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ABSTRACT 

MrSr.mT*« r8t1Wen nîaint*ined continuously in a hyperoxic environment for 
periods up to 8 weeks During this time, the animals were subjected to an oxygen 

ÎÎ8O0Ô ?tT™ 869 T1"' Hug (971%) at a simuIated altitud« o' ««O mm HÎ 
f » pa1ra1meter8 ch08en to delineate growth and development in the rat 

were, total body weight gain; weight gain of the liver, kidney, testis, spleen, lung 
nroteT ’ heart’ and ^raln: deoxyribonucleic acid (DNA), ribonucleic acid (RNA), and 

i the8e oreran8: ^corporation of ^C-leucine into liver protein; and 

teít thê inim^ ^eRa8ei,(L-DH*liS0Zyme8' In 8pite of th<: chan*es reported in the 
«vL?# ^ wel1 ,n thls atmosphere; however, it should be noted that 
ceHu™ { d1amental ckanfi:ea were observed in the growth and development on the 
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GROWTH OF THE YOUHG MALE RAT IN A HYPEROXIC ENVIRONMENT 

I. INTRODUCTION 

Manned space travel of an extended dura¬ 
tion is fast becoming a reality. Because of the 
prolonged nature of such proposed extrater¬ 
restrial flights, maintenance of a suitable en¬ 
vironment is imperative. Choice of the 
atmosphere within the spacecraft remains a 
critical area of investigation, and much is still 
to be said for a one-gas, pure oxygen system. 
In selecting any such atmosphere, one should 
try to achieve a normal alveolar oxygen partial 
pressure. Because of the length of future 
space excursions, however, one may never com¬ 
pletely discount the possibility that symptoms 
of oxygen toxicity may develop if the atmos¬ 
phere is not properly maintained. Another 
problem is the lack of nitrogen in such an 
atmosphere and its possible deleterious effects 
on the individuals in the space vehicle. 

Young male rats, beginning at approximate¬ 
ly 30 days of age, were maintained in a 
hyperoxic environment for periods up to 
8 weeks. In order to exaggerate the conditions 
under which symptoms of oxygen toxicity are 
likely to develop, an oxygen partial pressure 
of 369 mm. Hg was chosen. These rats were 
taken to a simulated altitude of 380 mm. Hg 
(18,000 ft.) and lived in a near complete lack 
of nitrogen during this period. 

In the past, normal growth in the rat has 
been investigated by measuring weight gain of 
the whole body and also of the individual or¬ 
gans and tissues (11). In some instances this 
may be misleading, as in fat deposition in 
which there is an increase in body weight but 
no increase in cell proliferation. Consequently, 
in recent years various investigators have em¬ 
ployed new variables for measuring the growth 
rate of the postnatal rat (12, 16, 35). 

An increase in the weight of an organ or 
tissue may be the result of an increase in the 
number of cells (hyperplasia) or in tfle size of 
the cells (hypertrophy). On the basis of the 
premise that there is a constant amount of 
deoxyribonucleic acid (DNA) per diploid nu¬ 
cleus (21, 29), one can estimate the number 
of cells in a particular organ if the total DNA 
content of that organ is known. With the 
assumption that there is one nucleus per cell, 
additional information may be obtained con¬ 
cerning the size of the constituent cells of an 
organ if the total weight of that organ is 
known. 

Protein is the major nonaqueous component 
of most cells. A determination of the total 
protein content of an organ has been employed 
as an index of weight gain which is not due to 
an increase in the number of cells (12, 20). As 
a reliable index of the rate of such an increase, 
the rate of incorporation of a labeled amino 
acid into liver protein has been used (25, 33). 

It has been shown that the maximum rate 
of ribonucleic acid (RNA) synthesis occurs be¬ 
fore the maximum rate of protein synthesis in 
the developing rat liver (23). Furthermore, 
glandular organs such as pancreas, liver, and 
intestinal mucosa, which synthesize large 
amounts of protein, are rich in RNA (8, 23). 
This is also true for such organs as spleen, 
thymus, and testis in which mitoses are fre¬ 
quent (8, 23). On the other hand, tissues 
which divide less frequently (brain, heart, and 
skeletal muscle) have much lower concentra¬ 
tions of RNA (8). Thus, determination of 
the concentration of RNA in a particular organ 
will yield information concerning the capability 
of that organ for synthesizing protein. 

