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HAMILTON

ABSTRACT

In a counterbalanced experimernt four restrained, imma-

ture chimpanzees were subjected to a 100% oxygen environment

at 14.7 psia for over 15 hours. During this periddt they were
isolated in a chamber and perfo'rﬁxed' various psychomotor

- tagsks, These same animals served as subjects for the same
period of time in a 20% o;tygen environment, Relative humidity
was maintained at 45 - 55%; temperature was maintained at
79 - 81°F.; environmental CO, was lower than 3.8 mm Hg.
Heart rate, respiratory rate, and skin and rectal temperatures

. were monitored during the experiméntu. Clinical examinations,

' hematologi‘cal and serum biochemical determinations, and
urinalyses were pe:rformed‘ before and following éach test,
The only significant finding.l were a relative b'rad‘y"c"ai',dia; and
tachypnea in the hyperoxygenated environment,
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'CARE AND HANDLING OF THE SUBJECTS

The animals used in this study were handled in accordance ‘
with the ""Principles of Laboratory Animal Care' established

by the National Society of Medical Research,

iv




I,
11,
Iv,
vo

TABLE OF CONTENTS

INTRODUCTION , . 4 4 v s o s o+ »
MATERIALS AND METHODS ., . . . .
A, Description of Apparatus . « .« .
1. Restraint Devices , . . . .
2. Test Chamber System , ,°,
3. Instrumentation « « « ¢ ¢ &
B, Descriptionof Test o+ « o o ¢ &

l. Preparation of Subject . . .

2. Experimental Condifions

3. Design.....;.....
"4, Subjects o o « 0 o s e 00
C. Blood and Urine Analyses . . .
1. Hematology « ¢ ¢ o ¢ « o

2. Venous Blood Serum « + «

3. Urine . R
RESULTS o ¢ ¢ ¢ s ¢ « o s e e
DISCUSSION « &+ ¢ o ¢ ¢ ¢ s o » s @
A, Environmental Parameters . .
B, Instrumentation . . . .+ o « ..
Cj.‘ Physiological Parameters . . .
D. Blood and Urine Analyses . . .
CONCLUSIONS « « o o ¢ o s o o o«

REFERENCES « ¢ o ¢ o ¢ o 4 ¢ o s




bt

-

et <o g

Page

'

APPENDIX I, Experimental Protocol =« ¢« ¢ ¢ ¢ « « o U5

“APPENDIX II., Pre- and Post-Test Physical
Examination Data + « ¢ ¢ ¢ & ¢ ¢ s o o 59

APPENDIX III, Individual Oxygen Tolerance
Tests Number 1, 2, 3, 4,5, 6, 7
and 8 (Physiological and Environ-
mental Data) « ¢« ¢ o o ¢ ¢ s s 0 0 e o 177

APPENDIX IV, Charts of Individual Oxygen
Tolerance Tests Number 1, 2, 3,
4, 5, 6, 7 and 8 (Physiological ‘
Data for five "work sessions') . . . . 87

APPENDIX V. Coamparison of Oxygen Tolerance
Tests 1 and 5; 2 and 6; 7 and 3;
and 8 and 4 (Means of the Physio-
logical Data for five ''work sessions') . 129

APPENDIX VI, Hematological and Serum Bio-
chemical Values for Chimpanzeés
No. 32, 35, 42, and 46; and Direc~-
‘tional Changes in Hematological and
Serum Biochemical Values during
Test Periods in 20% and 100% Oxygen . 135

LIST OF ILLUSTRATIONS:

Figure
1. Restraint Chair and Subject Seated in the Environ-
mentalTestChamber‘..-............... y
2. General Electric Environmental Test Chamber
(En.dVieW)‘...o..........s..o.....5
3. General Electric Environmental Test Chamber
(Front VieW) * L] L] L] ] . L] L] L] L ] . . (] L] . . . (] L] ' [ ] L ] L] 6
4, Electrical Control Console Digplaying General
Electric Environmental Test Chamber Internal
Environmental Parameters . ¢« o o o s o« o s o o i s 4 8
5. ,Instrumentatmn for Recording Physiological Response

During O, Tolerance Test (FR 1100 Tape Recording

System and Sanborn Recordeérs) « « ¢ « o o o o ¢ ¢ o o o 10°

vi

-




Q

o

Figure (contd)

6.

10.

f ‘ .11,

Table

II.

III,

VI.

v,
VIII.

IX.

. Subject Instrumentation used to Record Physjo-

logical Parameters (ECG, Respiration, Rectal and
SkinThermistOrS) LI N I T O S O I N A R Y Y

Subject's Iristrumentation Check « « « ¢ o« ¢ o &

Subject Seated in Restraint Chair during Instru-
mentationcheck..ooa...ocoouo.on

.

Means of Physiological Data, Four Control Tests at

760 mm Hg, 80°F, 50% Relative Humidity, 20%
Ongen L] * . L] . - L ] L] . . [ B L] L] . . L] . L] (] L ] L]

Means of Physiological Data, Four Tests at 760 mm

Hg, 80°F, 50% Relative Humidity, 100% Oxygen .

.

Means of Physiological Data, ""Pre, During, Post" for

_Each Work Session: Four Tests at 760 mm Hg,

80°F, 50% Relative Humidity, 20% O,; Four Tests
760 mm Hg, 80°F, 50% Relative Hum1d1ty, 100% 02

Summary of Physical Examination Data . . . . .

Analysis of Phy-smlogxcal Data (20% Oxygen,
147p51,80F5070RH)oocctcouonoa.

Analysis of Physmlogmal Data (100% Oxygen,
147p51,80F50%RH)loonncoooco.o

Results of t Test on Physiological Measures
(147p81,80F SO%)RH)Q L S R R S I

Summary of Phy'smlogmal Measures
(20% Oxygen, 14,7 psi, 80°F., 50% RH) « « « « «

Summary of Physmlogmal Measures

(10070 Oxy'gen, 14 7 p51, 80 F 5070 RH) ¢ o s o 0

Hematology‘ - Venous Blood . o & & o & & o e o @
Hematology (Continued)} and Urinalyses . . . . «
Serum Biochemical I.evels - Venous Blood. . . .

17-Hydroxy Corticosteroid Excretion . « « « + »

vii

Page
13
14

15

24

25

26

18
19
20
21
22

23
28
29
30-

3l

[N WP




L s e

CHIMPANZEE PHYSIOLOGICAL TOLERANCE
TO BREATHING 100% OXYGEN AT 15 PSI

-, INTRODUCTION

Before a chimpanzee can be used to precede man in space
experimentation, considerable ecological testing should be done.
The separate and combined effects of many ecological variables
of various artificial environments must be assessed. These
variables range from physiological parameters to psychological
aspects of prolonged isolation and confinement., One particular
area needing investigation is the effect of breathing 100% oxygen

‘at 760 mm Hg (14.7 psi) for limited periods of time. This is a

gaseous environment to which a chimpanzee could be subjected

during the countdown period prior to launch,

Many investigations into the biological effects of a high

- oxygen environment have been performed, The French investi-

gator, Paul Bert (Ref, 1) was the first to show that a high oxygen
concentration can kill many forms of living organisms, Since
that time a large number of oxygen tolerance investigations on
experimental animals and a few on humans have been conducted
(Ref. 1,2, 3, 4,5, 6,7 and 18), and the toxic effects of continuous
exposure to high oxygen concentrations have been repeatedly
confirmed. These investigations indicate that the primary
toxic action of high concentrations of oxygen at ambient atmos-
pheric pressure is irritation to the respiratory tract. The
effects noted are believed to be due to the direct action of
oxygen on lung tissue causing pulmonary edema, atelectasis,
fibrosis of the alveolar walls, pleural effusions and eventually -
death, ‘

Bean (Ref. 3) points out that the accumulation of much
experimental data leaves little doubt that continuous exposure
to oxygen in concentrations above 60 to 70% at normal atmos-
pheric pressure for 12 to 14 hours or even less, results in
pathological changes in the lung, Paine, Lynn and Keys (Ref, 8)
in a series of experiments on 49 dogs found that pulmonary
changes occurred while breathing oxygen in concentrations of

- 95 to 100% at atmospheric pressure for periods as short as 2

hours. One dog died after only 6 hours of exposure and at
autopsy exhibited the typical pulmonary pathology; however,
the average duration of life in such an oxygenated environment
was 39 hours, Hulpieu and Cole found that increases in relative
humidity combined with high temperature greatly increased the
toxic effect of oxygen (Ref. 9). "

€
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The purpose of this study was to determine, as quantita-
tively as poss1ble, whether a period of 15 heurs, the potent1a1
countdown time in an actual launch, in this environment is
toxic to the chimpanzee. A series of tests were conducted to

"identify any possible deleterious effects on restrained chim-

panzees from an environment of 100% oxygen at 760 mm Hg
(14,7 psi) over a 15 hour and 15 mirnute period by the evalua-
tion of psychomotor performance, physiological response,
clinical examinations, and hematological and biochemical data,
before, during and following the testing period.

Physiological parameters monitored and recorded during

these tests include rectal temperature, skin temperature, pulse
" rate, three-lead electrocardiogram, and respiratory rate

(Ref. 13,15 and 16). Environmental parameters controlled,
monitored and recorded include oxygen and carbon dioxide
content, temperature, relative humidity, and barometric pres-

‘sure,

Metabolic profile studies were conducted on blood and
urine samples to determine the chemical changes in the blood
as a result of exposure to increased concentrations of oxygen.

Psychomotor performance, as measured by continuous and
discrete avoidance tests, was studied to determine whether it
was affected by increased concentrations of oxygen.

II, MATERIALS AND METHODS
A, Description of Apparatus
1, Restraint Devices

a. Restraint suits consisted of nylon webbing
reinforced by nylon tape at the cuffs and other points of stress.
They were developed by Aeromedical Research Laboratory
personnel and fabricated by the Clothing Division, ASD, and
they represent a modification of suits previously used in chim-
panzee research (Ref, 10). Expansion of the suit to compensate
for growth of the subject was provided for by adding inserts
controlled by drawstrings.

b. The restraint chair was developed by Aero-
medical Research Laboratory personnel for use with two to
six year old chimpanzees, and was locally fabricated. The
chair is designed for easy adjustment and when used with a
suit will facilitate attachment of sensors for collection of




physiological data (Ref. 11), to various sized chimpanzee. The.
restraint chair used in this study was modified with a metal
skirt (Fig. 1) to prevent the chimpanzée from removing the
urinary catheter or physiological leads.

2, Test Chamber System

The environmental chamber utilized in these
tests was a General Electric ''closed environmental system for
large primates' (Ref, 12). This system will maintain internal
env1ronmental conditions within the following extremes: tem-
perature, 60°F to 100°F; pressure, 120 to. 760 mm Hg absolute;
relative humidity, 30% to 90%; and atmospheric composition,
up to 100% oxygen,

The only outside sources of energy required to:
operate the system are 220 V AC 60-cycle single phase, 115V
AC 60~cycle single phase, and 28 V DC, unregulated power.

The system is comprised of four main mobile - '
sub-assemblies. The first is the chamber propér (Fig. 2).
Its internal dimensions are 30 inches deep by 48 inches high
by 48 inches wide, giving it a basic volume of 40 cubic feet.
All surfaces are fully water-jacketed and connected in parallel
by manifolds for maintaining wall temperature at any desired
level or for "heat pulsing' them from high to low extremes of
temperature,

A plexiglass window (Fig. 3) is prov1ded in one
wall over the pneumatic control panel for viewing the subject.
A second ''overlay' may be affixed to it to provide either an
opaque or ''one-way' viewing surface,

Electrical interfaces are also provided for
conducting electrical signals from internal test leads to out-
side monitoring instrumentation., Eight sampling outlets are
also provided.

The pneumatic control console displays an abso-
lute pressure gage, oxygen supply shutoff valves, '"breathe-
dowm'" valves, bleed valves, a quick-vent valve, and a demand
type precision oxygen regulator, Integral with the chamber
sub-assembly is a vacuum pump which is used to evacuate the
system to lowered pressures. A purge valve is also provided
80 that the desired atmosphere gas composit:on may be admitted
and "air" expelled from the system, '
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RESTRAINT CHAIR AND SUBJECT SEATED IN THE ENVIRONMENTAL TEST CHAMBER
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The next sub assembly to be deacribed is the life
support sub-system. It is entirely enclosed with easily removed
sheet metal covers, as is the entire system., This sub-system
has the function of maintaining a habitable environfnent within
the chamber proper. The atmosphere from the chamber is

 recirculated through this system at a rate of approximately

15 cubic feet per minute by means of an axial flow blower,
‘The "'stale' air removed from the chamber is passed through
a CO, absorber. This device is capable of maintaining the CO,
partial pressure below two mm Hg. The air then enters one o
two cold traps which 'freezes-out'" most of the water vapor in
the air stream., Two cold traps are necessary since one must

. be alternately switched into the line to allow the other to defrost -

as it becomes saturated. Defrost heaters integral with the re-
frigerant coils perform this function, This freeze-out defrost
cycle is programmed by an electro-mechanical timer which’
switches the flow path between cold traps by means of pneumati-
cally actuated valves. The timer also determines refrigerant

-flow path sequence and defrost heater operation.

