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ABSTRACT 

Adolescent male rhesus monkeys (Macoca Mulatto), weifhing 2.9 to 3.4 kg , were 
exposed to 100% oxygen atmospheres at 258 and 880 mm. Hg pressures fjr 30 and 
22 daft, respectively, and the results obtained were compared to the observations 
made in a ground-level control study using the same chamber system. Physiologic, 
hematologic, enxymatic, biochemical, and anatomic measurements were obtained 
throughout the experiments. Several changes and trends were common to all three 
experiments; however, some were observed only for the oxygen-exposed animals and 
were dependent on the concentration of oxygen in the atmosphere. 
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I. INTRODUCTION 

Subhuman primates have been used in 
medical and biologic experiments studying the 
tolerance to various space environmental con¬ 
ditions in advance of human experiments. The 
use of these animals has certain advantages 
in experiments of this kind in that anatomic, 
biochemical, and physiologic measurements can 
be considerably more deUiled than with human 
volunteers. Several long-duration experiments 
were, therefr re, performed using the rhesus 
Macaca mulatta in an attempt to evaluate in 
detail the possible effects of two proposed 
spacecraft environments consisting of oxygen 
as the single gas atmosphere. Because several 
scientific disciplines were covered in this study, 
the results from livtr enzyme evaluations, 
histologic findings, and the assays for lung 
surfactant will be reported separately. This 
paper will report on some of the physiologic 
and biochemical observations which were made 
during these experiments. 

II. SUMMARY 

The results reported in this paper show that 
the rhesus Macaca m lat ta can tolerate a 100% 
oxygen atmosphere at a total pressure of 
268 mm. Hg with only minor changes to the 
various physiologic and anatomic variables 
In a 100% oxygen atmosphere at 380 mm. Hg 
total pressure, the changes in the various 
physiologic and anatomic variables become 
somewhat more pronounced; in certain cases, 
these changes are of statistical significance. 
Most of the hematologic changes observed in 
these animals were believed to be adaptive 

changes due to an enriched oxygen environ¬ 
ment rather than symptoms of oxygen toxicity, 
though this possibility cannot be ruled out. 

III. METHODS 

Adolescent male rhesus monkeys (Macaca 
mulatta) were used for this study. They 
ranged in weight from 2.9 to 3.4 kg. at the 
onset of each experiment. The animals, all in 
good health, were accustomed to daily handling 
and other treatment procedures which would be 
used during the experiment while still in the 
holding colony. The animals were fed once a 
day with standard primate chow (Ralston 
Purina) along with supplemental vitamins. 
Furthermore, the animals received fresh fruit 
or vegetables each day on a rotating schedale; 
one day they were given half an apple, the 
next day one carrot, and on the third day a 
third of one potato. Fresh water was available 
all the time through spigots. At the time the 
animals were removed from the holding colony, 
they were placed in individual cages in a 
rectangular altitude chamber. The chamber 
measured approximately 26.6 m.' in volume 
and had a pass lock about one-third the size of 
the main chamber. The individual cages meas¬ 
ured 40.6 cm. in length. 60.8 cm. in height, and 
30.5 cm. in width. The animals were kept in 
the chamber for 14 days at ground-level con¬ 
ditions. The purpose of this procedure was to 
adapt the animals to the individual, more re¬ 
strictive cages, as well as to the 10-hour light 
period maintained in the chamber, the noise 
from the various chamber blowers and pumps, 
and the general traffic in and out of the cham¬ 
ber. The chamber and drop trays were cleaned 
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every day before feeding time. Weight« (to 
the nearest 25 gm.) and rectal temperature« 
(to the nearest 0.1° C.) were measured and 
recorded twice weekly (Mondays and Thurs¬ 
days) and were used as a general index of 
well-being of the animals throughout the ex¬ 
periments. Furthermore, veterinary officers in¬ 
spected the animals twice weekly during the 
entire period they were in the chamber. After 
the initial adaptation period, the experimental 
phase of the profile was begun. 

Three experiments were performed in this 
study with each experiment divided into three 
periods: a pre-experimental period, an experi¬ 
mental period, and a postexperimental period. 
The first experiment was conducted entirely 
at ground-level atmospheric conditions and con¬ 
sisted of a 14-day pre-experimental period, a 
30-day experimental period, and a 14-day post- 
experimental period. This was done to ascer¬ 
tain if normal chamber environment would 
have any effect on the variables to be measured 
and to establish baselines f r the altitude ex¬ 
periments. 

During the second experiment the animals 
were taken to mm. Hg (27,000 ft.) pressure 
with a 100% oxygen atmosphere and kept in 
that environment continuously for 30 days, 
after a 14-day pre-experimental control period. 
The initial change from normal atmosphere to 
100% oxygen atmosphere was accomplished in 
2 hours. After the 30-day exposure, there was 
a 14-day postexperimental recovery period in 
the chamber. The third experiment of this 
series lasted for 22 days and was conducted in 
a 100r5 oxygen atmosphere at 380 mm. Hg 
(18,000 ft.) pressure, after a 14-day pre- 
experimental period, with a 30-day recovery 
period in the chamber at ground-level con¬ 
ditions after the exposure period. This experi¬ 
ment had been programmed with a 30-day 
exposure period followed by a 14-day recovery 
period, similar to the other two experiments. 
On the basis of the results obtained during this 
experiment, however, it was decided to shorten 
the exposure period and thereby lengthen the 
recovery period to ascertain the time required 
for the otmerved changes to return to normal. 

These three experiments are summarized in 
table I, which indicates the dates of the various 
experiments and the atmospheric conditions 
which were maintained during the experiments. 

The instruments used to measure the en¬ 
vironmental atmospheres were: Beckman mod¬ 
els F-3 and E-2 for oxygen, Beckman 15A 
(infrared) for carbon dioxide, Cambridge dew 
point hygrometer for relative humidity, Ni- 
tralyzer 805 AR for nitrogen, YSI model 46 
Tele-thermometer for rectal and atmospheric 
temperatures, and a Wallace and Tiernan ab¬ 
solute pressure gage. 

Every seventh day, 5 ml. of blood were 
drawn from either of the saphenous veins and 
immediately divided into vials containing either 
heparin (Sigma) or oxalate, or vials without 
an anticlotting agent for serum collection; all 
of these vials were kept ice-cold until the 
various assays were performed. The blood 
sampling schedule was arranged so that half 
the animals were bled on Mondays and the 
other half bled on Thursdays, thus providing 
two assay points per week. 