Finally, modifications of cellular enzyme 
systems have been shown to occur during 
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development and aging (5). Many studies 
have shown that certain enzymes possess 
molecular heterogeneity, and the most thor¬ 
oughly studied system of this type is lactic 
dehydrogenase (LDH). This enzyme has been 
separated into five subunits or isozymes which 
are various tetrameric combinations of two 
basic subunits (19). Changes in an organ 
during growth and development result in a 
corresponding alteration of its characteristic 
isozyme pattern (13). Recently, this has been 
shown to occur in the tissues of the neonatal 
rat (6). Whether such tissue alterations dur¬ 
ing development are reflected in changes in the 
serum isozyme pattern is one of the aims of 
the experiment to be described. 

Changes that might be detected in the 
parameters just described will reflect modifica¬ 
tions in the cell proliferating mechanisms and 
in the protein synthesizing systems of the 
various organs during growth and development. 
Such alterations should lead to a clearer under¬ 
standing of the fundamental changes involved 
in growth and development of the rat in the 
experimental environment. 

II. EXPERIMENTAL PROCEDURE 

White male rats of the Charles River CD* 
strain were used in this experiment. Both 
experimental and control rats were obtained 
at 24 ± 2 days of age and were maintained at 
ground level for a 7-day conditioning period. 
They were housed in galvanized steel cages, 
2 animals per cage, and were fed Purina 
laboratory chow and permitted water ad 
libitum. Feeding, watering, and changing of 
the bedding were performed every day except 
Saturdays. 

The experimental animals were maintained 
in the USAFSAM two-man low-pressure cham¬ 
ber, which has automatic environmental con¬ 
trols. This chamber had an internal volume of 
10.76 m.8 with a pass lock of 5.38 m.3 The 
control rats were kept in a rectangular cham¬ 
ber (31), which also possessed a pass lock and 
automatic environmental controls. The en¬ 
vironmental conditions for each chamber dur¬ 
ing the 8-week experiments are summarized in 
table I. 

TABLE I 

Environmental conditions 

Total pressure 
(mm. Hg) 

Control 
(mean ± S. D.) 

Experimental 
(mean ± S. D.) 

747.1 4.1 379.9 .3 

Oxygen partial 
pressure (mm. Hg) 150.0 7.5 368.9 ± 2.8 

Carbon dioxide partial 
pressure (rnm. Hg) 

Nitrogen (mm. Hg) 

Relative humidity ( % ) 

Temperature (°C.) 

2.54 ± .98 

576.8 ± 13.1 

72.7 ± 4.6 

23.5 ± .2 

.43 ± .49 

.91 ± .61 

45.7 ± 9.0 

23.9 ± .4 

Ten rats, randomly selected, were sacrificed 
initially (just before exposure of the remain¬ 
ing animals to the experimental and control 
environments), and after 2, 4, 6, and 8 weeks 
of exposure. Six of the 10 rats were employed 
for the following measurements: total body 
weight, organ weights, nucleic acid and protein 
analysis of the previously mentioned organs, 
total LDH and its isozymes, and adrenal 
corticosterone. The remaining 4 rats were 
used for the measurement of total body weight, 
liver weight, and radioisotope uptake studies. 

Sacrifice, blood sampling, necropsy, organ 
weighing, and radioisotope uptake studies were 
performed in the pass lock in the experimental 
and control atmospheres, respectively. The 
animals were sacrificed by decapitation and 
the blood obtained by exsanguination. The 
adrenal, kidney, liver, testis, spleen, lung, 
heart, and brain were quickly removed, chilled 
in a crushed ice slurry, blotted on gauze, rapid¬ 
ly weighed, and placed in a jar packed in 
crushed ice. After exit from the lock, the 
organs were stored at —20° C. until analysis. 
After centrifugation, the serum samples were 
stored at 4° C. for LDH determinations the 
next day. The chilled livers containing the 
radioisotope were taken to the laboratory and 
processed on the day of sacrifice. 

Before the nucleic acid and protein analysis, 
an entire organ or a 1-gm. aliquot of it was 
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homogenized at 4° C. with distilled water. 
For the heart and lung, a 10% homogenate was 
made using a Sorvall Omnimixer. With brain, 
liver, kidney, spleen, and testis, a 20% 
homogenate was made employing a glass-Teflon 
homogenizer. For adrenal analysis, six right 
adrenals were pooled and homogenized in 

2.2 ml. of distilled water. Duplicate, 1-ml. 
portions of each homogenate were taken for 
the determination of DNA, RNA, and protein 
by the method of Schmidt and Thannhau- 
ser (28) as modified by Wannemacher et 
al. (83). This procedure is presented as a flow 
sheet in figure 1. Total serum LDH activity 

Tissue homogenate 

Cold acid 
extraction 

Acid-soluble 
fraction 
(small molecules) 

