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Washington, Dy Cs
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Dear Dre DuBoles

Since your viait out here we have continued our proliminary
experimonts with the labelled inort gmses and are herewith submittiug
to your committee an application for support for the continuation of
this warke Before going into more detail us to the iypes of inveat-
igations that wo wish to oarry out I siouid like to outline again the
reagons for usiug radicactive argon at the preseut kime.

I view of the importance of sercenbolism to en aviatar at
high altitudes it seenns obvious that if onae ocould uge labellsd nitrogen
toportent studies on nitrogen distribution end exohenge oould be carrled
out, Illowaver, there ie sotually ouly one radiocuotive nitro wn isotope
available at the present tiwe and trla hae & halfelije of only ten minutos,
Consequently, with ita use, experimeunts of loa; duration owu.ct be carsiod
outs Novertheless, we propose to coupare, in aninals and wen, in short-
tive exporimsnts the metalbolism of nitrogen and argoun, using the lon ore
livod argon and the shortelived nitrogen. Experiments of over an hour oan
cortaluly be oarried out with nitrogen, In this way, ocomparative ourvos
cun be obtained and possibly correction faotors can be determinod, Siuce
i ore was no longelived radloactive nitrogen we loocked in the periodie
tablo and fouid that there were several longelived isotopes of argon aud
lrypton whioh both are inert guses and have the same physical and ochemioal
properties as nitrogen, There was a 37~day argon and a 1llO-minute argon
and & S4-hour krypton. loth the Y7«day argon aud the 110-ninute argon
are now being explored here in animal and human experimenta,

The work whioh we wiah to carry out can be divided into two
geotiona) first, animal and second, humen or olinioals Dy, John Ue Larkin
who 18 woll=trained in both pliysics and medioiue will teke oharge of ihe
animal worke le graduated from the Massachussetts Ingtitute of Teohnology,
tlereby getting a very thorough treining in the field of physiocs and eugine
eeringze Then he graduated from the Johns llopkins Medioal Schicol aud after
completing his internship tock three years tralning with Dre He e Sasuman

in the x=ray dopartment of the Petor Bent Mri ham Hospite) in Dosbumus During

the past tlreo years he has Lean with us and in charge of the neutron there
apye Ilo has also boen doiug experiuental vork with the labelled isotopes.
He has had considerable experience in gas analysie end alresady has built

8 ocomplete seteup for the study of gas exohmnge in rats, inoluding
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faoilities for studying the rats under verying pressures. lo will be able
to study oxygen consumpiion in addition to inert gas metabolism und inery
gas exolmages 7Today he ia going to begin doing the firet slmple rat exper-
luentge In this work he will study tho exohange of inert gases under various
progaures and will saorifice anirela to determine the percant distribution
of the radicactive materiasl in the various tissues of the body., The 37~day
argon which hug a rather sofb irradiation will be uged, but he has a set-up
far analyzlyg theas soft reys by taking the gas direotly into the counter
tubes, I{ gseemuns oortain that we will bo able to get important datea on the
exact digtribution of inert gases in differeut tissues of anivels end to
study possible mathods of influsnoliy; thia distribution.

The second part of the exporimeats will congora huisn sadjects, ‘%he
statamunt attached to the a&; plicatiou swauarieed the proliminary work carried
out on normal subjeots anrd somae putients withy pulmonar, aud circ.letory
abovrmalities, We propose to study iumedlately, large gro-rs of ucrmal young
wen -bobuyml the ages of 18 and 87 to deterndus staxdard rates of inort ges
oxohange and to find out whether or not one might be able to zroup theuw accord-
lig to thelir speed of gms exohange, It 18 then proposed to test possivle
webhods of replecing lnert gas in the body or possibly speeding up these ratus
of exchange, uwiing the simple labelled isotope technique for meaaursmont,
Using the short~lived laotope of ergon one oan study ivdividusls in experimeats
lusting ns long as three howrs for comporison with othurs. If long-tiie
experiments are done however, the 37-day argon can be used and exporiments
run over wany hours o guveral dayss 8inas it is the last fow peroedt of
nitrogon which 1s Loportant in sorocembolism we are awere of the fuct that long
sxperimmts probably must be ocarried outs We ara also sware, howevor, of the
possibility that rates of exchange of the first 6% of tho nitrogay might be
zflu;;gg to the rates of exohange of the last few peromit of the nitrozen in

it} Yo .