Animals were sacrificed, two at a time, at 
regular intervals during the experimental 
periods corresponding to one-third, two-thirds, 
and completion of exposure, and similarly dur¬ 
ing the postexperimental periods. In addition 
to the blood studies performed on the necrop- 
sied arumals, organs were weighed and samples 
taken tor histologic studies, liver enzyme 
studies, and lung surfactant studies. Bactério¬ 
logie studies were also done throughout this 
series of experiments for enteric pathogenic 
microorganisms. Seven primates were similar¬ 
ly examined while they were in the veterinary 
holding colony. 

The assays performed on whole blood were 
routine hematology (RBC, WBC, hematocrit, 
hemoglobin, differential counts) (31), sulf- 
hemoglobin, methemoglobin (7), glutathione, 
and glutathione stability (2). The assays 
performed on washed red blood cells were 
glucose-6-phosphate dehydrogenase (32) and 
hexokinase (16). The hexokinese assay was 
performed only on red blood cells from animals 
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exposed to 100% 02 at 380 mm. Hg. The follow¬ 
ing assays were performed on serum or 
plasma: glutamic oxalacetic transaminase 
(GOT) (24), glutamic pyruvic transaminase 
(GPT) (24), alkaline phosphatase (14, 20), 
creatinine (10), total protein (16), albumin, 
and albumin to globulin (A/G) ratio, as well 
as electrophoresis patterns for the individual 
plasma globulins (26). 

IV. RESULTS 

Visual observations and physical examina¬ 
tions of the animals gave the impression that 
they remained healthy, vigorous, and active 
throughout the experiments. Their appetites 
were excellent and at no time did they become 
docile. These observations are supported by 
the weight and rectal temperature measure¬ 
ments which were obtained twice weekly 
throughout the experiments and as shown in 
table II. The ground-level control animals 
gained on the average 2.6% and 6.4% for the 
experimental period and postexperimental 
period, respectively, while the animals exposed 
to 100% oxygen at 258 mm. Hg pressure gained 
4.0% and 9.8% during the same periods. The 
animals exposed to 100% oxygen at 380 mm. 
Hg pressure gained an average of 4.1 % during 

the 22 days in the experimental atmosphere, 
but the remaining animals lost weight post- 
experimentally so that the net gain compared 
to the pre-experiment mean was only 1.4%. 
The return to normal atmosphere might, there¬ 
fore, have affected these animals. As is also 
indicated in table II, the postexperimental 
weight gains for the ground-level control 
animais and the animals exposed to 100% oxy¬ 
gen at 258 mm. Hg pressure were statistically 
higher when compared to the pre-experimental 
weights, while the weight gains for the animals 
exposed to 100% oxygen at 880 mm. Hg pres¬ 
sure were not significantly changed for either 
period. It should be mentioned that there was 
statistically no difference, initially, between 
the animals sacrificed during the postexperi¬ 
mental periods and the pre-experimental 
periods. Furthermore, the animals were ran¬ 
domly selected from the colony and randomly 
placed in their individual cages in the chamber. 
The order in which the animals were sacrificed 
was, therefore, also on a random basis. The 
rectal temperatures for these animals were 
within normal range, indicating again that the 
animals were in good health. 

Table III gives the average changes for the 
hematologic variables as observed during these 

TABLE II 
Body weight» and rectal temperature» 

Condition 

Pre-e* perimental Experimental Postexperimental 

Number of 
animals Mean 

Number of 
animala Mean P* 

Number of 
animals Mean P* 

(iiound-level 

268 mm. Hg 

380 mm. Hg 

10 

10 

22 

3.14 ± OJllt 

8.22 ± 0.2« 

2.94 ± 0.07 

10 

10 

20 

Body weights (1 

3.22 ± 0.34 

3.36 ± 0.21 

3.06 ± 0.26 

tt) 

NS 

NS 

NS 

4 

4 

6 

3.34 ± 0.12 

3.62 ± 0.21 

2.98 ± 0.31 

.05 

.06 

NS 

Rectal (•■pcratarM (*C.) 

Ground-level 

258 mm. H* 

380 mm. Hg 

10 

10 

22 

•P Levai at •wnifleuM when 

ÎStandard davlntkm. 

39.1 ± 0.2 

39.5 ± 0.3 

39,3 ± 0.3 

1C 

10 

20 

com ne red with pre-experiment*! 

39.0 ± 0.3 

39.3 ± 0.3 

39.1 ± 0.4 

NS 

NS 

NS 

4 

4 

6 

39.1 ± 0.2 

39.3 ± 0.1 

39.2 X 0.2 

NS 

.05 

NS 
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TABLE III 

Hematologic variables 

Condition 

Pre-ex perimental Experimental Postexperimental 

Number of 
animals Mean 

Number of 
animals Mean P* 

Number of 
animals Mean 

— 
P* 

—r 1 
Ground-level 

258 mm. Hg 

380 mm. Hg 

Ground-level 

258 mm. Hg 

38C mm. Hg 

Ground-level 

268 mm. Hg 

380 mm. Hg 

Ground-level 

258 mm. Hg 

380 mm. Hg 

Ground-level 

258 mm. Hg 

380 mm. Hg 

Ground-level 

258 mn,. Hg 

380 mm. Hg 

Ground-level 

258 mm. Hg 

380 mm. Hg 

Hemoglobin (gm./100 ml.) 

10 

10 

22 

10 

10 

22 

10 

10 

22 

10 

10 

22 

10 

10 

22 

10 

10 

22 

10 

10 

22 

12.8 ± 0.8t 

12.2 ± 0.6 

12.2 ± 0.8 

41.9 ± 1.4 

42.2 ± 1.4 

41.8 ± 1.8 

5.03 ± 0.44 

6.04 ± 0.24 

6.12 ± 0.36 

16.80 ± 4.45 

15.32 ± 2.93 

12.88 ± 3.08 

1.13 ± 0.39 

1.22 ± 0.12 

1.27 ± 0.44 

40.1 ± i2.7 

23.3 ± 5.6 

30.4 ± 12.5 

67.6 ± 12.7 

'2.6 ± 6.1 

63.6 ± 12.7 

10 

10 

20 

10 

10 

20 

10 

10 

20 

10 

10 

20 

10 

10 

20 

10 

10 

20 

10 

10 

20 

12.1 

11.4 

11.3 

0.7 

0.6 

0.7 

.06 

.01 

.01 

Hematocrit (%) 

40.6 

38.6 

38.6 

2.1 

2.0 

2.0 

NS 

.01 

.01 

RBC (X lOVmm.s) 