The cold air next enters the heatef-humidifier

. where it is reheated and a controlled amount of moisture re-

admitted into the air-stream before re-~-entering the chamber
by a manually operated micrometer valve.

: The life support sub- system also houses the pick-
ups for the CO; and O, analyzers which are an integral part of
the system. The CO, analyzer is an infrared type and monitors

. the CO, level at the mlet to the CO, absorber, The Op analyzer

operates on the para-magnetic principle and it continuously .
samples from the system atmosphere at the cold trap outlet.

. Hook-ups are provided to check the calibration of both of these

instruments without shutting down during the course of a test,

The electrical control console is the third sub-
assembly of the system (¥ig. 4), This console displays all the
chamber internal environmental parameters and provides means
for controlling them: Indicator lights are provided to indicate
operation of various important components within the system,
The CO; analyzer display panel and the O analyzer recorder-
indicator are also in this assembly, An electrical interface is
provided so that output from the environmental sensors may be
fed to a continuous recorder if this is desired. An audible
warning device is also provided whjch will indicate high or low
extremes of either temperature or pressure. The cofisole is
connected to the other part of the system through a central
junction box located. on the. life support sub-system,
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The last part of the system to be described is the
elevated wall temperature sub-systern. This assembly provides
the capability of heating the chamber walls to an .elevated tem-
perature and then cooling them back to ambient within a 10-
minute period, The system contains two insulated 40-gallon
tanks connected by three-way manual valves to an electrically
driven centr:.fugal pump. The first tank contains thermostati=
cally controlled immersion heater coils, and the second is the

cold tank which is cooled by refrigeration coils connected to
a one-third HP hermetic refrigeration unit. By manual regu-
lation of the valves and pump, the desired temperature profile
may be pulsed into the chamber walls. Additionally, this sub-
system is used to maintain the chamber walls at the same

" temperature as the internal environment by means of a thermo-
. static temperature controller which cycles the water circulating

pump to maintain a preset temperature, The chamber wall
temperature may be independeritly raised from an ambient one
to 150°F and then dropped back to ambient temperature within
a 10-minute period.

3. Imstrumentation

An FR-1100 tape recording system was used to
record physiological and psychological information on magnetic
tape and a Sanborn recorder provided a visual display of
pertinent physiological functions (Fig. 5). The physiological
parameters which were recorded on magnetic tape are as

follows: ECG leads I, IT and III, respiration, rectal and skin

temperatures, The recorded psychological information was
right lever, left lever, blue light, shock and program on, The
physiological parameters recorded on the Sanborn recorder
were: ECG leads I and ITT and respiration; the psychological-
information recorded was right lever, left lever, blue light.
and shock,

The following electronic equipment was used:
Ampex FR-1100 tape recorder, Sanborn recorder, Tektronix
amplifiers, Electro-Mechanical Research, Incorporated ampli-
fiers, subcarrier oscillators, Electro- Mechamcal Research,
Incorporated drscnmmators and a Yellow Springs teletherm.,

a‘.: Electrocardlogram (ECG)

Four electrodes were used in the ECG system.
The electrodes were made of four male and female snap fas-
teners and four steel sutures, .028 inch in diameter. The
suture electrodes were attached to the left anterior chest, right
anterior chest, left medial thigh, and right medial thigh. The
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method of attachment was as follows: The suture was inserted
“subcutaneously and parallel to the surface of the skin for one=
half inch, The end of the suture was then brought out of the
skin through female snap fasteners., Male fasteners with elec~
trical leads attached were snapped to the female fasteners at
the point of suture entry. The appropriate connections were
applied to and amplified by the Tektronix amplifiers, calibrated,
amplified further by the Electro-Mechanical Research,Incor-
porated amplifiers, applied to the sub-carrier oscillator and
recorded on the FR-1100 tape recorder. ECG leads I and HI
were then played back through Electro-Mechanical Research,
Incorporated discriminators to the Sanborn recorder.

b. Respiration Sensor

The respiration sensor was a soft rubber

tube one-eighth inch in diameter, approximately four inches

long, filled with a 15% aqueous solution w/v of CuSO4 with
electrical connections on each end. The sensor was attached

~ around the subject's chest at the level of the eleventh intercostal

space. The change in electrical resistance of the tube as it was
stretched with each chest expansion was applied through an
amplifier (built by McDonnell Aircraft Co.) to a subcarrier
oscillator, and recorded on magnetic tape and Sanborn paper.

c. Rectal Temperature

Rectal temperature was sensed by a Yellow
Springs Instrument Company temperature probe which was.
inserted approximately nine inches into the rectum (Ref. 13).
The resistance of the thermistor probe was measured by the
bridge circuit of a Yellow Springs teletherm, After calibration
the signal was amplified and recorded on magnetic tape. A
visual readout could also be obtained for test time readout.

d. Skin Temperature

Skin temperature was sensed by a Yellow
Springs Instrument Company thermistor skin temperature
probe taped on the right medial th1gh Operation of this probe
1s the same as above,.

e. Voice
Chimpanzee vocal reaction in the chamber

was sensed by a microphone, amplified, and monitored for the -
detection of respiratory difficulties.
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f. Time

A 99 hour coded clock provided time corres
lation, and was recorded on the tape as well as the Sanborn
recorder, Also a 6.25 KC signal was inserted on the magnetic
tape for computer correlation.

B, Description of Test
1. Preparation of Subject

Prior to the test, the subject was examined and
declared in good health by the atténding veterinarian. The
“'subject was instrumented and restrained (Fig. 6).

ECG electrodes were secured with tape. The .
respiration sensor was placed one inch below the right chest
" ECG electrode. The skin temperature thermistor was taped
to the medial thigh region. The rectal probe was inserted
into the rectum and taped The subject's urinary bladder was
catherized and the urine collection begun. The subject's
instrumentation was then checked (Fig. 7). The subject was
placed in a restraint suit and transferred to the restraint
chair. Instrumentation was again checked (Fig. 8). The sub-
ject was transferred to the chamber area and placed in the
G.E. chamber (Fig. 1). The instrumentation readout was
again checked for physiological presentation. The subject
performed psychomotor tasks for five minutes to check psycho-
motor instrumentation.

2, Experimental Conditions

Each test had a duration of 15 hours and 15 min-.
utes from the time the desired temperature, relative humidity,
and atmospheric composition and pressure were reached,

The pressure in the chamber was increased to that of sea level
at approximately 1000 feet per minute. The subject received
water ad lib and no food during this period, Upon completion
of the test, the atmospheric pressure was decreased to field

- elevation of Holloman AFB (approximately 4200 ft) and the
subject was removed from the chamber and transferred to

the Vivarium and given a physical examination (Appendix II).

3. Design
i Four chimpanzees were dw1ded into two groups
to accomplish a crossover design so that each animal acted as
_ his own ¢ontrol. Group I subjects were exposed first to 20%
oxygen, 14,7 psi and later to 100% oxygen, 14.7 psi. Group I

12
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animals were exposed to 100% oxygen, 14,7 psi prior to 20%
oxygen, 14,7 psi environment, This technique obviated possible

~sequential effects which might have occurred in the usual test-

retest situation,

Heart rate and respiration rate were determined
by manually counting from Sanborn paper the QRS complex
for heart rate and the respiration wave form for respiration.
Rectal and skin temperature were recorded from telethermom-
eter (teletherm). These readings were recorded for 1 minute

at 15-minute intervals., During the 15-hour test session for

each animal, the behavioral tasks were presented for 15 minutes
at 3-hour intervals. The results of the behavioral tests are
reported by Farrer (Ref, 14). Physiological parameters were
recorded every minute for 15 minutes: (1) prior to the work
period (pre-work period), (2) during the work period (behavioral

test), and (3) after each work period (post-work period). Thus

physiological information was collected once every 15 minutes -
of the test and for 45 consecutive minutes during each of five
pre~-work, work and post-work periods.

4, Subjects

Healthy- chimpanzees approximately four years
nine months, to six years 11 months of age were used as test
subjects, Of the four animals, two were male and two female,

C., Blood and Urine Analyses

Venous blood samples were taken from each subject
immediately before and immediately after each 15-hour test
period. Urine specimens for urinalysis were also taken im-
mediately before, and during the first post-test hour after,
the experiment. Urine was collected during the 15-hour period
by means of an indwelling catheter. Urine and blood samples
were analy-zed by conventional methods..

1, Hematology
White blood cell count and differential, red blood
cell count, esinophile count, hemoglobin content, hematocrit,
platelet count, sedlmenta.tmn rate, and ret:tculocyte percentage.
2. Venous Blood Serum ’
Sodium, potassium, chloride, CO;, pH, O2 content,

oxygen capac1ty, urea nitrogen, total protein, creatinine, calcium
and inorganic phosphorus concentrations. .

16
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3. Urine

Specific gravity, pH, sugar, albumin, examination
of sediment, and 17-hydroxy-corticosteroids. The latter deter-
mination was performed only on the l5-hour test sample and
was done by a modification of the Porter-Silber technique,

III. RESULTS

It will be noted from Table I that the subjects withstood
the test in good physical condition, with the exception of edema
of the penis due to suit stricture in one subject in both the 20%
and 100% Oy tests, and foot edema in three subjects caused
-apparently by the ankle restraint bar. It is interesting that the
greatest body weight loss occurred during test Number 8 when
4.68% of total body weight was lost during the 15 hour and 15
minute test, All subjects consumed approximately one liter of

"water during the test with the exception of subject Number 32
in test Number 1,

The ranges, means, and standard deviatioris of the physio-
logical measures were computed for the 20% O, and 100% O3
environments and are presented in Tables II and III, respec-
tively. These means were computed by averaging only that
recorded vital sign data collected every 15 minutes (N) during
each test. It will be noted that there is consistently a marked
decrease in the mean heart rate in 100% O, as compared to
the control test condition in 20% O,.

Two of the subjects (No. 35 and No, 46) exhibited no signifi-
cant change in average respiratory rate over that of the 20%
oxygen environment when subjécted to pure oxygen. Two other
subjects (No. 32 and 42) exhibited relative tachypnea when
subjected to the pure oxygen environment, This tachypneic
response would appear significant even though the overall aver-
age respiratory rate showed no significant increase in 100%
oxygen (see Tables V and VI).

The average skin temparatures exhibited a slight rise
in 100% oxygen experiments, but neither this nor the average
rectal temperatures should be considered to have changed
significantly in the 100% oxygen environment (Tables V and
VI). This lack of significance is due to approximately equal
fluctuation in both directions in the two different environments,

Table IV lists the mean difference, 20% O, vs. 100% O,
standard error of mean for 20% O, and 100% O, and the results
of 't'" tests of these intra-animal analyses of the physiological
measures. All measures were statistically significant at the .01

or ,05 level with the exception of respiration in tests 2, 3,6 and 7,
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SUMMARY OF PHYSICAL EXAMINATION DATA ' -

Test  Subject Physical Condition Body Weight
No, No. Pre-Test Post-Test Loss Condition Test
1l 32 Good Good 2.4% 20% 0,

Marked edema
of pernis due
to stricture

of suit ‘

{
2 35 Good Good T 4,34% 20% 0,
3 42 Good Good 0,98% 100% 0,

Moderate edema
of both feet

Y u6 Good Good 3.19% 100% 0, .
Slight edema ‘ '
of feet

5 32 Good | Good : 2.u% 100%*02

Marked edema of
penis due to
stricture of suit,
edema‘of'fegt

6 35 Good Good 4, 34% 100% 0,
7 42 Good Good . 1,.85% 20% 02
8 46 Good Good 4.,68% . 2080, < b
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TABLE II

ANALYSIS OF PHYSIOLOGICAL DATA
(20% Oxygen, l4.7 psi, BO°F, 50% RH)

Test Sﬁbjecf

198,6-100.3

Measure No. No. Sex N Range Mean SD

Heért Rate | | |

Beats/Min 1 a2 M 82 75-189 113.0 30,12
2 .35 F. | 62 84-174 106.5 21,12
7 42 M 61 77-132 108,3 11,86
8 46 F 62  63-117 80.9 14,70

Respiration oo

Breaths/Min, 1 32 Mo 62 18-62 33.0° 13,42
2 35 :F‘ 62 24-48 32.7 5,72
7 42 M 59 16-32 26,9  2.31
8 46. F 62 12-45 24,7  7.66

" Skin Temp. : ,

Degree F, 1 32 M 62  94,8-101,3 97.0  1.84
2 35 F 62  95,4-98,8 96.6 . 843
7 42 M 61  96.,5-100.0 98,1 1.17
8 46 F 62 97.4-100,2 98,2 870

Rectal Temp, »

Degrees . 1 32 M 11 99,6-100.6  99.9 <249
2 15 F 62  98.6-100.6  99.4 .633
7 42 :M 62  98.3-101.0 99,5 .918
8 ug 62 99 .4 612
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TABLE III

ANALYSIS OF PHYSIOLOGICAL DATA
(100% Oxygen, 14,7 psi, 80°F, 50% RH)

Test Sdbject

Measure ‘No,  No. N Range Mean sb

‘Heart Rate

Beats/Min. 5 32 61  72-147 97,4 20,57
6 .35 62  71-137 88.2 13,27

3 u2 62 60-129 81,8 12,00
Ty u6 61  62-135 76,2 13.42

Respiration _ . .