Wo should 1ike to epphasise that we have most of the equipment end
we have available or cen get the necessary Lraiusd men %o carry out this work.
In other worda, there will be no preliminary period of seversl months to get
started, Wé can shart immediately aund intenalvely coutinue the work for a
period of silx months, and abt the end of this time I am sure that we oan have
anoygh vresults to indloate whether or not. these studies are worth continulng,
:t ia mguxl-iaerong :oi:et hrh)‘tham view of the lmportance of the problems of
eroemboliam auy lead whioh hae a ohan y N
Lvestioated atythil i ce of g,ivin;, results should be exhaustively
. .The program as we have outlined it coustitutes the miniwum gioup
to aocomplish the work at a rapid rate, ue hope that you will rind it possible
to give us support to carry ou this work, . o

Thanking you for your canaideration,
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Very alnoerely yours,

John H, Lawrence, M, D,
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INTRODUCTION ‘
Report number one# under this projeot X762 éave én'aooount of the

sygptoms produced by exposing individuals twice dally to a pressure altl
tude of 20,000 feet. Inaamnahvas symptoms appeared as frequently under
oontrol as under experimental conditlions 1t was considered advisable to
repeat the investigation. 1In planning the second experiment partiocular
attention was glven to establishing adequate control aonditioﬁa thus
avolding insofsr as possible the factor of suggestlon.

METHODS ‘
Twenty-five healthy men ranging in age from 18 to 25 years served

a8 subjects, As a control proocedure, for the first five days these sube
Jects were decompressed twice dally.to a pressure altitude of 5,000 foot.
The rate of decompression was 2,500 feet per minute, On the followlng 2¢
congecutlive days the subjects were decompressed to a pressure altitude of
20,000 feets The rate of decompreasslion on the 20,000 feet exXposures was
10,000 feet per minute, Oxygen npﬁaratus, dilluter-demand with the A¥14
demapﬂ mask, was used froam sea level to maximum altitude on both the
5,000 feet a8 well as the 20,000 feet exposures The temperature inside
the decompression chamber varled from 70° to 80°Fahranheit. During

each decompreasion the suﬁjeot exerolsed every five minutes for a period
of 30 geconds, The exercise consisted of stepping up alternatel& with
each foot to a height of 18 inches at a rate of one step-up.per seconde

The duration of each exposure to decompression both on the control as wel

-l -

# See report number one, This second report 1z an addendum to the

previous report.
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ae the standard exposures was 50 minutes, The subjects were told that
all exposures were to 20,000 feete There was no evidence that any of
the subjleots were aware of the faot that the control decompressions were
any different than those to 20,000 fests .

Two questionnaires were filled out by each subject dur:ing and/or
following each decommression., The first questionnaire concerned four
speoific symptoms, These symptoms were heaﬁache, changes 1n visual acul
Jjoint pains and p;llpitation. Two of these aymp%oms were selected becaus
it was. felt that they were relatively common complaints of decompression
The other two were "control" symptoms having little or .no specific relat.
ion to decompression illness, A fifth apasce on this questionnaire was
inoluded in order to permit the subject to insert any other symptom or
complaint which he might note. A second questionnaire was begun on the
second dayes It oconcerned fatigues, need for sleep', changes in appetite ar
any variation in the usual interest in outside activities, It further
stated that ths subject should ‘note any delayed or peraista-nt symptoms