4.60 i 0.30 

4.85 ± 0.32 

4.80 ± 0.47 

NS 

.01 

.02 

WBC (X 1 OS/mm.*) 

12.15 ± 2.82 

12.75 ± 3.82 

11 09 ± 3.78 

.05 

.01 

.10 

Reticulocyte« (%) 

1.18 

1.34 

1.35 : 

0.12 

0.30 

0.20 

NS 

NS 

NS 

Neutrophila (%) 

30.3 ± 9.4 .10 

23.5 ± 10.6 NS 

29.1 ± 12.6 NS 

Lymphocyte« (%) 

67.8 ± 9.3 

70.6 -t. 12.3 

64.1 ± 14.0 

.06 

NS 

NS 

4 

4 

6 

4 

4 

6 

4 

4 

6 

4 

4 

6 

4 

4 

6 

12.8 ± 0.6 

11.2 ± 0.7 

11.8 ± 0.7 

41.9 ± 1.4 

38.0 ± 1.6 

37.9 î 1.6 

6.00 ± 0.45 

4.89 ± 0.09 

4.17 ± 0.22 

13.46 ± 1.63 

10.05 ± 2.25 

8.20 ± 0.49 

1.42 ± 0.34 

1.26 rt 0.10 

1.24 ± 0.62 

30.0 ± 9.0 

12.6 ± 1.5 

11.5 ± 2.8 

68.7 ± 8.6 

81.3 ± 2.7 

79.7 i 4.2 

NS 

.02 

.01 

NS 

.01 

.01 

NS 

NS 

.01 

.10 

.01 

.01 

NS 

NS 

NS 

NS 

.01 

.01 

.10 

.01 

01 
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TABLE III (contd.) 

6 



ex^rimen^ Several of the change, were 
highly significant even though all the values 
are within the accepted normal range (16, 18. 

I averaKe 'aiues, it can be ob¬ 
served that the hemoglobin values decreased 
during the experimental periods by 5.6% 
6.9 and 7.8'; for the ground-level experi¬ 
ment. 258 mm. Hg experiment, and 380 mm 
Hg experiment, respectively. The hemoglobin 
values for the control animals returned to nor¬ 
mal during the postexperimental period, where- 
as the vaiues for the oxygen-exposed animals 
did not. b igure 1 shows the average values 
m each of the three experiments for the two 
animals which were fob wed throughout and 
necmpsied on the last day of their respective 
postexperimental periods. These representa¬ 
tive animals show a similar trend for hemo¬ 
globin concentration as well .* the different 
responses to increased concentrations of 
oxygen. While the initial decreases may have 
been due to blood loss, the stabilization for the 
ground-level animals as compared to the 
anmiaJs exposed to 100% oxygen at 258 and 
J«0 mm. Hg pressures separates this effect 
fr*m the continued effect as caused by the 
atmosphere. Undoubtedly, the oxygen -on- 
centration at 380 mm. Hg is detrimental since 
th. trend in hemoglobin concentration is down¬ 
ward throughout, while the %end in those 

:n'rT rn"intaine<1 8t 258 mm. Hg levels off 
and then begins to return to normal while the 
animals were still exposed to the elevated 
>»x>gen atmosphere. 

HCIUTOCatT 

Fhe hematocrit values for these animals, 
whlch are also indicated in figure 1. parallel 
the hemoglobin trends. Even though there are 
decreases in these two variables during the 
equivalent ground-level experimental period 
they are either statistically insignificant or 
only of borderline significance, while the 

InZ! kÄImS f0r the ‘)X™*"-«Po«ed 
animals are highly significant, showing that the 
atmosphere affected these variable:,. Further¬ 
more, they were also significant during the 
postexpenmental periods. Percentagewise, the 
hematocrit of the animals exposed to 100% 
>xygen at 258 mm. Hg pressure dropped an 
average of 8.5%. with a 7.7" drop for the 
animals exposed to 100% oxygen at 380 mm. 

figire 1 

//,«„0.™, and hrm„8l0hH nhtatnfd 

nM f0llOV fd ,0r ,h' tarnfu-fd on the Iasi day 0f ,W r„p,r„„, 
« xprrwnental prrutdã. 

Hg pressure compared to 3.2% for the ground¬ 
sel animals during the experimental periods 
Postexperimentally, there wa.s no decrease in 
hematocrit values for the ground-level animals. 

Wh,i !»oA0r the oxyR’en-<xP08«l animals at 268 
ni80 '"î” Hr pre**ure"- tbe decrease* were 

10.0 * and 9.4% , respectively. It should be 
remembered that at 380 mm. Hg pressure, the 
animals were exposed to the oxygen atmo¬ 
sphere for 22 days, 8 days less than the ex¬ 
posure time for the animals at 258 mm Hg 
pressure. 

The red cell counts were more variable, and 
it is. therefore, difficult to ascertain a trend 
(fur 2). The curves plotted from the average 
red buxal cell counts from the ground-level ani- 
mais and the animals exposed to the oxygen at¬ 
mosphere at 258 mm. Hg pressure parallel 
each other and show initial declines, but these 
values retumed toward normal even during the 
respective experimental phases. The red cell 
counts for the oxygen-exposed animals at 380 
mm. Hg pressure also show this initial decline, 
but instead of returning to normal, there is a 
further decline which continues into the post- 
experimental recovery p< nod This decrease 
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rua;re ¿ 

White blood een and red blood eell fount § obtained 
dtring the three erperimentt as followed for the two 
pr mates samfteed on the last day of their respe ft tie 
postesfirrimental periods. 

postexperimentally was 18.67, and is signif¬ 
icant (P < .01) when compared to the pre- 
experimental value (table III). 

The white blood cell counts decreased signif¬ 
icantly for all three groups during the ex¬ 
perimental periods, with the ground-level 
animals showing a return toward the original 
level postexperimentally. Postexpcrimentally, 
there were further and significant decreases 
for the two groups of oxygen-exposed animals 
as indicated in tabie III and figure 2. 

None of the average values for the 
reticulocyte counts were lignificantly dif¬ 
ferent; however, it should be noted that while 
the counts for the ground-level animals showed 
slight but progressive increases for the three 
periods, the postexperimental averages for the 
oxygen-exposed animals were lower than dur¬ 
ing the experimental period (table III). The 
results of the differential counts are shown in 
table III and indicate that with few exceptions, 
there were no maj. r changes due to the ex¬ 
perimental parameters ¡n the environments. 
Likewise, the assays for methemoglobin and 
sulfhemoglobin did not show any significant 
changes due to the treatment, be it either 

habitation in the chamber or the atmosphere 
at decreased pressures. Admittedly, there are 
differences in the baseline values for the three 
groups of animals, and postexperimental values 
are missing for the 380 mm. Hg group, which 
makes any comparison difficult. 

