,0 ¥ 2,0 18-26
A 21 15z 105 22,0 2 2,0 18-26
A 30 152 105 22,0 + 2,0 18-26

1725

¥;~;
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o
et
oy
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e
o
<
A%
L
\+
bt
-4
o

b 42 177.6  130,6

¢+
N

byt
pre
e
ot
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&
&3
']
S
L 3
o
L&Y
O
E
Do I o TR ¥ I &
i+
Lad
&

3
w0 19-25
0

¢
-

19-25

B 27 1z gy 18.2 *1 17, 4-1%,0
8 9 1c4,2 117.2 24,5 T4 20,6-06,6
8 4  o1g 172 3.0 *1.8  4,5-37,5
& 17 1444 97,4 20,1 t1,6 18,5-21.7
& 30 206.8 159.8 335 2,7  30,8-36,2
4 A0 18S.T  MAZ.T 29,9 * .7 28,6-31,2
5 16 156,0 109 22,8 * 2,5 20,6-28,1
2 30 196,3 149.3 30,9 *1.3 29.7-32,1
2.3 2187 167,17 5.1 e2 34367

{4+

Symbolss 8j is the meen baromstrie preasure st wihlch loss
of righting reflexes occurredy 3-47 is ths correction of
the mean baromstric pressure 8L, for alvoolar FHOH APCs

is the celoulsteld moan alveolur POpg i3 the sbtandard
ieviation of the mean,
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TABLE 2

The POz ot which loss of righting reflexes occurs in the
litters of control rubolts,

954 confiicnce

Yo, Age  Bi B=47 XP0s <  of the mesm
AB 9 142,5 95.5 20 .t 2,4 17-23,0

AB 18 190,3 143,330 26-34,0
AB 26  158,8 111,8 23,4 * 1,3 22,0248
AB 39 166,6 119.6 25,1 % 2,0 22,7-27.3
A3 49 214.6 167.6 35,1 t 3,0 31.7-38.5
1-3 16 171.3  124.3 26,0 +1.2 25,0-27.0
-3 20 192.5 145.5 30,4 £ 1,5 26,1-34.7T
1-3 26 2273 180,33 3T.T t 3.8 30.7-44,7
C1-3 30 192.7 1457 30,4 t 1.6  27.4-33.4
1-% 49 222,5 _I15.5 . 36.7 3&,L~}2.1

i+
it
&

L

+
E2h]
=
AL

TABLE 3

Volume airflow through dessicator decompression chamber
of various redustions in baromstric pressure,

Flow Rater

B : Keeding Volumg

. 145 , 5.3 : %00 oa,
165 6.4 - 4500 ea,

185 6.8 4900 cc.
205 % | 5300 ca,
205 8,2 6200 ce,
245 8,6 6600 e,
265 9.6 7600 ce,

455 14,7 12,000 ce,
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TABLE 4

Hematoorit and hemoglobin values of test and control
rabbit infants marinx the ?ifuﬁ forty nine days of life.

Tost : - Grass
&hlwﬁ& Age fomatoorit Hemoglobin
A T 34,531.0 14,120,2
A 14 | 2821.0 11.0£0,2
A 21 26,011,0 11.010,2
A 28 27,0%1,0 11,040,2
A 42 3041, 0 12,5102
A 4y 35.51,0 12,8%0,2
B T 564 021, 0 14,610,2
B 14 30.7¢1.0 11. &*a 2
B 28 27:3£1,0 11,0t0,2
B 49 34,281, 0 12,8%0,2
4 16 31:1,0 10,620,2
4 30 3941, 0 11.5%0,2
b 40 33,641, 0 11. a+w¢@
5 16 29,5%1,0 10,940,2
5 30 41,0%1,0 11,4%0,2
2 40 35,4%1,0 12,2:0,2
sontrol

4B | 32.9%L.0 13.,220,2
AB 14 5365110 12,2+0,2
AB 26 20,081, 0 11,520.2
AB 39 30.1%1.0 12.éi&.ﬁ
AB 49 30,511.0 12,3%0,2

continusd
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Table 4 contlnued

Teat Groms
Anima hire Hematocerit Lgmozlobin
13 16 %2,841,0 14,210,.2
1-3 20 50,0%1,0 12,040, 2
=3 26 52,0t1.,0 12,510,2
i-3 30 . 33.041.0 12,8t0,2

-3 49 38, 042, 0 14,8%0,2

TABLE 5

Adult rebvits, scute hypomia resistant, heswoglooin
concentration and hemstoorit,

Toss Rignting

Test  (202) Time

A 2220 ne - 10" 15,8t0,2 39.341.0
B 22-20 no 10° 15,6+0,2 39,7¢1.0
4 2220 1o 10 16,4%0,2  44,721,0
5 22420 1o 10° _ 15,6£0,2  43,0t1,0
Control |

A8 32.30 = gos . 3 14,840,2  34,9¢1,0
1 30 you A" 14,840,2 34.5£1.0

) 3e=30 yes R 15,0t0,2  38,2t1,0
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TABLE 6

