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ABSTRACT 

chamber exposures ^ouïd have^íutar^and sth?6?! 0dlt! f hor,:-,:s™ 
by preparing unacollmatlzed anhl«ÏSryr d aîhletl<! application 
at eltltudef Three uñoondltlíníd ! °r er'fUI,an0« parformance 

durance running I weeks at grouL" W p"?? d?Uy by 
measurements, they exerci^Ad Vel* Following control 
dally for 1? days In ! chfimh«« °U?ly, 0n a tread™lH 2 hours 
meters. Responses were evaluated f ®iraulatfd altitude of 2300 

performance (as measured by the duration7nft0ma’’ f®*1"181 Work 
maximal heart rate: duratlL nf exerclse-to-tolerance 
lactate and excess’lacïaïe- maílmai «.M0líinSÍ ?roductl°n of 
oxygen consumption. During the lnit?ïf1«raliîute volume and 
altitude, maximal iork perfoîLnce feU °f axer.clae at 
trol levels (average 23^) with qtr«iir4w 8nlficantly irom con- 
brea th-holdlng dürft ion fell °£ exhaustionj 
täte rose signif leant! v ! « -,y6» “he production of excess lac- 

the altitude exposures^ exeSse“^8- °Ver tha ''«“Inder of 
duration Increased to near oontm? ^forl”ano® ?nd breath-holding 
less noticeable. Dally màxlma^heoie”1? whlla, fatlgue was much 
There was no significant change T*?8 vai'lad Sfestly. 
during exercise8at altitude lut^rnf*1?81 ox7®en consumption 
slightly. During the per.od ofa???tÙ^°éï mlnUte Volun0 ri>aa 
ison with chronic exposures (malalse1*^«^ ^“1’68’ a3,'nPtoms com- 
rheumatic complaints) were L^l^h^7l ?tokes resPiration, 
at work and at ho*. HentUareLícL»0^ ln th! fhamber a"d 
days following the chamber t«qtq ^ ^ 8t g,round level for 2 
maximal work Performance and dín«M °Wed#*rumarkable lncreases in 
significant increase in maximal heart °£ bre8th“holdlng and 9 
of well-being and vigor These d«?í a wlth Oelings 
acclimatization may have b««n fJ^ ifU?g!3t that some degree of 
performance may S^attMb^fSle improved exercise . 

dltlcning. The later "supe?norma?"PÕerfor°m.^°',ed,physloal °°n- 
bility of using this technique f™ fh! Í ? ?Cea raiae the possi- 
athletes. ^ecnnique for the training of endurance 
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SECTION I 
* 

INTRODUCTION 

phenomenon involving changes^^nl3 ^111^8 poorly understood 
complex cardioresp??aSrvgand LLh3?? r9d cel1 volume and 
ment of a degraa of ãcolímãSz^ÍÕn^10 ^fU^lona. The aohleve- 
else performance usually reauireqn«P?ïraittlng comPetitive exer- 
chamber simulation) for several deSuf "í altitude (or its 
undertaken to attempt acclimatization’hv *{?vestRation was 
exercise during short-term exoosuí^ f 7 ?arïyinS out vigorous 
17 days. The military and athletic 0n°i ?im^ated altitude for 
unacclimatized subits fn»e aPPllcations in preparing 
obvious. suDjects for endurance performance at altitud! are 

SECTION II 

METHODS 

volunteer^ubjects’were^chosenHfrom0?^ 8nd unaccllraatized, male 
laboratory; their physical ch!r^t!risH?!I’S0nn91 °f the research 
Prior to the experiment itself AA^hríSííC3i.8re Presented in table I. 
conditioning program involving distan-e^runn?81'1^60 °Ut 8 strenuous 
mill exercise was used freauentlv Dr,fie^rUrjnlng for ^ weeks; tread- 
program was the major mean! of exér^ifa^í”8«the last week of the 

that-cf iha ll^ys 
Jeots had achieved good but net Saxiïï’cendnffig!*8* 3Ub' 