In table IV are the results from the assays 
of glucose-6-phosphate dehydrogenase (G-6- 
PD), glutathione (GSH), and glutathione 
stab'lity, as well as for hexokinase. The pre- 
experimental, experimental, and postexperi¬ 
mental average values for the ground-level 
group show progressive increases in G-6-PD 
activity, as does the trend for the two primates 
indicated in figure 3. The oxygen-exposed 
animals showed the opposite trend, and G-6-PI) 
activity decreased during the experimental 
periods with return to normal activity post¬ 
experimentally. These changes, however, are 
not significant or are only of borderline signif¬ 
icance, but they do indicate a different trend 
for the oxygen-exposed animals In the graphs 
for the animals at 258 and 380 mm. Hg pres¬ 
sures, it is difficult to observe that the two 
curves go in the same direction, but they do 
as verified mathematically. 

The hexokinase activity in the red blood 
cells was determined only during the 380 mm. 
Hg experiment and shows a significant decrease 
during the exposure to the oxygen atmosphere 
with a significantly elevated average level of 
activity postexperimentally. 

The results for GSH and GSH stability 
(table IV) did not indicate that any major 
changes took place wit' these SH-donors dur¬ 
ing these experiments. Figure 3, which pre¬ 
sents data from the same two animals through¬ 
out the experiment, likewise shows no change. 

The values obtained for plasma protein, 
albumin, and the globulin fractions are shown 
in table V and indicate normality for all groups 
during the various experimental phases. There 
are a few changes; for example, the aloumin 
levels in the plasma increased percentagewise 
for the oxygen-exposed animals during the 
IK.stexpenmental recovery periods. Likewise, 
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TABLE IV 
Hematolngir variabUi tn the red blood cell 

Condition 
Pr»-expert mental Expérimenta] Postexperimental 

Number of 
animal* Mean 

Number of 
animal* Mean po Number of 

animal* Mean P* 

fílacoM-4-pfcoapfcat« fekfdrogmu« (eaayMc nMÍte/1M% RBC) 

Ground-lev»! 
25H mm H( 
380 mm. Hg 

10 
10 
22 

184 6 * IT.St 
188 7 ± 16 8 
168 9 ± 16 4 

10 I 169.6 ± 12 4 NS 
10 I 172.9 ± 14 4 .06 
20 i 161.6 ± 13.1 NS 

fleiekiMae (a OD/mla7106% RBC) 

4 
4 
6 

186.3 ± 10 6 
184 0 ± 8 6 
154 2 ± 10 0 

.02 
NS 
NS 

Ground-level 
268 mm. Hg 
380 mm. Hg 

No data 
No data 

22 9 49 ± 3 08 20 7 24 ± 2 69 .02 6 I 12.27 ± 1 14 .01 

Ground-level 
268 mm. Hg 
380 mm Hg 

10 
10 
22 

1212 
113.6 
1179 

GlaUlhioM (mg./100% RBC) 

14.1 
88 

127 

10 
10 
10 

122 6 ± 11 1 
1219 9 0 
1196 ± 15 1 

NS 
10 

NS 

4 
4 
6 

114 7 
121 7 
108 4 

117 
11 2 
162 

NS 
NS 
NS 

GlatatkiMe ataMIII; (mg /100% RBC) 

Ground-level 
268 mm. Hg 
380 mm Hg 

10 
10 
22 

1060 
102.6 
1169 

17.4 
6.4 

124 

10 
10 
20 

106 1 ± 16 6 1 
114.4 :* 8.0 j 
120 8 * 11 8 ! 

NS I 4 
.01 j 4 
NS « ^ .- 

*F of *ti4N mmp+rwi wUli |»nM»sp«iia 

j 106 6 
1114 

¡ 107.8 

114 
6.4 

16 0 

NS 
06 
NS 

e-4-ee 

FIGURE 3 

Glurott t-ph«tphal* (Ifhydrogenate aelutt/y and 
j/ulathumr taJuea tn red blood celia aa followed for 
tke f*>o prtmatet tacnfurd on the laet day of their 
reapectirf poet experimental periods. 

the A G nitioa increased poetexpehmentally 
for the animals at 258 and 380 mm. Hg pres¬ 
sures. 

Table VI shows the data for alkaline 
phosphatase, GOT, GPT, and creatinine in the 
plasma of the primates used in these experi¬ 
ments. The alkaline phosphatase activity de¬ 
creased somewhat during the experimental 
periods for the three groupe of animals, but 
only to a borderline significant degree (P 
.05) for the animals at 380 mm. Hg pressure. 
The same can be said for the GOT and GPT 
except that the changes were not significant; 
however, the changes for these three variables 
revert toward pre-experimental level after the 
exposure periods. Plasma creatinine values 
were significantly elevated for the 380 mm. Hg 
group during the exposure to the oxygen 
atmosphere and remained high during the re¬ 
cover)' period in normal atmosphere. Similar 
but insignificant changes wire evident for the 
258 mm Hg group, while the plasma creatinine 
level for the ground-lev I control animals re¬ 
mained stable throughout. 
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Condition 

Ground-loTol 

2M mm. Hg 

SM mm. Hg 

Ground-lcTtl 

2M mm. Hg 
380 mm. Hg 

Ground-l«v«| 

2K8 mm. Hg 
380 mm. Hg 

Ground-level 

2&M mm. Hg 
380 mm. Hg 

Ground-level 

268 mm. Hg 
380 mm. Hg 

Ground-level 

268 mm. Hg 
380 mm. Hg 

Ground-level 

268 mm. Hg 
380 mm. Hg 

Ground-level 

26* rum. Hg 
380 mm. Hg 

Ground-level 

25M mm Hg 

380 mm. Hg 

TABLE V 

Plnsma proteins and eleetrophorems patterns 

Pre-erperimenUI E*perim*nUI 
Poete vperlmenUl 

10 

10 

22 

10 

10 

22 

10 

10 

22 

10 

10 

22 

10 

10 

22 

10 

10 

10 
10 

22 

10 
10 

7.42 ± 0.23t 
7.28 ± 0.30 
7 33 ± 0 40 

TeUl grátele (gei./!88 , 

61 1 
57.5 
«0.4 

19 
3 2 
3.8 

3.9 
4.6 
6.0 

± 1.3 
± 0.6 

± 1.2 

4.0 ± 1J 

4.2 ± 1.9 
« 2 ± 2.6 

10.2 * 2.4 

8.7 ± 2.3 
9.9 * 2.8 

3.3 

2 3 
3.0 

0.7 

0.3 

0.6 

•P L»v»l >4 •tcmlioM«« wLen 
' HlAndertl <WvL*UMfc. 