Breaths/Min, 5 32 62 21-78 37.0 15.18
6 35 62 2u4-u9 31,9 5,10
3 42 62  21-56 30,6  7.55
M 46 62  16-48 23.3  5.49

Skin Temp. :

Degrees F. 5 32 62  96,9-101.8 98,6 1,50
6 3s 62  97.8-100.1 98,5 621
3 Y2 62  96.1-98,6 97,2 .881
4 46 62  96.6-99,0 97.4 .728

Rectal Temp.

Degrees F, 5 32 10 98.6-99.5 ‘98,9 230
6 as. 62  98,0-100,0 98,8 642
3 42 62  99,9-101,3 99,9 o741
4 46 62 743

20
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TABLE IV

RESULTS OF t TEST ON PHYSIOLOGICAL MEASURES
(14,7 psi, 80°F, 50% RH)

Mean
Difference 1
Subject Tests  20% vs. SE m™ SE m

Measure No. No, 100% 0y 20% » 100% t

Heart Rate : ' :

Beats/Min 32 1-5 15.6. 3,827 2,633 3,53%%
35 2-6 18.3 ‘ 2,683 1.686 3,317%%
42 7-3 26.5. 1.518 1,524 2,223%
46 8-4 4,7 1,867 1,718 4, TG T

Respiration : ‘

Breaths/Min, 32 -5 -4,0 1,705 1,928 3,384
35 2-6 0.8 - .726 648 1,46
42 7-3 -3.7 ©.300 .959 1.12

‘Skin Temp.

Degrees F. 32 1-5 -1.6 .233 .190 21, 47%%
35 2-6 -1.9 . W1071 789 10,80%%
42 7-3 0.9 149 V1119 1k, luwk
u6 8-u 0.8 .085 .925 11, 5k

Rectal Temp.

Degrees [, 32 1-5 1.0 075 .0727 2.16%
35 2-6 0.6 .0804 8157  13,52%%
u2 7-3 -0.4 .1166 0941 6,07k
46 8-4. -0.6 .0777 0601 10,244

®# P < ,05

#% P < ,01

J\
1 - SE m (Standard Error of Mean) = vN-l

21
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Appendix III contains graphs. of the physiological and
environmental data for each of the tests. The environmental
parameters plotted concurrently with the physiological ones
were chamber temperature, %CO,, and %O,. Pressure and
relative humidity remained within established limits (760 mm

Hg + 1 mm Hg, 50% relative humidity * 5%).

Figure 9 presents a composite graph of physiological data
derived from the four control tests, i.e., at 760 mm Hg, 20% O,.
Figure 10 presents a composite graph of physiological data
derived from the four experimental tests, i.e., at 760 mm Hg,
100% O,. The solid curves connect points which are the arith-
metic mean for comparable successive 15 minute readings for
each chimpanzee for its respective 15 hour and 15 minute test .
periods. Since it was not possible to start all tests at precisely
the same time of day, it was necessary to plot the composite
data in terms of hypothetical starting time of 1000 hours.

It is apparent from the rectal temperature curves of Fig-

‘ures 9 and 10 that a diurnal cycle in the chimpanzee is evident.

The skin temperatures of the chimpanzees in these tests average

_approximately 1 to 2°F below that of the rectal temperatures,

Tables V and VI contain statistical summaries of the average
physiological measures obtained from the four animals in 20%
O, control conditions and the same four animals in 100% O,
test conditions., It will be noted that the mean heart rate is
higher in the 20% O vs. 100% O,. Respiration and rectal and
skin temperatures are slightly higher in the 100% O, condition,

TABLE V

SUMMARY OF PHYSIOLOGICAL MEASURES
(20% Oxygen, 14,7 psi, 80°F; 50% RH)

Measure N ' Range ' Mean Sﬁ
Heart Rate

Beats/Min, 247 63-189 102.1 24,2
Respiration

Breaths/Min 245 . 12-62 29,4 8,96
Skin Temp. ‘
Degrees F, 247 94,8-101.3 97.47 1,549

Rectal Temp. .
Degrees F. 197 98.3-101,.0 99,50 774
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TABLE VI

SUMMARY OF PHYSIOLOGICAL MEASURES
(100% Oxygen, 14,7 psi, 80°F, 50% RH)

.Measure N, Range " Mean SD
Heart Rate B

Beats/Min 2u6 60-147 86,0 16537
‘ Respiration ‘

Breaths/Min, 2u8 16=48 30.7 10,48
. Skin Temp. ' )
Degrees F, 248 96.1-101,.8 97,90 1.216

Rectal Temp. 7
‘Degrees F, 196 98,6-101,8 99,53 T.1

Page 86, Appendix III, provides an overall summary of the
tests conducted in 20% vs. 100% O, and summarizes the mean

difference of 20% vs. 100% O,, standard error of mean differ-

ence, and the results of 't' testing on the inter-animal analyses
of the physiological measures. Only the heart and respiration

. rates exhibit statistically significant differences (0.001 level)

in the two environments.

Figure 11 presents composite graphs of physiological data
obtained from the means of the fifteen minute pre- during, and
post- "work periods'' for the five "work sessions'' from each of
the four control tests and four experimental tests in 100% O,.
With the exception of the first session, the mean heart rate was
higher in the 20% oxygen environment. In the fifth session in
the 20% oxygen environment the heart rate was the greatest

. during the post ''work period,'* while all other heart rates both
.in the 20% and 100% oxygen environment were highest during the

work period. Respiration rates averaged higher in 20% oxygen
during the first session, but in all other sessions they were
higher in 100% oxygen. Rectal temperature remained consis-
tently higher in the 100% oxygen environiment, Average skin

23
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temperatures during the 20% O, test exhibited very little dif-
ference from the 100% O; test 5uringl session one and two but
higher readings were maintained in 100% 02 for the remaining

" three sessions.

Appendix V contains graphs of the physiological data from
both 20% and 100% O, tests for each animal showing the means
for the five "work sessions' (pre, during, post). On animal
No, 46, during the first session, the 15 minute post-mean for
respiration is absent. This was due to the respiration tracing
being illegible. Rectal temperatures were not recorded in
the test period in 100% oxygen for animal No, 32. The probe
was inadvertently expelled from the rectum prior to the first
session in 100% oxygen. Appendix IV contains graphs of the °
physiological data for each of the five ''work periods' for each
test, ’

Tables VII and VIO depict hematological and urinalysis ,
data. Absolute polymorphonuclear leukocyte and '"mononuclear'
concentrations were determined by percentage calculation, as
observed on 200 counted white blood cells on a Wright's stained
smear. Lymphocytes are often difficult or impossible to dis-
tinguish from monocytes in chimpanzee blood. They have thus
been lumped together as ''mononuclears'' for our purposes.
The hematological data obtained from subject No. 42 is essen-
tially worthless due to clotting of the pre-run oxalated blood
sample prior to this subject's 100% oxygen test period. Only
that data which would be considered abnormal is tabulated from

_each pre- and post-test urinalysis.

Immediate pre- and post-test serum biochemical levels
are recorded in Table IX, Table X exhibits the 17-hydroxy
corticosteroid excretion during each. 15 hour and 15 minute
test calculated on a 24-hour basis,

Hematological and serum biochemical values from each
of the four chimpanzee subjects for a period of 12 months
prior to, and 6 months following their use as subjects for these
chamber tests were analyzed, The ranges and medians of

these values are recorded in Appendix VI, Only those values

obtained from blood samples taken for routine hematological
and serum biochemical determinations were used in these
analyses. Results from those blood studies done because the
animal was clinically ill or when that particular animal was
used as a subject for other experiments were not incorporated
into this data. "N'' gignifies the number of values from which
each individual range and median were calculated.
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TABLE VII
HEMATOLOGY "
Venous Blood
: i ‘ Hemo- = 02 ' - Oé ‘ -
: Subject No. RBC 3 globin  Herit Retics Content Capacity
i Environment Mil/mm em % % ‘% RBC Vol % Vol %
) " - - - — - -
2 No. 32
j 20% 0,
3 Pre 5.82 15,2% ygk 0.1 4,1 20.4
|
i 100% 02 o
i Post 4,20 14,1 45 p.1 14,9 22.4
; .
]
i No., 25
20% 0, 7
Pre 3,13%% 12.6 40 0.35 10.6 19,3
Post 4,16 1109 39 - §5.5 17.3 \
100%02
Pre 3.84% 13,0 41 0.15 clotted clotted
Post 4,90 13,0 41 0.3 8.0 21,8 . .
No, 42
20% 0,
. Pre H.OO* 1"". 1 "‘5 0.3 lloo 19.0
; Post . 4469 14,1 4 - 8.6 20.3
; ,
; 100% 0,
i Pre clotted clotted clotted clotted clotted clotted
Post 5.24 lu.4 46 0.05 - - :
{
; No, u6 g
| 20% 0, ‘ !
| Pre 3.77% 13,08 41 0.3 13.6 21.2 i
' Post 3.6u% 13,0% 41 0.15 clotted 19.6 :
100% 0, |
Pre 6.31 15,2 ug 1,05 19,8 27.4
Post 5.62 13.7 ‘ua - 7.4 20,0
% Concentration above or below the usual range of this particular
animal. .
#% The reliability of this value, although duplicated, is doubtful -

; because of suspected partial clotting of the specimen.
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HEMATALOGY (CONTINUED) AND- URINALYSES

TABLE VIII

Immature  Mono- Sed
Subject No, WBC Polys. Polys. nuclears. Eosin Rate
‘Environment Jwm3 /nm3 /om’ /mem3 fom3 _mm/he ipine.
No. 32
208 0, ‘ , .
‘Pre 22400% 1480 7% 1347% S4s9 gk 6% WBC: 1-3
Post 11628 6452 291 4853 57 -6, ‘Negative
1008 0, . $
Pre 12400 6014 124 6138 231 12 WBC: Tare
Post 156085 8904 us2 8670 169 [} WBC: . 0CCey
. RBC:  many
No. 35
‘208 0y ] ' .
Pre 41700% 3003y». S00u® 6047 1043% (11 Casts: occ
‘Post 21800 16132¢ 654 4796 uge LT3 WBC: 1-2,
RBC: 000,
1008 0, , t _
Pre 18800 $828. 2444k 10152¢ 55 ™ WBC: oce
‘ ‘ RBC: oce
Post 7150 1100, 1287% 4812 - - WBC: 2030
Alb: 1+
‘No. 42
208 O ) ‘ ;
meERmoom mom L L m
Post 12080 5798 108 : - : BBC:  Seb
‘Casts: .occ
100%. O, . . . . . .
Pre. 2 Clotted Clotted c:l:;t-d c;:;;od cm:tod g.ettod :;g:tinm
Post 8150 1m2 09. ‘ RBC:  occ
Casts: rave
Ab: 1+
‘"700 46
20% O " ) 5-20
Pre 2 23075% 18229% 1500% 24234 28% kL m: :’ 2
Post 18450 10516 185 7388 680%™ 254 WBC: 15-?0
1008 0, ‘
: " * 2850 230 n WBC:  rare
Pre 23750% 18525 2256 Caste: rare
Post 29550+ 19946+ 2660% 69uu s5# 1o No specimen -

#Concentration above or below the usual range of this particular animal.
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TABLE IX

SERUM BIOCHEMICAL LEVELS - VENOUS BLOOD

K Ya € . Urea N  Total Pro- Creatinine Ca P

Subject ¥o, ‘ooi

hvimnt‘ Vol S  mEQ/L  wEQ/L  wEQ/L o gt teingmt - wmgh gt g

No. 32 '

208 0, ,

Pre 68,8 4.7 7 100,8  7,25% 9,3 7.9% R W 1] 11.8% 3,5

Post 62,0 S.Sk% 1554 1010  7.81% 10,7 8.2¢ 1,50 11,3 8, 7%

1008 0, ‘

Pre 58,2 §,00 12 101, 7.8 9.1 7.8% 1.5% 11.9% 3.6

Post 63,0 -5.e 188 00,0  7.,32¢ 9.2 7.2 1.8 11,0% -

No.. 35,

208 0, 4 )

Mre 02,70 N, LY 101.0  7.2%% 13,0 8.0 1,56 10.9 3,9

Post $9,2% 4,7 148 100,0  7.4%0% 12,8 s1 1.8% 0,14 3,7

1008 0, ‘ ,

Pre. 59.8% 9,30 14 01,0 7.37% 12.0 7.9 1.4 10.9 ER

Post | 83,00 20,260 148 99.7  7.80% 10,8 .3 1.2 10.8 s

No, 42

204 0, :

Pre (TN ] 5.0 189¢ 102,0  7.26% 5,60 7.5 B W 10.1 4.0

Post €0.7 5,0 1% 108,060 7,88 9,09 7.68% - L.04 2.9  &a2%

100% 0, ‘ |

Pre .2 5.0 1M 00,8 T8 18° 7.4 VY TR T 7 S X

Post $9,2 .‘ol‘. ALY TMQ.O 'o.x | N 7.8 l-'. 10,1 . 82

Mo, 88 |

208 0, : ) ) :

Pre . 89,2¢ 4.5 182 100,0 T7.48 8.8 7.2 1.0 1048 3.7

Post 68,1 5,0 T 10,2 T.N 9.2 7.3 1.7 10,3 3.7

100% 0, .