0han.bI?'ÍFfcuí?yS5pe;ftÍ0ñsH¿fahMhtofU?h60?a'”beI' °™Pla^ of the 
Laboratories was used for the exnerima!?! Aerospace Medical Research 
2 hours daily, between 1000 and îénn h ^ that were carried out for 
to a simulated altitude of 2300 meters Chamber decompression 
e perlou of approximately 5 minutes and^f mmHg) waa reached over 
poeures, repreaeurlzatlon was ãcíõmíll^hád íl0"l?g.the J-hour «*- 
Chamber temperature was mnnl^ed a^ 8 3lmllar rate, 
and 28 0. An altUude of 2tm ™ft ally and ra”alned between 2J 
oua exercise la possible at wa3 ohosan because: vlgor- 
athletic performances^wlth^unaccllmatizad*«nKiltery maneuvers^and 
toV!Meen °f lntereat and c^Ün and^n3!^!^3 8Î slrnllan levels 
at l^aiP:e3SnPe Pre3ent minimal physical cïmni f°rÎ7term exP03ures at the laboratory i3 260 meters. p y31cal coraPllcations. Altitude 
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TABLE I 

PHYSICAL CHARACTERISTICS OF THE SUBJECTS AND THE TREADMILL SETTINOS FOR THEIR 
PRELIMINARY AND TOLERANCE RUNS 

SUBJECT AOE 
(YRS ) 

VÍEIOHT 
(Kg) 

BODY SURFACE 
AREA (METER2) 

E.S. 30 67.3 1.73 

R.M. ?e 95.0 2.16 

S.S. 27 69.2 1.90 

TREADMILL SETTINOS 

PRELIMINARY RUN TOLERANCE RUN 

METEKS/SECOND % ORADE 

2.3 10.0 

METERS'SECOND % ORADE 

2.7 12.5 

2.3 2.7 5.0 

2.7 5.0 3.2 7.5 



wi—p—pp 

graded Inolinationa up^o bof and a P d1“1 t''ead"’111,offering 
consisted of two regimens Th^f 3P8?d3,uP to 6.6 m/sec, and 
minutes each of submaximai eie^M<,fI’‘’Umlnar,y Perl°d» of 9 
Intervals of 21 minutes" the degree “3r!v39P?r3t8<i by rest 
each subject after conditionin^to nr,n„f^0rclse was chosen for 
not exhaustion. The severity ff « fínIíQ®/iepeated fatlguö but 

ohosen to exhaust each subJe^tln^p^^il^L^^^toTlliu^es. 

cation wereS?valuatedebyrnÍans8õf the S3,1.1”8*10" of acollmatl- 
duratlon of the tolerance ruí ÍÍeÍM,e0. “í?8 daIly te3t3: (D 
subject at the point of exh^M Í ^ Was discontinued by the 
^te level, (2)Pmax¡m^ t,eartete TeaT «^^rarj heart 
cardiogram recorded at the end nf fh ! n d from the electro- 
the ÍMate'h°ld,lng< "’soured 15 ííní^s rUn’ (3) duPa‘ion the third preliminary run (L) after the completion of 
altitude chamber and duriig usuíl olinlcal signs In the 
bar pally values for th^fins? tííee °Utalde °r th3 obam- 
subject were averaged for davs 1 •* o n0" the3e factors for each 
lated altitude, and for ïhe 2 da^'.m ’ 8?d d“ring slmu- 
these exposures (recovery); theíe Bvínfr°Und1 level followlng 
aarly, middle, and later pérlodrnf !í g8,Vs:lue3 r3Pbasent the 
changes during the recoveSr^of a^8^“^; 8nd th3 

Or^ ■!- Ue-N J __ * 

(contMltdíy)8y0íI’íua th! beginning of the exerol 
else et altitude? aSd tíí’.tentí 33’'«nteenth 
level, the followlíí second day after the re 

expiratory minute vflume (L/S (B??s)|8l8i ™d8! ( 
(L/min), measured durinc; ^’8nd oxy^en c 
(?) blood lactate (Ü) and nv*,,?, Î 3?03äccnds of the 
before chamber evacuation flnrtUyat9^í^ i'rom venous s 
nun. Excess lactate waínfíí immediately following 
It is important that the«?« c^lsted by Huckabee's me 
venous blood samples and cannî^1^1™3 W9r9 
from arterial samples. d nnot 06 compared with val 