If 2 ± 1.4 
19.3 ± 3.0 

13 3 i 3 6 

i a ± o.i 
14 ± 0.2 

1 « ± 0.2 

2.7 i 0.3 

3.7 ± 0.4 
3 7 ± 0.8 

20 

10 

10 

20 

10 

10 

20 

10 

10 

20 

10 

10 

20 

10 

10 

20 

10 

10 

20 

10 

10 

20 

10 

10 

20 

0.2 

: 0.4 

0.2 

7 41 ± 0.34 
7.46 ± 0.4« 
7.36 ± 0.40 

Albemle (%) 

67.4 ± 4.2 
60.5 ± « 2 
«0 1 * 4 1 

A7G retie 

1.4 
16 
16 

Alike 1 (%) 

3.2 ± 0.6 
3 3 ±0.1 
3.5 ± 0.7 

Alike 2 (%) 

4.6 ± 1.2 
4.2 ± 0.6 
4 6 ± 1.0 

Alike 2 (%) 

4.2 ± 1.5 
4.1 ± 1.6 
4.2 ± 2 4 

fl*U (%) 

10.1 ± 1.9 
8 3 ± 1.5 

10.3 ± 0.1 

Fibrieogee (%) 

NS 
NS 
NS 

.10 

NS 
NS 

.06 

.10 

NS 

.06 

.06 
NS 

NS 
NS 
NS 

NS 
NS 
NS 

NS 

NS 

NS 

4 2 

2.2 

3.1 

12 
0.0 

0.6 

Gemma (%) 

17.1 

),.4 

14.2 

18 
3 3 

3.1 

.10 

NS 
NS 

.02 

NS 
NS 

4 
4 

4 
4 
6 

4 
4 
« 

4 
4 
6 

4 
4 
6 

4 
4 
6 

4 

4 

6 

7.26 ± 0 16 
7.3« ± 0.26 

7.11 ± 0.24 

«0 1 ±4.0 
«1.8 ± 3.3 

«2.8 ± 1.8 

1« ± 0.2 
1 « ± 0.3 
17 ± 0.1 

2.8 ± 0.4 
3.2 ± 0.3 
3.4 ± 0.4 

4.2 
46 

± 16 

± 0.6 

3.7 ± 0.6 
8.8 ± 1.3 

2.6 ± 2.2 

8.6 

8.3 
10.9 

± 2.1 

± 2.6 

± 2.6 

3.3 ± 0.9 

2.4 ± 0.5 

2.4 ± 0.6 

163 ± 1.3 

16 9 ± 1.6 

12.7 ± 0.8 
-eriUi pre-eApertirrr l*J i 

NS 
NS 
NS 

NS 
.06 
.01 

NS 
.10 

.06 

NS 
.06 
NS 

NS 
NS 
NS 

NS 
NS 
NS 

NS 
NS 
NS 

NS 
NS 

.02 

NS 
.10 

NS 
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TABLE VI 

Plasma biochemical variable» 

Figures 4 through 9 show graphically the 
organ weights expressed per kilogram body 
weight for each pair of primates as they were 
necropsied on corresponding days during the 
three experiments, and table VI! summarizes 
the organ weights for all the animals as they 
were sacrificed by experimental periods. The 
results in table VII are analyzed in two ways 
First tFe data for the various experimental 
periods are compared to the data obtained from 
seven colony control primates of corresponding 
sex, age. and weight ; and secondly, the data for 

the oxygen-exposed animals are compared with¬ 
in group to the ground-level control animals for 
the same periods. The ground-level contre! 
animals are different from the colony control 
animals. 

The liver values when reported as grams 
fKT kilogram body weight show progressive de¬ 
creases as the oxygen concentration increases 
(fig. 1». F'or the animals exposed to .'{80 mm. 
Hg pressure, this decrease is (juite rapid, reach¬ 
ing a low point about the eighth exposure day. 
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LIVCR 
la/M 

(OATS) 

FIGURE 4 

Avrragt liver weigkte reported m gram» per kilo¬ 
gram body weight for each patr of primate» a» they 
were neeropeied throughout the three experiment». 

HEART 
IR/M 

PKC EXPfHlMtNT POST-EXPCB1MENT 

(DAYS) 

FIGURE 6 

Average heart and »piren weight» r< oort d in gram» 
per kilogram body weight for each pair of primate» at 
they were necropned throughout the thre • experiment». 

LUHOS 
IR/I« 

(DAYS) 

FIGURE 5 

Average 1 tng weight» reported m gram» per kilo¬ 
gram body weight for each pair of primate» a» they 
were necroptied throughout the three experiment». 

ADRENALS 
R|/l| 

FIGURE 7 

Average adrenal weight» reported in milligram» 
per kilogram body weight for rath patr of primat«* a* 
they o rre necroptied throughout the three experiment». 
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KIDNEYS 

FKîl’RK 8 

A vrraffe kidney and tente» wnght, reported ,n 
yritmn per kilogram body u eight for eaeh pair of pri¬ 
mate» an they were neer ipnied throughout the three 
rjrpmmrntH. 

A t , 

Ij ¿r, 
i »iMt NT 

5, ♦l'"'1 *20 ♦ l.> 
^'.)ST i iPfRiMthT 

i DAY Si 

VUIVIIK y 

A een,g, beam weight» report, d ,n gra,,,» per k,lo¬ 
gro,,, body „eight on,I the average „eight ,k.’o- 
grai/iM i f„r the tieo primate» „» reeord.d „„ the r 
rtsjurUf*' tivcrupxtf d’ty* 

tablk VII 

Organ utighly 

Condition 

Ground-level 

268 mm. H* 

380 mm. Hg 

Ground-level 

268 mm. H» 

380 mm. He 

Ground-level 

268 mm. He 

380 mm. He 

Colony control* 

Number of 
animal* Mean 

Experiment«! 

Number of 
animal* Me. 

26.20 ± 2.29J 

I (26.88) g 

I O. io (1.62 

j (7.67) 
I 

•I-«2 * 0,06 

( 4.67) 

6 

6 

14 

o 

14 

6 

0 

1 i 

Pt 

Liver (gin./kf.) 