whioch followed the decompression,

RESULTS

A total of 240 man exposures took kplaoe at 5,000 feet during the
first 6§ days of thes experiment. This offered an adequete control period.
On the sixth day the 20,000 feet decompressions began. A total of 1,039
man exposures occurred during this period from the 6th through the 33rd
experimental day.
_ There were very few complaints of specifio aymptoms on either the
5,000 feet or 20,000 feet exposures, During the control period there
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was one post decompression headache, one complaint of paraesthesias,
2 ocomplaints of mild joint distress and 2 instances of headachs during
the decompresssion, Durlng the 20,000 feet exposures there'were two com=
plaints of mild joint pain during the 1,039 man exposures., Six times
paraesthesliaa were noted. On three oooasions mild distress appeared in.
the knee Jjoint following the deoomprésalon. There was one case of
trangient vertigo. . | |

~ The ma joxrity of information gathered during these decompressions
cenﬁered abbut the questions concefntng the appearance of fatlgus, change
in abpetite and sleep requ!rements and changes in the usual interest in
outslde sctivities, The acoompanylng table shows the comparative data fo:
the 5,000 feet and the 20,000 feet exposures. It 1s seen that for the mot
part little chgnge in the symptoms occurred., However, when changes were
reported, there was very little difference in the percent incldence at
5,000 feet and at 20,000 feet, There 1s some indication that appetites
were poorer during &hes 20,000 feet decompressions, The differencé 1.29
of man exposures at 5,000 feet and 4.1% at 20,000 feet is signifiocant,
Likewise, the inorease in fatigue from 0.8% of men exposures to 3.6% is
significant, The remainder of the data show no significant difference
in the Apercent inoldence of these conpleints,

DISCUSSION
In the previous report on repeated decompression to 20,000 feet it
was pointed out that there 1s considerable difficulty in determining

whether certain mild complaints made by subjects exposed to moderate

{
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decompreasion are due to this factors The type ol exerclse which v.ma‘
used in the previous experiment consisted of five.deep knee bends every
5 minutess It 18 felt that psrhaps the deep knee bending exerclse can 1i
1tself produce occasional ‘mild distreess As a result the exeroise was
altered and a step-up type was used which 1t was felt would be less like'
to induce symptoms of 1ts own.

Neither oahpletely naive nor completely sophisticated subjects were
useds They were informed of the prupose and nature of the experiment anc
had only the specific questions on the quesilonnalires by which to be gul¢
'These question'naires were purposely prepared to avold improper suggaatfor
and used related as well as unrelated symptoms, _

The mildness of the complaints while belng repeatedly decompressed
to 20,000 feet is agaln demonstrated. Fatigue again seems to increase
with the increase -in altitude as shown by the % incidence of 3.6 at 20;00
feet as opposed to only 0.8% at 5,000 feet, Somewhat pporer appetites
wore seen at 20;000 feet as well, The edaptive trend seen 1n reéarda to
fatigue in the previous experiment 1s not apparent this time, chever;
since there were so few complaints of fatigue each day such a trend would
ve difficult to demonstrate. There was no trend in respeot to the other
symptoms as well, |

Since so few. mild symptoms were demonstrated in this experiment, 1t
1a felt that the negatlva results of the first experiment are verifled
b'y'the results of -this. onee. It is seen that there are oomplaints of des
compresgion at 5,000 feet and that the complaints as the result of ree
peatéd decompression to 20,000 feet brgins forth no further dnorease othe:
than aome greater fatigue,
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CONCLUSIONS
The repeated frequent decompression of healthy male sub‘jecta betweey
the ageé of 18 - 25 years for an extended period of time results in
the production of no serious symptoms of decompresslion when the axe
posures are confined to a pressure altitude of 20,000 feet,
There is no deterloration in the individual'!s ablility to tolerate

such decompresalons,

Sinoe s0 few symptoms occurred, no. adaptation was demonstrated.
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