se at altitude 
day of exer- 
iurn to ground 
1) maximal 
onsumption 
tolerance runs: 
amples drawn 
the tolerance 
thod (10). 
from peripheral 
ues determined 

fíoí0r10í8r ^i™nst“Pj3°°n8b°i''a<itsyt1^a ?h8aSV8Vt altitud3 «as 

a???n ??dl^?sLh-8pyr-nrln ? íXí?r?8?oí8^ígd^íííí!d 
!rfmfnn?8d3’ the ohamber wa^ «ícua^ad38??^?! of 3l3otbocardio- 
Of 5 minutes, and the first subWf h ° mmHZ over 8 period 
1 ÍÍna7 ’’un- 0na mlnut? af?iiJSrc?a«?" hi3.îirat 9-minute pra- subject started running Pîet-x. 06 °omPleted this run, the next 
the third preliminary run the duraM Ute%8£ter the completion of 
measured, and shortly the^eaner ïh« °f breath holdi*g was 

nS th6 l83t 30 3888nda af aaab toÍ^a3L3í"uí?na“?r:rnrwa°sUt- 
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collected In a Douglas bag through low-resistance mouthpiece, 
valve, and connecting tubing, and the electrocardiogram was 
recorded. Immediately following the completion of this run, a 
venous blood sample was obtained for lactate and pyruvate deter¬ 
minations, After the completion of the last tolerance run and 
blood sampling, chamber pressure was restored, 

SECTION III 

RESULTS 

During the first to 5 days of exercise at subatmospheric 
pressure, each subject noticed extreme fatigue during the pre¬ 
liminary runs (subjects SS and RM could not complete a few of 
these runs), and early exhaustion with the tolerance runs. With 
repeated exposures, fatigue gradually lessened and symptoms of 
exhaustion were less severe and prolonged. Exercise at ground 
level during recovery after these exposures was completed with 
great ease and few symptoms of fatigue, and subjects enjoyed a 
remarkable feeling of well-being and even exhilaration. Through¬ 
out the flpst several days at 2300 m, malaise and rheumatic com¬ 
plaints (ankle and knee aching especially) were common. Cheyne 
-Stokes respiration, similar to the pattern described by Luft (In 
the review by Lange and Hecht) (13), was noted In each subject dur¬ 
ing occasional brief naps during altitude exposures, and one subject 
was found to exhibit a similar respiratory pattern during sleep at 
home throughout this period. Subject RM developed intractable 
insomnia, and SS noted frequent dreams and one nocturnal bout of 
extrasystoles during this period. "Irritability" was occasionally 
noticed by observers In two of the subjects during the first sever¬ 
al days of exercise at 2300 m. 

A subsiding respiratory infection may have affected the con¬ 
trol (prealtitude exposure) values for subject RM. SS could not 
exercise on days 4-6 because of ankle pain; his maximal expiratory 
minute volume and oxygen consumption were not obtained (for tech-" 
nical reasons) on day 10 during altitude exposures. 

Exercise performance, as measured by the duration of the 
tolerance runs, fell strikingly during the first 3 days of exercise 
at 2300m (table 2, fig. 1), and Improved significantly In two of 
the subjects by the time of the 9-11 day and 15-17 day series 
of tests. The duration of tolerance runs following the return to 
an altitude of 260 m rose to extraordinary levels, exceeding con¬ 
trol values by 100¡fc. The higher of the individual maximal heart 
rates during the two recovery runs for these subjects reacn 205t 
210 and 192; these are the highest heart rates ever recorded In 
these subjects. There was no obvious relationship between the heart 
rate and the duration of exercise, except during the recovery runs. 

h 
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EFFECTS OF EJCERCTSE-AT-ALTITUDE IN THREE PHYSICALLY CONDITIONED SUBJECTS 

DURATION OF 
TOLERANCE RUN 

(SECONDS) 

MAXIMUM 
HEART RATE 
( BEATS/MI N) 

¡»RATION OF 
BREATH HOLDINO 

(SECONDS) 

LACTATE 
RISE 

(raM/L) 

EXCESS 
LACTATE 
(raM/L) 

E.S. 