24.09 ♦ 3.76 

20.88 e 2.22 

20.42 • 2 70 

NS 

.02 

.01 

.10 

06 

I.uhe (Em./kE ) 
i 

ii 0h • ooi I NS 

6.90 

6.77 

1 16 

0.79 

NS 

NS 

NS 

NS 

Heart Urn./kg.) 
! i 

4,04 • 1.17 j NS — 

4 49 ♦ 0.34 NS ! NS 

4.01 • 0.42 I 06 I NS 

Number of 
animal* 

Pohtexpenmrntal 

1 - ' 
Mean P* ¡ Pt 

-r- 

22 77 

18 86 

19 81 

2 62 NS 

193 > .01 

3.36 i ,ol 

10 

20 

♦ 1 ♦i.’l j NS i—. 

7.39 • 0.27 .01 Ins 

6 87 . 0.81 NS NS 

139 • 0 01 pNS ,- 

1 19 * o 47 NS NS 

4 22 * 0 77 NS NS 

i.i 



TABLE VII (contd.) 

Colony rontrols 

Condition 
Number of 

animals Moan 

Experimental 

Number of 
animals Mean P+ 

Postexperimental 

Number of 
animals Mean P* Pt 

(¡round-level 

2r.H mm. Hit 

•‘(xo mm Hjr 

(¡round level 

2ÓH mm Hu 

HHd mm Hk 

(¡round loud 

2r)H mm Hk 

¡IKO mm Hr 

(¡round-level 

¡¿M mm. 11k 

380 mm. Hk 

(¡round-level 

2.r>8 mm IIg 

380 mm. Hk 

(¡round-level 

208 mm Hk 

380 mm Hk 

1.14 ♦ 0 14 

(1.27) 

0.37 - 0.08 

! 10.311) 

4.4Õ * 0 80 

( : .80) 

o 03 . u 20 

(001 I 

28 28 - 6.65 

28.20) 

I 

I 3 08 • 0.5y 

. (3.04) 

0 

6 

14 

3 

12 

is 

14 

14 

II 

0 

0 

14 

Spleen (Km./kK.) 

1 28 * 0 54 NS 

1.21 * 0.20 NS NS 

1 30 - 0.38 .20 NS 

Adrenals (mg./kg. 

0.42 ♦ 0.10 NS 

0.41 ‘ 0.13 NS NS 

0.05 • 0 32 .05 .05 

Kidneys (Km./kK ) 

4 11 ♦ 0 80 

4 13 • 0.58 

4.05 * 0.53 

NS 

NS 

NS 

NS 

NS 

Testes (Km./kf.) 

1.12 * 0.57 

0 70 * 0.26 

1.00 • 0.24 

NS 

.20 

NS 

NS 

NS 

Brain (gm./kg.) 

24 60 .* 4.14 NS 

25.58 * 2.26 NS 

27.10 i 3.43 NS 

WeiKht (kf.) 

NS 

NS 

3.35 

3.37 

3.07 

0.41 

0.21 

0.28 

NS 

NS NS 

NS .20 

1.31 

1.62 

1.37 

0.11 

0.43 

0.27 

0.42 ± 0.23 

0 43 * 0.06 

0.54 ± 0.13 

4 05 ♦ 0.31 

3.60 -r 0.32 

3.45 ï 0.31 

0.64 

0.58 

0.98 

0.20 

0.18 

0.14 

24 97 ± 3.23 

25.43 i 0.54 

28.86 j: 4.76 

.10 

.10 

.10 

NS 

NS 

.05 

NS 

.10 

.02 

.10 

.05 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

.01 

.01 

NS 

.20 

NS 

.20 

3.35 ♦ 0.27 NS 

3.54 

2.99 

0.21 

0.36 

.10 

NS 

NS 

.20 

I l-..i..f -.iii.ifu *n..- t'.-nii'ar.-il .. u,,. , c.ritn.l ammak 

(1 - •«■•'''•'.nee .(.rn U,r aruniak rap.i*«aj a, iis ...J »«, n,n, Ha |.r».ur,a ar» cua.par*l 
com r ■ i i nr, rm*:,* 

*M«F Ié»mJ I,.. Uàturn 

I V a.'...» . a!. . .1 (.. M. K * n liar'1 a il -I Willnar I : .1 ' 

to U»«-ir rf*i>4* Uv«* groaniJ k-krl 
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This decline is followed by a rebound toward 
normal values while the animals are in the 
oxygen atmosphere, at least for this Rroup. 
Animals sacrificed prior to the eighth day fol¬ 
lowed this pattern and the points fit the curve. 
For the oxyKen-exposed animals at 258 mm. 
Hr pressure, the liver weights follow closely a 
dec lining straight line, which continues to 
decline postexperimentally. None of the liver 
weights for the oxygen-exposed animals 
returned to within normal ranjre postexperi¬ 
mentally. These observations are verified 
statistically as reported in table VII where it 
can be noted that the decreases for the oxyjren- 
exposed animals are highly significant when 
compared to the colony control animals. These 
decreases are also over and beyond the con¬ 
finement to the chamber because the decreases 
are also significant or borderline sifmificant 
when compared to the ground-level control 
animals. The fact that these yraphs depict 
only two animals per point causes greater 
fluctuaiions than desired, but even so, it should 
be noted that pre-experimental liver weights 
were not even reached 30 days postexposure 
for the animals exposed to 380 mm. Hk pres¬ 
sure. 

Likewise, the gr. phs depicting the lunj? 
weights (fijr. 5) show that the oxygen-exposed 
animals had heavier lunjirs per unit body weight 
than did their ground-level controls. The 
average lung (table VII) ia heavier for the 
oxygen-exposed animals as expected, but the 
difference is not statistically significant. While 
the ground-level control animals maintained 
fairly constant lung weights throughout, the 
animals exposed to 258 mm. Hg pressure had 
significantly heavier lungs postexperimentally, 
while the postexperimental increase in lung 
weight was insignificant for the animals ex¬ 
posed to 380 mm. Hg pressure. 

The hearts of oxygen-exposed animals 
(table VII and fig. 6) were found to be lighter 
in weight by period than those of both the 
colony control animals and the ground-level 
control animals, and the weights seem to be¬ 
come lighter with increasing oxygen levels so 
that, at 380 mm. Hg pressure with 100', 
oxygen, the difference when compared to the 

colony control animals is borderline significant 
(P .05). Compared to the colony control 
animals, the spleens are increased in weight 
for all three experimental groups, and the 
weights postexperimentally are still heavier. 
These postexperimental values are of border¬ 
line significance when compared to the colony 
control animals but are not significant when 
compared to the ground-level control animals 
in the respective period. 