Pre 61,0 8.8 139 ™W.S  7.47 8.3 7.8 1.5 10,7 3.7
9.0 7.27% 9,2 7.8 1.7 10.2 3.5

Post: 52,2 S.1% pLJ

# Conocentration or level sbove or below the uul. mp of this particular animal

#4These valuss were duplicated several times -d. no doubt, Tepresent contamiastion. On the day fonuiu
the test, a serum sample from this animal eshibited a potassiom of 3.9 aEq/L.
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TABLE X

17~HYDROXY CORTICOSTEROID EXCRETION

' Sﬁbjéct 17«0H Corticosteroids

No. Excretion/24 Hours® - Remarks.
No, 32 .
20% 0, 2.1 mg/24% hrs Urine volume: 150 ml (feces present)

Edema of penis post-test
Urinated "copiously" 1 hr post-test

100% 0y 7.4 mg/24 hrs : Urine volume: 700 ml
Edema of penis post-test

No, 3§

20% 0, 11,4 mg/24 hrs ~ Uripe volume: 1000 ml collected but
- unable to catheterize

100% 02 4.4 mg/24 hrs Urine volume: 550 ml but some urine

l6ss due to leakage around catheter

No., 42

20%.02 9.0 mg/24% hrs Urine volume: 1000 ml

100% Oé 6.8 mg/2u. hrs Urine volume: 1000 ml

A P

No, u6 B

20% 0, 2,1 mg/24 hrs . Urine volume: 150 ml

100% 02 3.3 mg/24 hrs Urine volume: 300 ml

Subject lacerated finger during test

* Calculated from 15-hour and l5-minute Eolloctions and extrapolated
to a 2i-hour value. -
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v, DISCUSSION

The effects of breathing high concentrations of oxygen
for prolonged periods of time have been studied by many inves-
tigatora with a variety of animals including frogs, turtles,
pigeons, mice, rats, guinea pigs, cats, dogs and monkeys (Ref, 3).
Practically all of these investigations have reported the occur- -
rence of irritation, congestion, edema of the lungs, and even
death following long exposures., The time at which symptoms
appear varies considerably from one species to another, and
there is also a wide variation of susceptibility from one indi-
vidual of a species to another (Ref. 8, 16, 18), Hence it was of
interest to conduct a series of experiments with the chimpan-
zee to determine as quantitatively as possible whether breathing
100%. oxygen at 760 mm Hg for 15 hours is deleterious, since
this could conceivably be the environment and time period of
the count-down ptior to the chimpanzee's being launched into
space.

A, Environmental Parameters

Environmental conditions were maintained throughout
the test with minor deviations from the parameters defined in
the experimental protocol (Appendix I). The following ranges
were closely adhered to in the chamber: 80°F = 1°F, 50%

RH % 5%, CO, not greater than .05%, O + 1% of deuired con-
centration, and pressure + 1 mm Hg. Although instrumentation
was not provided to measure oxygen consumption, it appears
that oxygen consumption from the oxygen bottle pressure .
changes was from 1 to 1.5 cubic feet per hour. Loakago from.
the chamber's system was inliguiﬁcant

B, Instrumentation

Minor instrumentation difficulties were encountered
during the test series. Between 1345 hours and 1400 hours
of the first test, the skin temperature teletherm unit became
erratic and had to be changed (chart No. 1, Appendix III). This
explains the decrease in skin temperature,

During Test No. 4, 28 minutes of information was
lost on magnetic tape caused by a defective direct record
amplifier. However, data were recorded on Sanborn paper.
This loss of information in no way hindered the outcome of
the test, During Test No. 7, ECG leads II and HI were discon-
nected since they were interfering with the tracing from lead 1.

32
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This test was interrupted after 13 hours and 41 minutes when
the respiration readout was lost, ~If:was discovered on opening‘
the chamber door that the subject had disconnected wires
ingide the chamber, Repairs were made and the telt was -
reséumed to completion.,

‘C,. Physiological Parameters
1. Clinical Examination

None of the toxic signs of breathing 100% O
were detected in the four subjects. No lung changes could be
detected either on auscultation or with X-ray. Two subjects,
No. 35 and No. 46, were coughing when the chainber door was
opened, but breath sounds and X-rays remained unremarkable
on follow-up examinations. Comroe et al. point out that roent-
genograms would not detect minor pneumbonic lesions (Ref, 6).

2. Heart Rate

Heart rate data indicated that a significant slowing
of the heart occurred in the 100% O, environment as compared
to an air environment, Bean (Ref, f) and Stadie et al. (Ref. 2)
conclude from extensive search of the literature that the evi-
dence leaves little doubt that breathing O, or hyperoxygenated
air at atmospheric pressure predisposeszto a bradycardia,

3. Respiration

Respiration data indicated that a slight increase
in respiration rate occurred in the 100% O, environment,
Neither dyspnea nor hyperpnea was noted by observers during
the tests. Bean points out (Ref, 3) that the lack of unanimity
among the various reports concerning the effects of Oy admin-
istration on breathing may, perhaps, be attributable to various
influences which make comparison of the reported effects and
final conclusion difficult, if not impossible. The more reliable
evidence indicates these changes are not marked and may be
readily masked by techniques employed in administration and
measurement. Becker-Freyseng and Clamann, serving as
their own experimental subjects, could detect no consistent
change in respiration in 0.9 atmospheres of oxygen for 60 hours
(Ref, 15). Stadie et al. concluded that oxygen appears to' be less

irritating to the res_fratory' system of man than that of other
lpeciel (Ref, Z)
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4, Rectal and Medial Thigh Skin Temperatures

There was no difference noted from the overall
inter-animal statistical evaluation of rectal and skin tempera-

tures in the 100% O O, environment, Tables V and VI show that

the slight increases in mean rectal and skin temperatures in
100% Oz, when compared with 20% O,, was not statistically
significant. Thus, this fails to confirm the findings of other
workers. Bert found that animals exposed to pressures of
oxygen at one atmosphere exhibited a fall in body temperature
(Ref, 1), Hill and Macleod observed that oxygen at or above
one atmosphere lowered the body temperature in mice, rats,
and young rabbits (Ref. 16). Becker-Freyseng and Clamann
observed a lowering of their body temperature during the first
24 hours of exposure to 90% O, at atmospheric pressure
(Ref. 15). Ohlsson observed that the body temperature of
human subjects showed no change that could be interpreted as
due to exposure to oxygen after continuous exposure for 53-57
hours to 78-88% oxygen (Ref, 4).

Archibald and Ward noted in their temperature-

humidity tolerance studies that the high point of the diurnal

temperature cycle in chimpanzees occurs around noon and the
low point.-at about midnight (Ref. 13). The result from these
tests show that the high point of the measured cycles occurs
around 1545 hours for skin temperature and 1400 hours for
rectal temperature; and the low point occurred around 2200
hours for both rectal and skin temperature, The difference
between skin and rectal temperature at the high points may
possibly be explained by the erratic readings from the defective

teletherm used in test one. Since the animals were required to

perform psychomotor tasks during these tests, the true diurnal -
cycle was poesibly masked,

5. Body Weight

Three out of four animals lost an essentially
equal proportion of their body weights in the two environments
(see Table I). Subject No, 46 lost the most weight in the 20% O3
environment. It was interesting to note that subject No, 32 lost
equal amounts of body weight in both tests. In one test he in-
gested no water while in the other he consumed approximately
one liter, This acute loss of body weight is due to dehydration,
Adolph states that a loss of 1% of the body water of man causes

a noticeable disturbance and that a 5% loss in body weight indi-
cates serious dehydration (Ref. 17). The results from this test

did not agree with Adolph in that the chimpansee was in good
phyoical condition upon post-physical examination.
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6, Work Session

Although not in tabular form, the grand mean heart
rate of all work sessions in 100% Oz shows a marked decrease
from that in 20% O tests. There was a slight increase in
respiration rate and in rectal and skin temperatures in the
1005 O tests. This was comparable to the overall evaluation
ofn the 15 minute readings in both environments (Tablel V and
1" .

a, Heart Rate

From the overall analysis of the means

during each session (Fig, 11), heart rate was the highest during .

the work period with the exception of the fifth session in 20%
O,, when it was highest during the 15 minute post-work period.
Two animals, No, 32 and No, 42 (Appendix V), exhibited the
highest reading during the post-work period (20% O,), account-
ing for the elevated mean value. There was a relatfve brady-
cardia in 100% oxygen,

b, Respiration

: The respiration rate was slightly higher
during work sessions except for the first session where reopl-
ration wag higher in the 100% O, environment.

c. Rectal Temperature

With the exception of the firast session, rectal
temperature increased slightly in most instances during the
post-work period, and it was the highest in the 100% O, environ-
ment.

d., Skin Tempevrature

Skin temperature from three of the five ses-
sions was higher in 100% O, envircnment.

D. Blood and Urine Analyses

The hematological response to breathing high concen-
trations of oxygen at sea level pressures has been thoroughly
documented, It would seem that Chlsson's (Ref. 4) conception
of these blood changes occurring in three successive and well
defined stages has some merit. His review cites investigations
with both human and animal subjects that exhibited a rapid
decrease in erythrocyte concentration after exposure to pure
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oxygen., This first stage is reflected by a fall in the hemoglobin
concentration within 15 minutes of breathing oxygen and persists
for up to a few hours, This stage is followed by one lasting up _
to 48 hours, during which the formed elements of the blood return

to and remain at normal levels, The third stage coincides with

‘the development of demonstrable lung pathology and consists

of a hemoconcentration which persists throughout the terminal
period until death ensues., The increase in the oxygen-carrying
capacity of blood described (Ref, 8) in dogs respiring high
concentrations of oxygen until lung pathology becomes evident,
probably reflects this hemoconcentration, This hemoconcen-
tration does not occur in a 100% oxygen environment if the total
gaseous pressure approximates that of the partial pressure of
oxygen at sea level; this same environment produces no pathology

" over long periods of time in man (Ref, 24) or in rats (Ref, 25).

Probably the most comparable stuci‘}? to this one is that

" of Comroe et al, (Ref, 6) who did hematological studies on many

healthy, young men before and following 24-hour exposures to
'100% oxygen at one atmosphere, They were unable to fird any
significant changes in the hematocrit or in hemoglobin, erythro-
cyte, and leukocyte concentrations (Ohlsson's second stage).

.Behnke et al, (Ref, 21) did record a definite trénd toward a

leukocytosIs in human subjects in a similar atmosphere, but
their experiments were of much shorter duration and there was
no attempt towards establishing controls. ‘

Karsner (Ref, 19) described no consistent alteration in
the peripheral blood concentrations of erythrocytes, leukocytes,
and hemoglobin of rabbits exposed to 80-96% oxygen at one
atmosphere, even in those animals which had reached the
pathology-demonstrable, terminal stage. Campbell (Ref, 20)
obgerved a significant and sustained drop in hemoglobin and’
erythrocyte concentrations in rabbits, but in his experiments

‘the oxygen content of the inspired air was not sufficient to cause

any lung pathology, éven after several days, Ohlsson (Ref. 4)
could demonstrate no consistent hematological change in human
subjects breathing 82-84% oxygen at one atmosphere for 53 hours.