Timed 15 minute alkaline denaturetions of aduli rabbit
hemoglobine,

oo

Opticai Density ot  Resistent

Test Q' 18' 100' Hb Remelning "0 Time
A l‘ 9 Eje 55 Qa #5’ 6n 89 i l_ﬁ,?ﬂ’;

2| 1.725 0,48 0,43 6,25 11, 9%

4 0.51 0,03 ©,00 5, 6¢ 10.7%
5 0,61 0,05 0,00 4,92 9.k
Sontrol

b 1,50 0,65 0,64 1.1 2,8
1 1.67 0,67 0,66 .99 2,08

3 1,58 0,50  0.50 o 0
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TASLE 7

The alkaline densturetion of infamt rebbli hemoglobin
during the first 35 days of life. JFer cent reslistent
hemoglobin present at time “0 calouleted from the
15' alkaline denaturation values,

Gontrol infomts of LiLLer AB end 1= _
Ape _ABD d=3 Lo

T 78 + 5 % 6745 T2, 542, 5

14 36, 3t2,5% | e 36 + 2.5
3 oy ot . = il 5}5_;_2,&.; a5 o 2,50
28 10 £+ 2 B o o e m m ice2 %

5.9 41.5% 4 t1,55 e 1 %

pE)
R

-

Test Infants of Litler :%L B, anl 4
3 A=

Age A ; 3]
7 855 % 63.5¢5 %  T2.5%5 B T3, 55840

14 082,556 z2 & 0 o o s 4 40 o 36+ 4%

1 S i;; xw»’;* EE-: igaEfJ 2e = 3;“’

‘:‘" ',:;,\ e R P o A £ Y T 1{}’%‘ bl‘f:’}

b
£
35 2. 581,50  3.581.58 5,121,5 3.7 £ W
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TABLE 8

The POy at which the less of righting reflesxes occurs
in infonts of hypoxlc rats &s a function of lncrsasing agd,

Age s = 9% Confidence
lo, Deys By 47 xeog o Limit of Mean
21 123,00 82,0 1T.2 21,5 " 15,2-19.2

135.6 88,6 18,5 t ,97 17.4-19,5
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Table 8 continusd
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TASLE 9

The PO, &t which the loss of righting raflexes occurs

in the infeants of control prats,

R A G A e e o xR AP el

Age i Aoy — Stk vondidenge
Ho, Days By __ B-47 XBOo .0y &  1Amt of Mesn

< § 18 150.6 103.,6 21.3 * .6 20,53-22,07

1 z1 176.° 129,2 2T.1 * 1.4 25,2 «29.0
1 40 167,53  140,3% 29,4 4+ .6  2T.T ~31.0

17 136.3  B9.3 18,6 17.7 '=19.4
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TABLE 1O

The Ldgg POp detersined by 30% survivsl et euch
decrenint of pregsurs beglmning &t B 200ms Hg, for te
and control infunt rats,

Rat '™ &gev No, Lbso PCo
1-6 M 50 42 B 50

Y 37 6 27.8-25.3
g, 37 6 25, T=2346
& 44t 4 28, 7=-25.7 {Lyo0)
9 3% 6 30.27.8
10 50 4 30-27.8
10 25 6 30-27.8
11 29 6 30-27.8
12 29 6 27.9-25.8
T7.8,9 3 & 25,8
10,11,

1z &0 6

B?tg-gﬁt'?

2 49 25.75 {(Lbyog)
23 18 21

27.8-25,7 {Ld1roo)
21

o)
- A

14 30 ' 4 27.8-25.7
14 50 6 27.8-72.7
15 7 4 2

15 45 8 25,7256

gonbinued



Teble 10 continued

Rat e NG, Jong POo
16 plv &4 27 « B={ Lien
25, 75={ @%loué

17 45 & 50-27,85

i8 28 ) 6 27.8-25T

18 35 4 27.8-25.7 (LD100)
19 25 6 21.6

Adult 365 9 25,75

TABLE 11

n@m.taarit and a&m@:lﬂﬂiﬂ.d@tﬂtﬂiﬁ%ﬁiﬁnﬁ of adult and
infant reis, ﬁﬁwldimi arv the c¢ontrol adults and thnelr
litters; and the hypoxls exposed animels and thelr litisrs,

Control Infunts Teat Infunts

Hematocrit Hemoglobin Hematocrit Hsmoglobin

Aze £ X RS & £

10 D5.41,0 11,345 10 30.,41.5  10.9%5
17 29,611,7 10,5t,5 20 29.3*1.8 10,8%,5
33» Qa;ﬁfl.ﬁ A0t L5 25 50.6%1.2 16,545
25,26 31,5t1.5 10,8%.5 30 33 + 1,5 1,235
35 38 1 2 12,3%,5 3 B3 11,245
40 42,3%1.35  14,4%,5 LC. 44 + 1,8 14,625
e 45 45 + 1 15 .5

dontrol Adults Test Adults
365 AL5t1.7 14.3%3 365 50,9 16.8%, 4