The graphs depicting the adrenal weights 
(fig. 7) show interesting patterns. The pri¬ 
mates exposed to HHV'Î oxygen at 258 mm. Hg 
pressure apparently did not experience more 
stress than the ground-level control animals, 
while the primates exposed to 100', oxygen at 
380 mm. Hg pressure had increasing adrenal 
weights for as long as the oxygen exposure 
lasted. Furthermore, the return to normal 
range was slow and was reached only with the 
last two animals which were necropsied on the 
30th postexperimental day. In table VII where 
the adrenal weights are summarized, it can 
again be seen that it is not more stressfi i for 
the animals to be exposed to 258 mm. Hg pres¬ 
sure with a 100', oxygen atmosphere than to 
be kept in the same cage system at ground-level 
conditions. The adrenal weights for the 
animals at 380 mm. Hg pressure increased an 
average of 75.7'i during the oxygen exposure, 
however, and this is statistically significant 
when compared to the ground-level control 
animals during this period. Postexperimental- 
ly, the adrenal weights are still above either 
control group but apparently returning toward 
normal. 

The kidneys, like the hearts, decreased in 
weight for all three experiments while the 
animals were in the chamber as compared to 
the colony control animals, with the animals 
at 380 mm. Hg pressure having the greatest 
decrease (table \II). I’ostexperimentall v, 
however, the ground-level control animals re 
gained their kidney waught, while the oxygen- 
exfsised animals showed further and significant 
decreases. This occurred r. gardless of w hether 
the results are compared to the colony control 
animals or the ground-le\el control animals 
during the fiostexperimental pered This is 

15 



also observed in figure 8 where it is evident 
that the ground-level control animals have an 
upward trend, while the oxyRen-exposed 
animals have downward trends. The testicular 
weiRhts are also reported in table VII and de¬ 
picted in fiRure 8. Results are variable and in¬ 
conclusive as would be expected in adolescent 
primates. No siRnificant trends or major 
chariRes were observed in this study for the 
brain weiRhts (table VII, fiR. 9). 

The body w’eiRhts for the paired primates 
as they were necropsied are shown in fiRure 9 
and indicate an upward trend for both the 
Rround-level control animals and the animals 
exposed to 100'1 oxyRen at 258 mm. Hr pres¬ 
sure. As a matter of fact, these curves are 
almost identical. The animals exposed to 100' ! 
oxyRen at 380 mm. Hr pressure, on the other 
hand, appear to lose weiRht durinR the first 
week of exposure, but then Rain weiRht without 
catchinR up with the weiRhts for the other two 
Rroups of animals. The body weiRhts obtained 
on necropsy days are summarized in table VII, 
in which it is evident that all the animals be¬ 
long to the same weight group since none of the 
values are significantly different. The oxygen- 
exposed animals at 380 mm. Hr pressure, on 
the average, did not gain weight during the 
exposure period and actually lost weight post- 
experimental ly. This is also the case when 
compared to the total average weights as 
shown in table II. 

V. DISCUSSION 

In this series of experiments the opportu¬ 
nity existed for studying healthy young male 
primates while they were maintained in en¬ 
vironments of increased oxygen concentrations 
for a long time and also for providing addition¬ 
al baseline or normal biologic values to the 
literature on these research animals. This 
study was designed, in part, to establish 
whether hyperoxia of these magnitudes would 
have deleterious effects on the more common 
clinical and biochemical variables. During the 
ground-level control study, baseline values, 
therefore, were collected for these adolescent 
male primates housed in individual cages. The 

nutritional requirements for the animals were 
met, as verified by the continuous weight gain 
seen throughout this experiment which was 
similar to the weight gain seen for the colony 
control animals. Hurst (12) reported a weight 
gain average of 0.13 kg. per month for the male 
rhesus Maraca mulatto,, starting at 2.38 
through 4.31 kg. This gain is essentially what 
is reported here, except for the lack of in¬ 
creased weight postexperimentally for the 
animals exposed to 380 mm. Hg pressure; the 
remaining animals in this group actually lost 
an average of 80 gm. 

The 5 ml. of blood removed from each 
animal weekly might have been too much for 
a primate of this size, even though Krise (17) 
indicated that this volume of blood could be 
removed without effect. As seen in figure 1 
and table III, there were considerable decreases 
in hematocrit, hemoglobin, and red cell counts, 
as well as changes in other variables concerned 
in hematopoiesis ( 1 ). These changes started to 
take place during the pre-experimental phases 
and for the ground-level animals either re¬ 
turned to normal or plateaued. This accumu¬ 
lating loss of blood had to reach a certain level 
before erythropoietic activity was stimulated us 
seen by the increasing activity of glucose-6- 
phosphate dehydrogenase, which indicates un¬ 
der these conditions an increasingly younger 
red cell population. Admittedly, it could also 
mean that the older cells were destroyed at a 
faster rate, but no evidence was found for this 
theory. On the contrary, the increases in G-6- 
PD activity are perceptible at the time when 
hematocrit and hemoglobin values return to¬ 
ward normal and also by the slight but con¬ 
tinuous upward trend of the reticulocytes. 
Since the animals in all three experiments were 
of the same size, weight, and sex, and were 
bled the same amount, the changes seen in the 
hematologic variables for the oxygen-exposed 
animals were over and beyond those due to the 
blood loss and, therefore, were caused by the 
oxygen atmospheres. Decreased pressure (21) 
with hypoxia normally stimulates the erythro¬ 
poietic activity in mammalian organisms, while 
in this study we see an inhibition of erythropoie- 
sis with increased oxygen environments. The 
changes seen may be considered to be only 
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adaptive trends to the new hyperoxic environ¬ 
ment, as suggested by Campbell in 1928 (5). 
Even though some of them are statistically dif¬ 
ferent from the values obtained in the colony 
control animals and the ground-level control 
animals, it is agreed that these changes in the 
red blood cells ought not to be considered signs 
of oxygen toxicity at the present time. All the 
values are still within published normal range 
for this species (17, 19, 26, 27). This may be 
due to the fact that the duration of exposure 
in these oxygen atmospheres was not long 
enough to drive the hematologic variables to 
greater changes. On the basis of the study re¬ 
ported here, there is some evidence that 
alveolar oxygen partial pressures of about 171 
and 293 mm. Hg exert effects on erythropoiesis 
during 30- and 22-day exposure periods. The 
mild decreases in hematocrit associated with 
the low reticulocyte count and reduction of red 
blood cells at the termination of exposure might 
be interpreted as evidence of suppression. 
Cooperberg and Singer (6) reported similar 
findings in guinea pigs exposed to 70% oxygen 
for periods of up to 36 days. In these animals, 
there was evidence of increasing activity in the 
marrow after the second week of exposure, sug¬ 
gesting a compensatory mechanism. The 
major component in the hematocrit reduction 
in our animals had occurred over the first 
2 weeks of residence in the oxygen atmosphere ; 
thereafter, there was an indication of stimula¬ 
tion. 