CONTROL 
1-3* 
9-llt 
15-17f 

21» 0 
I70 
192 
232 
473 

164 
183 
170 
179 
195 

65 
49 
62 
57 
93 

7.6 
6.8 
7.9 
7.9 
7.5 

6.7 
5.7 
7.5 
6.1 
6.4 

expiratory 
minute volume 
(L/mln, BTPS) 

OXYOEN 
CONSUMPTION 
(L/mln.) 

R.M. 

115.4 
119.9 
126.4 
128.6 
102.7 

3.12 
3.O4 
3.10 
2.49 
2.69 

CONTROL 
.1-3 
9-11 
15-17 
Rec. 

210 
165 
158 
160 
445 

185 
18C 
I80 
178 
200 

78 
75 
79 

102 

6.1 
6.3 
5.6 
6.7 
6.8 

2.5 

V, 
5.0 
5.0 

4-- 

151.6- 
158.3 
168.3 
144.4 

154.2 

3.S. 

CONTROL 
1-3 
9-11 
15-17 
Reo. 

135 
115 
155 
I60 
273 

180 
I87 
168 
190 
186 

68 
58 
59 
61 
87 

5.3 
7.2 
7.6 
6.7 
6.5 

2.4 
6.5 
6.1 
5.9 
5.7 

3.65 
3.33 
4.06 
3.89 
3.90 

161.6 
165.6 
164.2 
- e 
155.6 

3.72 
3.23 
3.50 
- • 
3.93 

LB3END 

* Average value, for the first 3 day, of altitude exposure; 

t Average values for ninth through eleventh day; 

$ Average values for last 3 days; 

f ... 2 d-” " iltltudo 
if Sample lost. 

5 



DURATION OF TOLERANCE RUN (SECONDS) 

Expiratory mnute vauMC il/«í*..btps) 

Figure 1 

REPRESENTATIVE MEASUREMENT PERIODS DURING THREE WEEKS OF EXERCISE 

LEGEND 

Each group of five bars depicts values for a single subject. 
Cross-hatchfed bars represe ‘ control values; the three unshaded bars 
represent average values during the early, middle and final periods 
of exercise at simulated altitude; stippled bars represent the values 
during recovery after the altitude exposures. 
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ff ■,-<.Br8ath'?0ïliln8 duratl“n decreased In each aublect durlns the 
flrat several days at altitude, then varied widely until tto return 
hreffKUrdiifTel/Mhe2 580h aubJedt achieved his maximal duration of 
breath-hold.ng (30-50^ above control values). Maximal exnfratnrr 
minute volume rose and remained elevated (but for one test) thmueh 

?ñít S* alî1Îude> maximal oxygen cêïsurn^ L mï8 
toiifeL?c?srianfslX°?ai;eientlyethr6af?fr- ^^ate pio^Mon 
expoiSre while eiõe^ iÍÕÍ.Í! ° 8' ?Ur,íng’ ani3 after the altitude 
atPÆ and^durîngStheflrecovery3testsiW° 3Ubj8°ta dUrln8 M8r8la8 

SECTION IV 

DISCUSSION 

Attempts to achieve altitude acclimatization in animal«» an* 
havenbeenJfeíSand infcerraittíní exposures to simulated altitude 
nave Been few and unsuccessful (1-3) excent for the w* 

carried out in any of these atudi««. ?! (17,*J ^efcise waa not 

altitude13 pr0klem ï3lne TlS°r“3 eierolae d"Ílni tíe le^ída^o?9' 

Â?3a^îLi?r?raiiï^:r?snnr?rbt3? ? HL 

:ucnrr:eXr^-àa3îi;!r-3-8-8--8C=- 

ls unceitalnreSmh« faaü^tixatlon achieved In the present study 

2300 m :tyll-e auilSed^trãícUm^Ua“3^?1’^ a"ir°l33 3‘ a 

and 1less îïn°JT«U ParforLd with iuch gJeaie^ease 

Si£¿“rsS;r:m 
very much Impatred3”^!^1?8! fírstSfefTdavs”?0^8 p8rforman°a “«s 
subatmospheric pressure and%h«^e„o d 7f °Í.Íhe exPoaures at 

tSoSrhfrh”r:ar:rvirh:’aigñSfr3\tf10 d3yfni" t0‘8tci=’”8"8n 
"=a. Exercise duÎlng^he ^it ^^“0^ îhe“^^ 
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Vere no significant changes in maximum heart rate 
during these tolerance runs nor in the duration of breath-holding. 