Chemical studies of tissues of animals subjécted to
increased tensions of oxygen have been limited, There is a
definite tendency toward retention of COz and O, in tissues
including the venous blood of such subjects (Ref, 4, 20, 22, 23).
Probably a concomitant result of the hemoconcentration is the
slight rise (Ref. 4, 8) in blood non-protein nitrogen and serum
proteins coincident with a high oxygen environment. Ohlsson
recorded (Ref, 4) a rather marked increase in serum total base
concentration in two human subjects after two days in 82-84%
oxygen at atmospheric pressures. : o
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Rather marked alterations in both the hematological
and serum biochemical values are evident on cursory exami-
nation of Tables VII, VIII, and IX, Thus it would appear that
a 20% oxygen environment invariably was accompanied by a
decrease in total circulating leukocyte concentrations, whereas
a 100% oxygen environment usually caused the opposite, Closer
scrutiny of the values, especially when compared to the median
and range of white blood cell concentrations (see Appendix VI),
revealed that the total white blood cell counts were abnormally
increased at the beginning of most of the experiments. In fact,
hematological and serum biochemical values were more often
outside of the recorded ranges (Appendix VI) for each individual
chimpanzee (see figures marked with an asterisk in Tables VI,
VI, and IX) prior to the 15 hour and 15 minutes experiments
than immaediately upon removal from the chamber environmént,

. Less significance is in this way attached to the several apparent

reverse tendencies in the two environments, e.g., that of the
beginning leukocytosis returning towards normal levels, as
reflected mainly in mature and immature polymorphonuclear

. leukocytes, in the 20% oxygen, and the tendency in the 100%

oxygen for the animals to exhibit a lymphocytosis. Similar
statements can be made concerning some apparent tendencies
in serum biochemical changes,

Probably a better means of illustrating how these
many apparently significant tendencies really amount to nothing
is a chart included within Appendix VI. This chart exhibits all
directions of possibly significant changes between pre- and"
postetest blood samples of the hematological and serum bio-
chemical values. Since those directional changes from pre-test
levels outside of the recorded range for each individual animal
(suggesting much pre-test stress) could be attributed as well

- to a healthy environment as an unhealthy one causing blood

alterations, these changes must not be considered. These
changes are thus given no more weight in the Appendix VI chart
than those values which evidenced no essential change during
the 15 hour and 15 minute restraint period, It can be readily
appreciated from this chart that no consistent hematological

or serum biochemical change was demonstrated with restraint
in either a 100% or 20% oxygen environment at 14,7 psi..

Table VII exhibits data on percent (of total red blood

~ cells) reticulocytes as well as oxygen content and capacity

(determined by manometric means) of venous blood samples;.

-there is not enough information on these variables to speak of

their normal ranges in these particular animals, However, no
tendeéncy in either direction occurred with these variables in
either oxygen environment.
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The same may be said for the urinalysis data recorded
in Table VIII, There would occasionally appear to be more
cells in the post-experiment sample, but this could very well

have resulted from urinary bladder catheterization,

Excretion of 17-OH corticosteroids exhibited rather
marked changes in the two oxygen environments; however, the
directional change in excretion varied. The quantitative excre-
tions of these steroids were well within the normal limits estab-
lished in our laboratories for restrained chimpanzees.

It can be appreciated that the unfortunate limitation
of numbers of experiments on a limited number of chimpanzee
subjects might readily lend insignificance to many measurable
changes which, were greater numbers of subjects used in the
design of this study, may have proved significant. Unlike the-
evaluation of continuous recordings of physiological data, this
is particularly the situation in evaluating hematological and
serum biochemical changes, since these evaluations perforce
must be made from the analysis of a restricted number of
specimens, Moreover, the characters of the formed and chemi-
cal constituents of blood at any one time are determined not
only by the effects of any particular controlled variable in the
animal's environment, but are subject to many subtle and more
difficultly controlled variables such as the conditions and time
of animal restraint prior to the drawing of the sample, incalcu-
lable anxiety of the subject at the time the specimen ia obi:a:lned
etc.

Further, it must be stressed that many poorly con=-
trolled factors are at work from the time the blood samples
are taken until the specific determinations are performed on
them, These factors are notorious for going unnoticed in all
studies similar to this one and include difficulty in obtaining
sufficient blood samples, requiring, occasionally, several inde-
pendent venipunctures, changeable concentrations of elements
in venous blood samples secondary to variabilities in time of

_ tourniquet compression, variable conditions and time in trans-

port of blood samples to the laboratory, and the variations
inherent in the technical determinations themselves.

Every means was used to control these and other
variables, Thus, all hematological and biochemical determi-
nations were duplicated, and all values, even the apparently
aberrant ones, were reproduced closely. Sera were separated
from their clot exactly 45 minutes following the venipuncture,
Those determinations which have been shown to change rapidly
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with time, such as platelet ccunts, serum pH, serum COZ»,. and.

- blood O,, were performed within two hours after the receipt

of the specimen in the laboratory.

It can be stated, however, that the most poorly con-
trolled variable and the one most reflected in the total blood
picture was that of the invariably prolonged preparation to
which eaci animal was subjected prior to each experiment, If
no other significance has been shown in these blood studies,
they do serve tu point up how liable these chimpanzee blood
values are to the effects of handling and instrumentation pro-
cedures. These pre-experiment factors might very well be
borne in mind in assessing the physiological measures as well,

V. CONCLUSIONS

Restraint and isolation of immature chimpanzees in a 100%
oxygen environment caused a relative bradycardia and tachypnea
compared to those rates in the same animals in a 20% oxygen
environment. Changes in the other physiological parameters
measured, varied inconsistently in the two énvironments; how-
ever, body temperature exhibited a diurnal variation.

Appreciation of many other possible subtle differences in
physiological alterations within the two oxygen environments
was made difficult by the fact that the subjects in many of the
tests evidenced much greater indications of stress at the be-
ginning of the experiments than toward its termination. The
physical and psychological traumas associated with the one or
more hours necessary for instrumentation, suiting, and final
restraining of each animal subject were no doubt the cause of
many of the abnormal physiologi¢cal, hematological, and serum
biochemical values at the beginning of the experiments. It is
fair to state, however, that an immature chimpanzee can toler-
ate well a 100% oxygen environment physiologically, hematologi-
cally, and biochémically for 15 hours and 15 minutes.
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APPENDIX I

Experimental Protocol#

%Experimental Protocol, Chimpanzee Tolerance Studies of Breathing
100% Oxygen at 15 PSI, Project 6892 - Bio-Medical Test and
Techniques for Advanced Vehicles. Task 689202 - Altered Environ-
ments for Biolopical Specimens, Report dated August 1961 by
Thomas L. Gleason, I1I, Captain, USAF, MSC.
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I. INTRODUCTION

Based on the existing commitment of Aeromédical‘?ield
Laboratory- to. support Project ABC, an invest;gation is requested
to determine the effects of chimpanzee breathing 100% oxygen. at
760 mm Hg (15 psi) for 15 hours. . This will simulate the environ-
ment that the chimpanzee will be subjected to during the count-
down time before the orbital shot. .
II.. TEST OBJECTIVES

The objective of this series of tests is to determine the
deleterious effect of 100% oxygen on the chimpanzee at 760 mm
Hg (15 psi) by the evaluation of physiological and psychomotor
performance data.,
III. REQUIREMENTS

Instrumentation Support

A, Instrumentation will be. provided to sense, monitor,
and record the following parameters from chimpanzee subjects:

“1l. On magnetic tape

a, ECG I, II, and ITI
b. Respiration - copper sulfate sensor
c. Skin temperature
d. Rectal temperature
e, Four channels psychomotor
f. Programmer
g. Time
h. Voice

N on‘Sanﬁorn
a. ECG I and III
b. Respiration - copper sulfate sensor
c. Four channels of psychom;tan
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3, Reétal and skin temperatures teletherm (manual
readout)
B, Chamber temperature and relative humidity (RH), oxygen,
carbon dioxide values will be sensed, recorded, and controlled
within the following limits:

1. Temperature: B80°F t 1°F

2. Relative humidity: 50% t 5%

3. Pressure: 760 mm Hg ¢t 1 mm Hg

4, Atmosphere: 20% 0, ¢ 1%, 1‘00%\02 1%
5. CO,: 0,5% ¢ ,05% '

C. A block diagram of the instrumentation to be used in
these tests is shown in Figure 1.

IV,  RESPONSIBILITIES

A. Captain Gleason will have responsibility for overall
supervision and conducting of the tests. He will be assisted
by Captain Roper, Evaluation of physiological data, psychomotor
data and the preparation of reports will be the joint responsi-
bility of the Physiology Section and Comparative Psychology
Branch, Data reduction for the physiological data will be
accompiished by Computation Division (MDRGC). The type of
instrumentation to be used will be determined jointly by the
Chiefs of Astroecology, Bioinstrumentation and Comparative Psy-
chology Branches,

B. Land-Air, Inc.

1. Land=Air will be utilized to install, calibrate,
check out, monitor and maintain physiological monitoring instru-
mentation. They will furnish the necessary personnel to provide
this service.

2. Still and Cine photographic coverage, both black
and white and color, will be required to.document any malfunction
of equipment and to provide a visual record of chimpanzee behavior.

C. Environmental Test Section

1. Furnish G. E. chamber program, and maintain the

. followihg environmental parameters:

47

S B R

gremen




FIGURE 1 » FR«1100 RECORDING SYSTEM BLOCK DIAGRAM
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a. Temperature-humidity 80°F - 50% RH
b. 760 mm Hg (15 psi)

c. Gaseous environment: Four tests at 26% 02;
four tests at 100% O,.

d. Monitor CO, level and record 0; level,
D. Veterinary Services Branch will:

1. Perform subject pre~ and post-test physical exami-
nations, Attach physiological sensors and aid in restraint of
the subjects., Physical examinations will include chest x-rays
(pre and post). One veterinarian will .be on call during each
flight for immediate consultation. A veterinary technician will
be on duty for duration of test, The Veterinary Services Branch
has sole responsibility for the well-being of the animal subject.

2, Collect, process and perform preliminary analyses
of blood and urine samples in accordance with the following
instructions., ’

a, Instructions for collection sSchedule for
metabolic profile urine samples: Collect the following urine
samples and deposit them in Clinical Laboratory in Building 1200:

(1) Pre-run urine, obtained at preliminary
catheterization one hour pre-test, This sample will be collected
in a clean, dry container and labelled "Pre-t¢st Sample for

Urinalysis," and with the subject's number, time and date. A

urinalysis will be performed on this specimen.

(2) Experimental sample, obtained via an
indwelling catheter following collection of the "Pre-test Urinary
Sample" to include the entire 15-hour experimental urinary excre-
tion. This sample will be collected in a glass or polyethylene
container (of at least 600 cc capacity) to which has been added
50 cc's of 1 N HCL. This sample will be removed as soon as the
experiment is over and transferr«d to a clean, dry polyethylene
container labelled, "Experimental Sample for Steroids" and with
the subject's number, the exact time period of collection and
date, The catheter will be left indwelling, Quantitative

.steroid determinations will be performed on this specimen.

(3) Post-run sample, obtained during the one

hour period following the collection of the "Experimental Sample."
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This sample will be collected in a clean, dry container labelled
"Post-test Sample for Urinalysis" and with the subject's number,
time period of collection and date. A urinalysis‘'will be per-
formed on this specimen, The urinary catheter will now be
removed.

b. Collect the following blood samples and deposit

them in the Clinical Laboratory in Building 1200:

(1) Pre-test samples, These samples of blood
will be collected immediately prior to closing the chamber before
the experiment. There will be three pre-test blood samples:

(a) Three cc's of oxalated venous blood
with which a complete blood count will .be perform.d.

(b) Five ce's of venous blood will be
collected and allowed to clot under oil, Biochemical analyses
will be performed on the serum of this sample.,

(¢) Four .cover-slip smears will be made
from non oxalated venous blood, Blood morphology will be studied
from these smears.

(d) Five ce's of oxalated venous blood
will be drawn in an oiled syringe and transferred to a tube con-
taining 6il. Blood oxygen will be performed on this specimen.

(2) Post-test samples.. These samples of
bléod will be collected immediately following the opening of the
chamber after the experiment, There will be four post-test
blood samples collected as outlined under b, (1)(a), (b), (c),
and (d) above.

(3) All blood samples will be labelled with
the subject's number, time and date of collection,

3. Obtain chest x-rays 24 hours post-test. A 24-hour

_post-test follow-up venous blood specimen should be obtained
" for analyses in all subjects exhibiting 24-hour persistence or

formation of any shadows suggestive of pathélogy on chest x-ray
in accordance with 2, b, (1)(a) - (e).

E. Comparative Psychology Branch

1. This branch will furnish one project officer and
two psychology aides per test,
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2, Furnish normal chimpanzees (see Figure 2) that
are restraint adapted to sit quietly for periods up to 2#4 hours,
. and are trained for continuous and.discrete avoidance test.