There is no evidence in these data indicating 
increased hemolysis after exposure to hyper- 
oxia in our animals ; even the fibrinogen 
values were normal. Except for a few reports 
(5, 10, 16). this has been the experience of 
several other investigators (4, 5, 8, 22, 28). 
Recent studies by Mengel et al. (18) have 
shown that the exposure to 100% oxygen 
at 2 to 3 atmospheres’ pressure resulted in 
severe hemolysis in both mice and men. Ab¬ 
normal stromal lipid peroxidation, along with 
aberrations in the glycolytic pathway of the 
red cell, have been implicated as the mecha¬ 
nisms leading to hemolysis. The extreme dif¬ 
ferences in the partial pressure of oxygen 
under these conditions as compared with ours 
probably account for the absence of similar 
abnormalities in the present study. 

Although higher concentrations of oxygen 
have unequivocally shown pronounced effects 
on erythropoiesis, the results presented here 
indicate that arterial oxygen partial pressures 
of 170 to 300 mm. Hg in the rhesus Macaca 
mulatta have only a minor influence over these 
periods of exposure. There are, however, some 
data in this laboratory which indicate that 
reticulocytosis is decreased in rabbits after 
acute hemorrhage in an oxygen atmosphere 
at 380 mm. Hg total pressure (30). For space 
missions not exceeding the duration of this 
study, one would expect some alteration 
hematopoietically. Missions of longer duration 
would require further laboratory study since 
the possibility of compensatory reactivation of 
the bone marrow may occur, thus ameliorating 
the early suppressive phase. Our studies 
further indicate that the virtual absence of 
nitrogen exerts little influence on erythro¬ 
poiesis. 

The loss in liver weights, as depicted in 
figure 4, for the oxygen-exposed animals is not 
readily explainable, especially since the ground- 
level control animals did not show the same 
trend. As indicated in table VII, the average 
values for the oxygen-exposed animals are 
significantly lower than those for the colony 
control animals and the ground-level control 
animals throughout the experiment. One ex¬ 
planation which might account for a portion of 
this decrease is that glycogen storage in the 
livers was depleted and not replaced owing to 
an oxygen effect on vital enzyme reactions; 
however, glycogen was not measured and there 
is no proof that this was the case. Another 
possible explanation for this finding is that 
the livers lost their lipid content, also owing 
to altered enzyme activity. These explanations 
are feasible on the basis of histologic and 
electron microscopic slides (9, 23). 

The lungs of the oxygen-exposed animals 
are iicovier than those of their ground-level 
controls. The postexperimental mean values 
for the animals exposed to 258 mm. Hg pres¬ 
sure are significantly heavier. The only rea¬ 
sonable explanation for the apparent insignif¬ 
icant increase for the animals exposed to 380 
mm. Hg pressure may be attributable to the 
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rr ativriy «mall number of animal« and the 
i idi'. idual tolerance to the oxygen atmoapherea. 
for the animal.« at 380 mm. Hjr pressure, about 
20 days of normal atmospheric condition were 
necessary before the lunR weights had returned 
to normal rantfe. 

Two possibilities exist to explain the de¬ 
creasing heart sizes. Less activity in the 
single, more restrictive catres in the chamber 
may be one factor causing a cardiovascular 
deconditioning and, therefore, atrophy of the 
heart muscle. The other possibility may be 
increased oxygenation of the blood, requiring 
less blood to be pumped by the heart. The 
first factor may be correct for the ground-level 
control animals; however, since the changes 
were greater in the oxygen-exposed animals, 
the difference must have been causer) by the 
oxygen, since hypoxia or decreased pressure 
normally will cause the heart muscle to become 
heavier owing to additional work. 

Postexperimentally, the spleens for the 
three experimental groups increased (1’ < 
10) ; so the weight gains cannot be attributable 

to either the oxygen atmosphere or the de¬ 
creased pressure. Again, the question of in¬ 
activity must be answered whereby less cir¬ 
culating blood is required. This blomi could be 
stored in the spleens, and importance is added 
to this theory since the spleens increased in 
weight during the experimental periods also. 

The only surprising thing about the adrenal 
weights is that the oxygen-exposed animals at 
258 mm. Hg pressure did not vary from the 
ground-level control animals, indicating that 
somewhere between 258 and 380 mm. Hg 
oxygen pressures lies the critical level for 
oxygen stress for these animals under these 
exposure conditions. The animals exposed to 
380 mm. Hg had adrenal weights which kept 
increasing throughout the entire exposure 

period and did not reach normal levels before 
the 30th day postexperimentally. If any effect 
can be* seen at the 258 mm. Hg exposure, it 
must be a slight and transitory inhibiting ef¬ 
fect during the initial period of exposure, mask¬ 
ing any possible stress situation during that 
time 

In 1941 Kennard and Willner (13) reported 
the organ weights from male rhesus monkeys 
(Macam mulatta) with the same average body 
weight as the colony control animals in this 
experiment and found that increasing body 
weight also increased absolute organ weights. 
Also, the loss in body weight, as seen for the 
animals in the 380 mm. Hg experiment, was 
accompanied by a loss in the weight of spleens, 
pancreata, and testes; the weigh* < of the re¬ 
maining organs were little affected. I»ss in 
body weight, therefore, does not explain the 
decreases observed in the liver, heart, and kid¬ 
ney weights. Otherwise, the values for the 
organ weights for male rhesus monkeys were 
essentially the same as reported for our colony 
control animals. The* decreases observed in 
kidney weights of the* ox/gen-exposed animals 
must remain unexplained until further studies 
can be performed in this area. In 1959 Hale 
et al. (9) reported on organ weights in male 
rats after 24 weeks of exposure to ambient 
air at 380 mm. Hg pressure and found that 
liver and kidney weights were pressure depend¬ 
ent, each varying directly with pressure. They 
also stated that organ weights may vary be¬ 
cause of differences in tissue structure, ex¬ 
tracellular or intracellular water or fat. or 
differences in blood content. Since the higher 
blood content of the organs of the altitude 
animals would be a factor which would increase 
their weight, provided no other changes oc¬ 
curred, the findings that organ weights in 
these animals were either similiar to or lighter 
than those in the controls indicate that tissue 
constituents or water content must have been 
reduced. 
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