thi! S9rl8a of intermittent altitude exposures, a 
°£.?y¡;Pton)s/as noted by the subjects when not In the 

chamber, which are familiar symptoms during prolonged: constant 
altitude exposures. One subject developed severe, niihtlyin- 
forníh«íhlle anoíí;er not9d Sequent dreaming, both ra?e symptoms 
le^ts^urin^bM«^7”6“3?0^!! reaP}ratlon waa noted in all sub- 
wiffl i naPa in the altitude chamber, and one subject’s 
athom« q °?uerI!d hlm t0 exhiblt this pattern during sleep 

01,17ing the first several days of exercise at altitude 
iff86 Yaa n°ted by each subject, and exercise caused a much ' 

fïarî?q«d!?ree that W83 rauch rnore Prolonged than with 
from si«an ®round A0Vel. One subject, a physician, was awakened 

°ne ocoasion with very frequent extrasystoles which 
P-jiSiSted for 5 minutes; these had never been noted before Each 
aching In1°t8d.J’heJmatlc¥<complaints, particularly ankle or knee 

seSief’of aï?î*,/0r 8 f0W day? shortly after the beginning of the 
toms n«ni« exposures; In two of the subjects these symp- 
ÎnîhiS f 1 t0d Jven-Wh0n outside the chamber, and one subject was 
unable to exercise for 3 days on this account. 

During the last several days of the altitude exposures each 

îefthônlvSaft8r"th«ad dl?aW’Mraî. but for the Insomia, which h 
bran«?««? afj®^ the completion of the altitude exposures. Mild 

atmo9nh«Mo0n8hing W8S OC8aalonally noted after exercise at subi 
coupon1? Pre88Uïea» and one subject developed a persisting 
siïns of nflmnn«r,!inï 68 °n 0u® ?ccaalon, but there were no clinica' 
signs of pulmonary edema on physical examination. 

* A significant decrease in the duration of breath-holding has 
bven proposed as a useful index of acclimatization (16) In8the 
present study, breath-holding duration fell uniformly with the 

ío cintroïPiTT t0 altffcuda> then varied w^el^tending Jo rise 
lèvefa 0I!r the remainder of the period at altitude 

unlike the usual pattern during acclimatization. The tr sattst' 
change in this test for all thrfe subjects was n^ted aft«? ^ re- 
turn to ground level, when each reached a level 30-50¾ greater 
than prealtitude control values. 0 * greater 

PhomKÄI8Ö8XerC*ü!? la°tate and pyruvate samples were obtained before 
Just bafora tb« «nsi tolerance run ao 

omSlatî« effSctâlf^IlM? S7™7“1* 7811183 aotually represent the 
««ÏÏÎ5Î 2 effects of altitude exposure, the three preliminary 
periods of exercise, and the exercise to exhaustion The ris«« in 
I®"^8 Jactata ^^eie following exercise a? WO m ¿re s?mUar to 
dSc?lcñ nn,0^MÍ67e1’ bUt the oaladated excesa lactate pro- 
Mn lblya. moP9 eocurate estimate of anaerobic metabolism 
when ?he^duratinnt0f,mUCb h.igher levela during exercise at altitude, 
lower. fMa ï exercise and thus the work levels were usuall4 
(e«rílse at ^ñnn°Í ^PP^tBelke-s conclusion that mild hypoxia 
iexercise at 2300 m) aoes not affect oxygen debt capacity (7). 
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QriOQ gres test interest was the "supernormal" exercise perform- 
mMh íf the íhree aubJects following return to ground 

level. This Improved performance seems beyond that which could 

flndïnrîndcondî??tlnHed^h?n?iti0ning,and ls almilar to Balke's 
mgiA conditioned athletes after 10 days of exercise at 

De¡.fnrmín¿a74 ‘ “A® not clear whether this improved exercise 
?n 1 is SU3ts1n©d for more than a few days after return 
to ground level. The possible use of euch conditioning by endur- 
cnce athletes warrants further evaluation. ^ ^ 
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