3, Collection and evaluation of psychomotor data
(continuous and discrete avoidance test) will be the responsi-
bility of this branch.

DAY G.E. CHAMBER 100% 0, G.E. CHAMBER 20% O,
23 October | | Paleface
25 October : Elvis
27 October Roscoe

30. October ' Minnie

1 November: Paleface

3 November Elvis |

6 November | Roscoe

8 November R Minnie

., Figure 2, Test Schedule (Conditions)

V. TEST SCHEDULE GENERAL

One chimpanzee subject will be used on each chamber flight,
‘One: I5<hour chamber flight will be conducted per day, in accord-
‘ance with schedule listed in Figure 2. Subject will be used
in the G. E. chamber at 760 mm Hg (80°F - 50% R.H.), breathing
ambient air (20%) and 100% oxygen in accordancé with schedule
listed in Figure 2.
V1. DETAILED TEST PROCEDURE"

A. Pm-test

1. Completed physical examination of each subject.

2. X-rays of lungs, AP and lateral

Sl
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3 | Restraint and sensor attachments
a, ECG electrodes (ECG reading: '3 standard leads)
bs Respiration sensor
¢+ Thermal sensors
| (1) Rectal temperature thermistor

(2) Skin temperature thermistors (one

- madial thigh)

4, Preparation of animal: The day prior to each test,
the subject should be shaved in a band.l5 cm wide from the arm-
pits downward, completely around his body. The left thigh should
be completely shaved from the groin downward for 10 cm,

5. Check coentinuity and funétion of instrumentation -
at ¢hamber,

"Bu Test

1, Catheterization of bladder, Save cbtained speci-
men., Connect catheter to collection container,

2. Install subject into G. E. chamber,

3, Comnect all instrumentation leads and check-out of
physiological sensors and psychomotor apparatus. ‘

4, Subject will perform psychomotor task for five

‘minutes,

5, Obtain blood samples,
6. Chamber door will be sealed.

7. 6. E. chamber will be flushed with 100% O, and
pressure will be increased to 760 mm Hg (15 pai).

. 8, Record physioclogical data at 15-minute intervals
in task record book,

9, Animals will perform psychomotor task (continuous
and discrete avoidance) acecording to the following schedule:
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10.

11.

indwelling,

0 - 2-3/4 hrs = irest

2-3/4 - 3 hrs first work period
< ; 5-3/4 hrs ‘rest

5-3/4 - 6 hrs second work period

6 - 8-3/4 hrs rest

8-3/4 - 9 hrs third work period

9 = 11-3/4 hrs rest

11-3/4 - 12 hrs fourth work period
12 - l4-3/4 hrs rest

14-3/4 - 15 hrs  fifth work period

15 hrs termination of test,

Chamber will return to ambient altitude.

Obtain test sample of ubine, Léave urinary catheter

C: Post~test

1.

2.

3.

b,

5.

6.

Obtain blood samples

ECG (3 standard)

Obtain one-hour post-urine sample

Complete post-test physical examimatioti of -subject
Chest X-ray

Evaluate data and prepadre preliminary test report

D. 24-Hours Post-test

1,

2,

Chest X-rays

Bloéd samples®

ﬁﬁﬁly"ihfthoée'Subje¢t3~eﬁhibiting post 24-~hour disease.
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E, 48-Hours Post-test#®
1. X-rays
2. Blood samples
F. Conditions Warranting the Cancellation of Test

1. ECG - Heart rate higher than 220 beats per minute
or lower than 60 beats per minute. '

2. Respiration Rate - Respiration higher than 90
bheaths per minute or lower than 12 breaths per minute.

3. Rectal Temperature ~ Temperature above 105°F or
lower than 96.0°F (any sudden rise in temperature should be
carefully monitored).

4, - Skin Temperature - Temperatiure above 103°F or
lower than 88,5°F (any sudden rise in temperature should be
¢carefully monitored).

5. CO, Concentrations. 1.0 - 1.5%. Whenever concen-
tration reaches 0,5% or more, the chamber will be flushed with
100% 0, /atmospheric air. :

6. Any other relatively sharp deviation from the
monitor record (i,e,) any trend from the record of the test in
progress, which in the opinion of the veterinarian on call is a
serious hazard to the health of the animal or indicates that the
test has become invalid.

7. Instrumentation difficulties that require opening
chamber while in 100% O, environment.

8., If animal ceases to perform behavioral program
which in the opinion of the project officer (Comparative Psychol-
ogy Branch) indicates that the test has become invalid.

9, After notifying the veterinarian on call, notify
one of the following in the order below:

a. Captain Gleason GR 3-6252

b, captain Roper GR 3-2323
*5ﬁiy In those éubjpcts exhibiting post 2u-hour disease,

sh
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éw y48-Hours Post-test®
1, X=rays
2. 'Blood samples
F. Conditions Warranting the Cancellation of Test

1. ECG - Heart rate higher than 220 beats per minute
or lower than 60 beats per minute,

2., Respiration Rate - Respiration higher than 90
breaths per minute or lower than 12 breaths per minute,

3. Rectal Temperature - Temperature above 105°F or
lower than 96.0°F (any sudden rise in temperature should be
carefully monitored).

4, Skin Temperature - Temperature above 103°F or
lower than 88,5°F (any sudden rise in temperature should be
carefully monitored),

5. €O, Concentrations 1.0 - 1.5%: Whenever conceri-
tration reaches 0.5% or more, the chamber will be flushed with
100% O, /atmospheric air.

6. Any other relatively sharp deviation from the
monitor record (i.e,) any trend from the record of the test in
progress, which in the opinion of the veterinarian on call is a
serious hazard to the health of the animal or indicates that the
test has become invalid.

7 Instrumentation difficulties that require opening
chamber while in 100% O, environment.

8, If animal ceases to perform behavioral progrim
which in the opinion of the project officer (Comparative Psychol-
ogy Branch) indicates that the test has become invalid.

9., After notifying the veterinarian on call, notify
one of the following in the order below:

a. Captain Gleason GR 3-6252

b, Captain Roper ‘GR 3-2323

®nly In those subjects exhibiting post 2u-hour disease,

Su4
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C. Captain Ward GR 3-2866
d. Major Corkhill GR 3-2986
G, Pensénnel Requirements Based on 24-Hour Shifts
Three project officers - Physiology Section
Six scientific aides (restraint) - Physidlogy‘Section
Electronic technicians as needed - Land-Air, Inc

Chamber operators as needed - Environmental Test
Section

Veterinaryrofficers as needed - Veterinary Services
Branch ‘

Project officers as needed - Comparative-Psychology
Branch

Three~psychqlogisf aides as needed - Comparative
Psychology Branch
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ADDENDUM TO EXPERIMENTAL PROTOCOL

' Automatic Reduction and Analysis
of Physiological and Psychomotor Data:
I, PHYSIOLOGY

\ Six physiological measurements will be recorded: EKG I,
EKG II, EKG III, respiration, rectal temperature, and skin tem-

perature, EKG II and respiration signals wiil be ¢onditioned

by rectifying the respective physiological cycles into square
wave, unit pulses which are counted and averaged into continuous
rate functions. The counting interval is a 15-second sliding
window, EKG I and EKG III have proven to be less reliable as a
source of heart rate but are recorded :to provide the cardiologist
with a complete visual record of each experiment, and to serve

as a back-up in case EKG II is lost.

Condensed time plots of heart rate, respiration rate, skin’
temperature, and rectal temperature will be made during the
analog phase of processing., These four functions will be serially
transmitted into the Event Time Reader (ETR), tabulated, and re-
recorded in digital form on 1103A Univac tape. The Biological
ETR Program (Prichard) compensates for any tape speed ratio other -
than 1l:1 and assigns an item number to each sample and thus
maintains a real time sensing., Each item number corresponds
to 15 seconds of real time, After all physical tapes associated
with a single test are digitized, the data will be merged (Rane)
and stacked (Lotz) so that one tape contains all of the data
from a given tast. This final tape is processed through the
Physiological Intra-Animal Analysis Program (Dennis) which com-
putes the following items for each function during a given test
segment: sample size, range, mean, standard deviation, standard
error of the mean, 1% and 5% confidence limits. The mean and
confidence limits are hand drawn on the time condensed plots to
provide a quick look summary of the entire test. Any part of
the test that proves to be of unusual interest may be recalled
and subjected to the same analysis using smaller segments of
time.

II. PSYCHOMOTOR

Four channels of psychomotor will be reccrded. Only the
Continuous and Discrete Avoidance are used in this test series,
From the original recording, the data will be transmitted
through the ETR at tape speed ratios of up to 128:1, and writ-
ten on Univac tape by the ‘Standard ETR Program (Bliss), To
uncover timing errors, the data are immediately subjected to
the Flag Edit Program (Coffin): and if errors are detected they
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are corrected by the ERT Time Correction routine (Coffin) or
the General Data Edit Program (Coffin). The data are then
processed through the Psychomotor Analysis Program (Dennis and
Neill), which counts pulses, identifies responses and lists
the activity of each work period. The output will include -
basic statistics appropriate to each tabulation,
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APPENDIX 1II

Pre- and Post-Test Physical Examination Data
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PHYSICAL !XA“INATIGN PRE AND PO“’ TEST

{77 oxygen PROJECT/TASK NR ANIMAL TDRNTIFICATION u* - ‘IVMTI
' Toxicity 16892/689201 . - Paleface #32 M 23 October 1961
Study #1 . i 1 . . .

S s su

I SRS

‘A PAST CLINICAL HISTORY

Subject is approximately 6 years, 11 months of age. Last quarterly physical
accomplished 25 September 1961, Utilized as subject for data scquisition
flight #40 on 1 September 1961, No' serious illnesses in past six nonths,

‘ nAj‘rA, _ o » “_.";PR! fﬁi‘l’“_ ] POST TEST -
| welckT/Les | | 61.25 o ‘ 59.75
1 RECTAL TEMP i 5 100,00° 1 100,20°
| BLOOD PRESSURE : ; 178132 . 160/100 -
| PULSE/MIN 106 | 108 V
| mesPiraTiIOWMIN ‘ 32 ' | 28
: . 1F usED mount, TYPE AND TIME!
: A/ ‘ No L None:
: ANEST HESIA/ RESTRAINY SBTERVATION ne : TRV RY IO
E. C. G , ‘ . Instrumented for ECG { Instrumentation intact
4400 MA 6l KVP | S . .
x-ray 1/60 sec, L8" " AP & lateral - normal ‘ fAE’ & lateral - normal -
| MEASUREMENTS PERTINENT TO TEST - j T T o T
N/A
‘REMARKS )
. [Qenecal appearance and mental status, eys, sar, unum. cnest (funge and heart sounda);, abdomen (paipation), extremities ]
' PRE i ‘ ‘ , POST
General appearance - very good | Findings same as pre-test except:
- Ears, eyes, nose and throat - normal . Extremities -
‘ " Penis - marked edema due to stricture
Chest (auscultation) ' : caused by suit : .

Heart - systolic murmur
Lungs - normal

Abdomen (palpation) - normal
Ext-remitie_l'- normal
Mentai Status - quiet

60
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LAIRQTOIY agggmu:wr

NIHATOLOOY (Number ol samples, limes to bo adlodo‘ type and amounte)
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(1) Pre Test (just prior to closing the chamber door)
(a) 5cc clotted in oil
(b) Scc oxalated in oil
(c) Scc oxalated without oil
(d) Siides for Differential Count

(2) Post Test (as soon as the chamber door was opened)
(a) Same as Pre Test

1 URINAL YSIS (Number of ammples, timee to be collested, type and ameunte)

. Subject was catheterized with an in Oﬁlling Folley catheter for continuous urine

collection during the test. For 17 corticosteroid determinations. Also, Pre

: and Post Test urine sariples were collected for urinilyses. =

. Post-Test Itinerary:

' 0200 hrs - chamber opened, subject calm.
' 0208 hrs - blood samples drawn,

| 0230 hrs - arrived at Vivarium.
' 0235 hrs - de-instrumentation~-catheter out at time of post test physical.
02110 hrs - urine in pan filtered through gauze into bottle #2.
- 0245 hrs - second catheterization produced no additional urine,
' 0305 hrs - urinated copiously. Sample obtained for purpose of 1 hr post run test.

/s/
JERRY FINEG
Captain, USAF,

61 chief, Proqect Sunport Section

84, 0" rinarian’/ A sslatint)

WILLIAM E. BRITZ, JR
Captain, USAF, VC
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PHYSICAL !XAMlNA‘l’ION PRE AND POS'I’ 'I’IS'I'

"rm Oxygen

I'ROJICT/TA‘K NR ANIMAL lDlN‘l’l'lCAﬂON !IX, '  QATE
soxaolty 6892/689201 Evis #35 | ¥ |25 october 1961

PAIT CLINICAL HISTORY

| MEASUREMENTS. F!RTIMENT TO TEST

N/A

Last quarterly physical on 18 Ogtober 1961. No illnesses since that time, Used
by Comparative Psychology on 19 October 1961.
DATA ‘ ﬁni_rlgt:, o POST v:iy
V{zlcut/Lus 57% 55
" RecTAL TEMP #° 98.8 100,0
BLOOD PRESSURE 148/128 185/150.
. PULSE/MIN 92 120
RESPIRATION/MIN 28 22
‘| ‘ ¥ USED AMOUNT, TYPE AND TIME Bl ' N
| _ANEST HESIA/RESTRAINT None : None .|
: ; OBSERVATIONS - VAYION '
E. C. G. - Instrumented for ECG | Instrumentation intact "
l;OO MA 6L KVP ‘ '
X-RAY

Ca ! app and

" -REMARKS

) 970, Sar, nOSS “M. chent (luua_,q hoart:

unds), ahdomen (paipation), extremitios]

‘PRE

POST

© General appearance - good

. Mental status - normal
Fyes, ears, nose, throat - normsl
 Lungs - clear

. Heart - normal

Abdomen - normal

~ Extremities - normal

Vagina - normal

62 :

; General appearance - good |
| Mental status - normal
Fyes, ea'ra,; nose, throat - normal
| Lungs - norma1
| Heart - normal
Abdomen - constipated
Extremities + normal N
| Vaginé, - normal
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LABRATORY REQUINEMENTS
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NIHATOLOOY (m-nbu of aamples, times to bo‘a.uoohl. 'W. and amownts)

(1) Pre Test (Just prior to closing the chasber door)

(&) 5cc clotted in oil
(b) Sec oxalated in ofl
(c) 5ecc oxalated without oil
(d) Slides for Differential Count.
(2) Post Test (as soon as the chamber door was opened)
(a) Same as Pre Test

URINAL YSIS (Number of a—l;-. times to be collected, type and ameunte)

" Subject was catheterized with an indwelling Folley catheter for contintous urine

collection during the test. For 17 OH corticosteroid determinations, Also, Pre

 and Post Test urine samples were collected for urinalyses.

" Pre and Post Run Itinerary:

' 'l. Pre<Run

a. Unable to effectively place indwelling catheter,
(1) Urine to be collected in pan under chair
(2) Hel placed in collection pan
(3) Pan placed at 0900 hrs

b. Pre-run urine sample collected 0830 hrs,

"¢. Restraint devices carefully checked to prevent strictures.

d. Instrumentation functional except for foreign noise in ECG; not resolvable
by ingtrumentation technician.

e, Hard foam rubber padding has been added to the seat of the chair since tho‘
23 October run. This will not interfere with urine collection.

f. Capt Reynolds has provided water on this run in an attempt to induco
increased urine output. .

g. 0955: Bleeding of subject accomplished with no camplicationa.

he 0956: Chamber closed.

' 2. Post-Run

a. 0137: Chamber opened.
b. O01l45: Blood samples drawn.
c. 0200: Animal returned to Vivarium,

/s/

JERRY FINEG, Captain, USAF, VC
Chief, Project Support Section
63 ‘Veterina;xf Services Branch

of Veterinarian/ Asslstant)

WILLIAM E. BRITZ, JR
. Captain, USAF, VG




- | PHYSICAL EXAMINATION PRE AND POST TEST

J7esT Oxygen PROJECT/TASK NR ANIMAL IDENTIFICATION 'SEX | DATE

' Toxicity 16892/689201 Roscoe #2 - M [ 28 October 1961
Study #3 | | |

| PAST CLINICAL HISTORY

since that time and he has

Last quarterly physical examination 1l June 1961.
MDRBC 8 September in very poor condition,
| Subject has been convalescing at MDRBL with occasional daily issue to MDRBC

gained 7 pounds.

Subject was returned from
He had lost 12 pounds in 36

days.

DATA

" PRE TEST

. MEASUREMENTS PIHTININT TO TEST

N/A

____POST TEST _

| welGHT/LBS 51 50%

| recTAL TEmp #° 99.0 - '100,3

| eroon PRESSURE. 292/180 (wild) 18h/1h5 (quiet)
‘ PULSE/MIN 124 0 132 . '
- RESPIRATION/MIN 36 22
- IF USED AMOUNT, TYPE AND TIME

___ANESTHESIA/RESTRAINT |______None required =~ . | : .

o T j © [OBSERVATIONS: -OBSERV N

£.c.oa ' Instrumented for ECG Instrumentation intact -

| 400 Ma 6l KTP | ,

_xmay 4P tatersl - nommar | 4P & Lateral - nop

[Oenecat app and meatal stat

» 079 ose, Noes and theost, cnest (lunge and heart

-REMARKS.

unde)s sbdom

n (palpationy, extramitios]

PRE.

POST

General appearance - good

| Mental Status - wild, fighting

' Eyes, ears, nose, throat -
Chest. (auscultation)

Lungs - normal

| Abdomen (palpation) ~ normal

| Pxtremities - normal

Heart - systolic murmur

normal

64

- Findings same as pre-test except:

| Mental Status - much quieter on

examination table

' | Extremities - moderate edema of both

fest
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- HEMATOLOOGY (M of asmples, times te be o.llulo‘. cm .nl -unu) -
" (1) Pre Test (Jjust prior to closing the chamber door)

(a) 5cc clotted in oil

(b) Scc oxalated in oil

(¢) 5cc oxalated without oil

(d) Slides for Differential Count

1 (2) Post Test (as soon as the chamber door was opened)

(a) Same as Pre Test

. URINAL YSIS (Number of samples, times te be collected, type and ameunts)-

. Subject was catheterized with an indwelling Folley catheter for continuous urine

collection during the test. For 17 oH corticosteroid determinations. 4lso, Pre

- and Post Test urine samples were collected for urinalyses.

' Pre-Test:

- Subject catheterized during the entire test for urine collection - #8 Fr Folley
. catheter.

/s/

JERRY FINEG, Captain, USAF, VC
Chief, Project Support Section
65 Veterinarx Services Branch

ture of Veterl arl 'A--lﬁmt}
WILLIAM D. BRITZ, JR
-Captain, USAF, VC )
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, 7 PHYSICAL !‘AMINATION PRE AND. PO’T TIST

TEST Oxygen PROJECT/TASK NR Aomuu. IDENTIFICATION “sex m\u
Toxlecity . % ;
Stady Al : 6892 /689201 Minnie #46 Foo 30 October 1961

PAST CLINICAL HISTORY

since last quarter.

‘Last quarterly physical examinetion - 12 September 1961.
Subject's age:

No serious illnesses

li years and 9 months (approximately).

PRE TRST

DATA POST TRST
- wElGHT/LBS L7 L5
| EcTAL rewr r® 99° 100,5°
' BLOOD PRESSURE 145/115 150/110
| PuLSE/MIN 88 “ 100
| ReseIRATION/MIN ‘ 36 33
‘ F USED AMOUNT, TYPE AND TIME
[ —ANESTHESIA/RESTRAINT ________None required : :
; T ‘OESERVATIONS!, "OBSERVATIONS:
| E.Ci G ~ Instrumented for ECG Instrumentation intact -
; 400 MA 8L, KVP 1 .
__X-RAY 18" . AP & Lateral - normal _AP & Lateral - normal

' MEASUREMENTS PIRTJNINT TO TEST

N/A

[Oenecal app and

REMARKS

o oye, ¢ar, nose dnd m-, onest. (hn‘c and heart ssunda), abdossen (palpation), utnumuj

T PAR

POIT

General appearance - good

Cheat (auscultation)
Lungs - normal

Mental Status - straining.

Abdomen - normal

Fx;trefnit,ies - normal

¥ars, éyes, nose and throat - normal

Heart -~ systolic murmur (loud)

against restraint

‘Occasionsally
hand.

66

: Findings same as pre-test except:
- Extremities - slight edema of feet

| Subject was coughing when door was
opened; however, lung sounds were
normal during the physical examination.

- A deep laceration was observed on the
subject's 2nd finger of the right
Cause unknown.
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LAIRATORY R!WOREM!NTS

THENATOLOGY (Mamber of sampies, fimes 1o b callected, ype wd
| (1) Pre Test (just prior to closing the cham_er door)

| (2) Post Test (as soon as the chamber door wag opened) -

(a) 5ec clotted in oil R -
(b) 5cc oxalated in oil o

(¢) Scc oxalated without oil

(d) Siides for differential count

(a) Same as Pre Test

URINAL YIS (Number of samples, times to be collected, type and amounts)

. Subject was catheterized with an indwelling Folley catheter for continuous urine
| collection during the test. For 17 o corticosteroid determinations. A4lso, Pre
~ and Post Test urine sanmples were collected rqrAurinalyses.

i et 1 0 e e LS o e A e D T P S S = o e S O e NP D Y D D b R e - . o o - - -

Pre-test: Subject catheterized durirng test for urineé collection - #6 Fr. Folley
’ catheter.

: Post-test:

| 0200 hrs. - Blood drawn for laboratory analysis.

; (0210 hrs - Arrived at Vivarium Section and .started de-instrumentation Drocedures.
' 0230 hrs - Accomplished physical examination.
‘ 0300 hrs -

Attempted to collect urine sampleSg but failed,

/s/

JERRY FINQG, Captain, USAF, Ve
Chief, rProject Support Section
67 __eterinary Services Bromeh o oo
(Signatary of Veterinarian/ Acplateant)
WILLIAM %, BRITZ, JR
Captain, SAF C
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PHYSICAL !XAMINA'"ON PRE AND. POS? TIS‘I’

'T!lf Ongn PROJECT/TASK NR ANIMAL - lDl.ﬂ'lﬂc"ﬂon 18eX D’ATI‘. )
. Toxicity 6892/689201 Paleface #32 | M | 1 November 1961
Study #5 . . : R I T
PAST CLINICAL HISTORY ) . :

Subject's age - 6 years and 11 months (approximately) .
Last quarterly physical examination 25 September 1961. No serious illnesses
since that time,
Experimental subject for the following since last physical:
MDRBC - 9 and 10 Oct 61 - training, . :
Oxygen Toxicity Study - Test #1 on 23 Oct 61. No serious after eéffects.

DATA '} — ) PRE TEST ] 1 " POt 'rts"r"
' weiont/ies 623 ~ 61
. rEcTAL TEMP ° _ ‘ 1100.0 98,4
' ‘ ‘ ‘ (Diastolic-| .
BLOOD PRESSURE 240/110° 3rd sound) | 204/160.
_PULSE/MIN ‘ 12 . 136
RESPIRATION/MIN 24 32 ‘
I J 1¥ USED AMOUNT, TYPE AND TiME
ANEST HESIA/ RESTRAINT e “u.v"u'ogmng required —
E.coa Instrumented for ECG | Instrumentation intact
400 MA 6l KVP ~ . .
/60 aac. LB AP & Lateral - normal .

et i g | it 2

R

o e it ooy

REMARKS o
[oeneral app and mental atetus, eys, sar, nose um-. onest (lungs andt heast sounds), sbdomen (paipation), omnmj
) PRE ‘ o : ] . POSY
1 General Appearance - very goqd A1l findings same as pre-test except:
- Mental Status - straining 1 Extrmlities - Penis revealed marked edema|

due to stricture of suit,
Eyes, ears, nose, throat - normal
Feet «dema due to restraint
' Chest (auscultation) ‘ = band.
Heart - systolic murmur
Lungs - clear, normal

 Abdomen (palpation) -~ normal
| Extremities - normal

68
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__LABRATORY_ R!QUII!M!NTS-

) NIMATOLOOY (Nunbeoe of o-.lu. thmes to be colléeted, type and —-uq)
- (1) Pre Test (just prior to closing the chamber door)

(a) 5cc clotted in oil

(b) Sec oxalated in oil

(¢) Scc oxalated without oil

(d) Slides for differential count

 (2) Pogt Test (as soon as the chamber door was opened)

(a) Same as Pre Test

URINAL YSIS (Number of samples, timees 10 be collected, type and amounte)

Subject was catheterized with an indwelling Folley catheter for continuous urine
~ collection during the test. For 17 O corticosteroid determinations. Also, Pre
- and Post Test urine samples were collected for urinalyses.

Subject consumed a full container of water during the test. One hour bost test u
 sample collected from 0200 - 0245 hrs. Urinary catheter came out at 0245 hrs vhe
' the animal strained while ly'ing -on the examination table.

/s/
JERRY FINEG, Captain, USAF, VC
Chief, Project Support Section
69 V‘eterinary Services Branch

olv rinari ’Aulu.n)

WILLIAM ‘E. BRITZ, JR
Captain, USAF, VG
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| PHYSICAL EXAMINATION PRE AND POST TEST

TEST  Oxygen ' PROJECT/TASK NR 'Aulﬂ{\u,i@tﬂlric:uﬂéﬁ Jsax oATE ‘
Toxicity - 6892/689201 Elvis #35 F 3 November 1961
Study #6 : :

PAST CLINICAL HISTORY

Last quarterly physical on 18 October 1961.
by Comparative Psychology on 19 October 1961.
#2 on 25 October 1961, No serious illnesses noted following tests.

No illnesses since that time. ' Used
Subject for Oxygen Toxicity Study

DQTA ] o inpz'r‘_:st’ ! ~ POST TEST

 WEIGHT/LBS 57% 55

" REcTAL TEMP ¢° 98,2 - 100.0 .
8LOOD PRESSURE. 190/155 ‘ 210/130.‘ .

" PULSE/NIN 88 12.8'
| mespiraTiON/MIN 2k 36
g\ IF USED AMOUNT, TYPE AND TIME

| ANESTHESIA/RESTRAINT ‘ ] None ; . None

g GBSERVATIONST "OBIERVATIONS

. EvCe Ge - Instrumented for ECG - Instrumentation intact

LOO MA 6l KVP , ‘ . ' ‘ ‘
. X-RAY 60 mec. L8" (AP & Lateral - normal) " (AP & Lateral -~ normal)

MEASUREWENTS PERTINENT TO TEST (Pre-test /2 Y (Chest 356 hrs post-test)
N/A N/A
’ REMARKS .
[Qeneral ap and s 079, 08r, n0se and throas, cnest (lunge and heart sounds), sbdomen (palp thoa )
PRE : .

quiet

General Appearance - very good

Mental status - Vocalizing, but fairly

Eyes, ears, nose, throat - nasal dis-

Chest (auscultation)
Heart - normal

Fxtremities - normal

charge, very slight. Others normil,

Lungs - Clear, normal

Abdomen (palpation) - normal

70|

A1l findings are same as pre-test except:

Coughing but. lungs sound normal.
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_LABRATORY. REQUIREMENTS

4 NlMATOLOGY (Number of aamples,. times to be ulh“ typo_and amsints)
(1) Pre Test (Jjust prior to closing the chamber door)

(a) Bee clotted in oil

(b) Sec oxalated in oil

(c) 5cc oxalated without oil

(d) Slides for differential count

; (2) Post Test (as soon as the chamber door was opened)

(a) Same as Pre Test

| URINAL YSIS (Number of samples, times to be collected, type and. ameunte)

. Subject was catheterized with an indwelling Folley catheter for continuous urine

collection during the test. For 17 O% corticostercid deteiminationms. Also, Pre

- and Post Test urine samples were collected for urinalyses.

W e wm am mm S Gm R W W S W ar T G W e A W R MR, S M e B B M R M e e e W W W A

Pre-Test: Subject catheterized with #8 Fr Folley catheter for urine collection

during the test,

: P°Sth9§t’ Catheter in place until diaper removed, leaking did occur however.

ls/ .
/ JERRY FINEG, Captain, USAF, VC
~ Chief, Project oupnort oection
n Jmtemmmns_mnch
(Signature of Veterinartan/Assletait)
WILLIAM E, BRITZ, JR
_ Captain, USAF ) Ve
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_PHYSICAL EXAMINATION PRE AND: POST TEST

fTeEsy Oxygen PROJECT/TASK NR ANMAL IDENTIFICATION jsex DATE

Toxiocity ‘ - | ) Coge
study 47 | 8892/685201 Roscos iz | M | 6 Novenber 1961

JPAST CLINICAL HISTORY

Last quarterly physical examination 1L June 1961. Subject was returned from MDRBC

' has been convalescing at MDRBL with occasional daily issue to MDRBC since that time
and he has gained 7 pounds. Experimental test subject for Oxygen Toxicity Study #3

5  on 27 October 1961, No serious effects noted following test.

8 September 1961 in very poor condition. He had lost 12 pounds in 36 days. Subject.

DATA. A ) . PRE THST '_ - . mosYTESY —1
| weieur/Les I : Sh f: . . 53
| rEcTa: vewe ¢® 100.8 ‘ 98.8
. BLOOD PRESSURE : ’ 168/132 | 145/118
PULSE/MIN ' 116 | 120
 RESPIRATION/MIN 32 2
1 " USED AMOUNT, TYPE AND TIME
. ANEST HESIA/RESTRAINT . ‘ None _ ) . None:
E. C. G. ' ~Instrumented for ECG - Instrumentation intact
x-rav_1/60 sec. 48" | Pre-test Chest - dtd 26 Oct ] 36 hour post - Chest
MEASUREMENTS PERTINENT TO TEST - ‘ o
N/A N/A
-REMARKS
Ce ! appi and mental ota .n.o-.nn-ul-u. onvet (funge and heart svunde), abdomen (patpation), uu—muj B
PRE 4 . mOST
| General Appearance - good . All findings same as Pre-Test,
| Mental status - fairly quiet  Subject very quiet during Post-Test

physical examination.
' Eyes, ears, nose, throat - normal
. Subject catheterized with #8 Fr. Folley
' Chest (auscultation) catheter during test.
‘ Heart ~ systolic murmur ‘

Lungs - normal

. Abdomen (palpation) - normal
. Extreémities - normal

72|
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LABRATORY REQUIREMENTS

HEMATOL OGY (Number of samples, timee to bo csllosied, yps ind dmewita) )
(1) Pre Test (just prior to closing the chamber door)
(a) 5cc clotted in oil
(b) Scc oxalated in oil
(¢) 5cc oxalated without oil
(d) Slides for differential count
(2) Post Test (as soon as the chamber door was opened)
(a) Same as Pre Test

URINAL YSIS (Mumber of samples, tises to be collected, type and smeunte)

. Subject was catheterized with an indwelling Folley catheter for continuous urine
. collection during the test., For 17 corticosteroid determinations. Also, Pre

and Post Test urine samples were collected for urinalyses.

cE R e M W W W o w e e M M e R M @ e e, W W m wm B e e G W W & wm oW W

- Subject destroyed a portion of the wiring inside the chamber causing a loss of

2 channels FCG. This also delayed the test end point by approximately k5 minutes

' during repair.
' 0215 hrs - End of test - chamber opened, subject calm, post-test blood samples drawn.

| 0215 - 0300 hrs - Post-Test urine collection period. Catheter was still in place at

the end of the test, but it was accidentally pulled out during
de-suiting. However the subject did not urinate voluntarily until
0300 hrs. This was considered adequate for the post-test umple,
making catheterigzation at 0315 hrs unnecessary.

/s/

JERRY FINEG, Captain, USA¥, VC

Chief, Pro,ject Support Section

73 __Im:mm_sﬁmgﬁ_mnch
(Signature of V ] vistant)

WILLIAM E. BRITZ, JR

Captain, USAF, VC
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PHYSICAL !XAMINATION PRE AND POST TIST

PAST CLINICAL HISTORY

since last quarter,-

Subject's age:

TEST Oxygen PROJICT/TASK NR . " ANIMAL. IDENTIPICATION SEX.  DATE
- Toxicity : | | 8 November 1961 I
Stady 46 - 6892/689201 Minnie L6 F | 8 November 1961 |

Last quarterly physical -examination - 12 September 1961.
L yeirs and 9 months (approximately).

No serious illnesses

| MEASUREMENTS-PERTINENT TO TEST

N/&

Fxperimental subject for Oxygen Toxicity Study #i on 30 October 1961. No serious
after effects.
_DATA T TRSY ) gbu’ TEST
. weiGHT/LBS L8 Ls 3/4
. RECTAL TEMP ¥ 98 100,0
: BLOOD PRESSURK 180/150 216L/125.
: _PULSE/MIN ‘ 120 88
| RESPIRATION/MIN ‘ 32 2l
1 lr USED AMOUNT, TYPE AND TIME
]_ANESTHESIA/RESTRAINT ] - N
T ~ OBSERVATIONET GRSERV I3
E. C G, ' Instrumented for EGG Instrumentation
| X-RAY Chest - er study # 7 : 36 hr post - Test - Chest ;

N/A

Coonerat app

4 tal utads

-REMARKS

ays, oat, nosé and Md. cneet (lunge and heart-sounde), abdomen (palpation), om-moo:l

T PAE

POI‘I’

" General Appearance - good

. Mental Status - straining against

. Eyes, ears, nose and throat - normal

Abdomen (palpation) - normal

e, 8 R Pt gt e e v hrvis et e £

restraint constantly

Chest (auscultation)
Tungs - normal
Heart - systolic murmir

Extremities ~ normal, except post healing,|
laceration 2nd finger right
hand. (See physical exam

0o toxicity study ) Tui

A1l findings s,am‘cs 48 pre=test

AFMDC

rORM

8 (MDWML-2)
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o < s 7

HEMATOLOAY MO‘ sample, times to be qallocied, ”’0 Q‘“Q
- (1) Pre Test (just prior to closing the chanber door)

 Pre-Test: Subject catheterized with #8 Fr Folley vc&;theter.

it i g WA s

o 2 e SRy P R S e s e e

éu) Soc clotted in oil

b) Soc oxalated in oil

(¢) Sec oxalated without oil

(d) Siides for differential count

~ (2) Post Test (as soon as the chamber door was opened)

(a) Same as Pre Test

| URINALYSIS (Numbor of samples, 1imen 1o be sellected, typs md ameunts)

| Subject was catheterised with an indwelling Folley catheter for continuous urine
~ collection during the test, For 17 oH corticoateroid detominatiqne. Algo, Pre
. and, Post, Test urine samples were collected for urimlyeee.

....------'..-----_-..--,--,..-,-‘_'-4-,-,"9%;.'_’x-’-...,;--‘.‘ég@- 4

?

‘-Postrtestz
0200 hrs - Chamber opened - subject calm.
0205 hrs - Post test blood samples taken.
0210 hrs < One hour post test urine sample collection begun.
0245 hrs - Catheter in at time of de-instrumentation but came out soon after -

retention bladder contained no air to hold it in?
0310 hrs - Urinated on table - amall sample oollected - catheterised - no more
urine available.

/s/
JERRY FINEG, Captain, USAF, VC
, Chief, Project Support Section
75. Veterinary Services Branch
eure of Vetorinarien/ Aselotant)
WILLIAM E. BRITZ, JR
Captain, USAF, VC
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APPENDIX III

Individual Oxygen Tolerance Tests

Number 1, 2, 3, 4, 5, 6, 7 and 8

(Physiological and Environmental Data)
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S e T A AT gt 8

Heart Rate
Respiration
Skin Temp.

Rectal Temp.,

SUHHABY OFAPHYSIOLOGICAL'HEASURES

=

245

245
247

196

TR P < 001

Mean Difference

208 vs. 1008 07
16.28
-2.35
=0,75

-0.08

86

SE md t Ratio
1;su 10,574% .
0.251 -9,36%%
0.502 -1,49
1.01 082
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APPENDIX 1V

Charts of Individual Oxygen Tolerance Tests .

Number 1, 2, 3, 4, 5, 6, 7, 8

(Physioclogical Data for Five "Work Sessions")
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RECTAL oo
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(BREATHS / MIN)

NO. 32
23 OCT 6!

130~

o
o
J
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DIRECTION OF CHANGE IN HEMATOLOGICAL AND SERUM BIOCHEMICAL VALUES

DURING TEST. PERIODS IN 20% AND 100% OXYGEN#

< Na

"abnormal'" pre-test value

‘ 708 Oxygan “T00% Oxygen
’ No, 732 Wo, 35 TWo. &2 No, 32 Wo, 35 Wo, 42 No, 16
RBC down up up. - down up oAk down
Hgbin - - - - \p. - 0 down
Herit - down - - up - 0 down
WBC - - - down - ' fupv down®* 0 -
Polys - - down - 'up ‘down** 0 -
Bands - - - - up - 0 -
Mononuclears down#®* down down - up down 0 up
Eosinophiles - down®® 0 - - - 0 down##
Sed Rate - - downk® < down - 0 -
co, down up?# up - up ‘qp. up up
X uph® - - uphs - 0 - uph®
uph* - - - - uph® up up
C1 - - - - - - - -
pH - - - down®*  downth - up downihit
Uprea N up - - up - douﬁ - - g
Tot Prot up - - - . down up - -
Creatinine - - - - - down - up
-Ca - up - - - - - down
“Pi - - up - - - - -
* Blank spaces represent either no essential change in value or aﬁ

*%  Very significant directional change in value since pre-test value fell
within "normal" range and post-test value outside of "rormal" range

kkk

‘0 represents undetermined value
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