Lipid fraction 
(phospholipids) 

Lipid solvents 

Digestion in alkali 
(0.3N KOH for 60min. 
at 370 C. ) 

Protein 
by Biuret 
reaction 

Acidification 

!- 
Acid-soluble RNA 

fraction 
I 

RNA by UV absorption 

Precipitate of DNA and 
protein 

I 
DNA extracted with 
0.8N HCIO4 for 45 min. 
at 96° C 

Acid extract Residue 
containing hydrolysis 

products of DNA 

DNA by UV 
absorption 

figure 1 

Outline of the procedure for the determination of DNA, RNA, and protein in animal tieeuee. 
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was determined at 27° C. according to the 
method of Bowers (7). The disc gel elec¬ 
trophoretic technic of Davis (9) was employed 
for the separation of the LDH isozymes. After 
electrophoresis at 2.5 ma. per sample tube for 
70 minutes, the gels were placed in the reaction 
mixture ol Goldberg and Gather (14) and in¬ 
cubated in the dark for 2 hours at 37.5° C. 
The gels were read in a Photovolt automatic 
densitometer with electronic integrator. The 
method of Zenker and Bernstein (36) was em¬ 
ployed for the determination of adrenal cor¬ 
ticosterone. 

The amount of 14C-leucine incorporated into 
liver protein was determined on 4 of the rats 
while in their respective environments. The 
uniformly labeled L-leucine (New England 
Nuclear Corp.), having a specific activity of 
231 mc./mM., was diluted to 1 ¿ic./ml. with 
sterile isotonic saline before injection. Thirty 
minutes before sacrifice, the rat was injected 
intraperitoneally with this solution at 1 ^c./ 
100 gm. body weight. The animal was 
sacrificed by decapitation, and the liver quick¬ 
ly removed and placed in a crushed ice slurry. 
A 10% homogenate in cold tris buffer, pH 7.4, 
was made. Duplicate 1-ml. aliquots were taken 
and the radioactivity in the liver protein was 
determined according to the method of Niren- 
berg (22). The samples were counted in a 
thin-window, gas-flow Geiger counter. 

Hi. RESULTS 

Of the 60 young male rats placed in the 
hyperoxic environment, none died from symp¬ 
toms of oxygen toxicity during the 8 weeks of 
exposure. After 5 weeks of exposure, a rat 
with a badly festered eye was removed from 
the chamber and taken to Veterinary Pathol¬ 
ogy for examination. Results indicated that 
the injury may have occurred during a fight 
with its cage partner. 

One week prior to beginning the experiment 
the control rats had an average body weight of 
45.6 gm., whereas the rats to be in the 
hyperoxic environment averaged 59.1 gm. As 
shown in table II, the rats in the experimental, 
hyperoxic environment grew slightly faster 
than did the control rats during the first 

TABLE II 

Actual weight gain of young rats in the control 
and experimental environments 

Week of 
experiment 

Weight of controle 
(srm.) 

Weight of 
experimentais (gm.) 

Mean*' S.D. Mean* | S.D. 

-1 

0 

+2 

+ 4 

+ 6 

+ 8 

45.6 

85.1 

166.0 

257.0 

326.1 

377.1 

2.6 

6.0 

28.3 

30.4 

41.6 

34.1 

■...r 

69.1 - 7.2 

112.8 10.6 

223.7 11.4 

316.8 39.1 

379.6 17.7 

441.5 52.1 

•Each value is the mean of 10 rata. 

2 weeks of the experiment; however, during 
the next 4 weeks, the control animals grew 
more rapidly than did the experimental rats. 
During the remaining 2 weeks, both control 
and experimental animals grew at approxi¬ 
mately the same rate. During the entire 
8 weeks of the experiment, the control animals 
increased their weights by 443%, while the 
altitude group showed an average increase of 
391%. 

The data on the organ weights are present¬ 
ed in figures 2 and 3 in terms of weight per 
100 gm. body weight, while the actual organ 
weights may be found in table III. Body 
weight in both groups of rats increased at a 
faster rate than did the organ weights. Total 
organ weights (table III), in all cases except 
the spleen, were higher for the experimental 
group. When these values were put on a unit 
body weight basis, however, the opposite was 
true for the spleen, testis, lung, brain, and liver. 
When kidney, heart, lung, brain, and liver of 
each group were compared on a unit body 
weight basis, there were only negligible dif¬ 
ferences. The spleens of the experimental 
animals were considerably lower than those of 
the control animals during the entire 8 weeks 
of the experiment (fig. 2). During the first 
4 weeks of the experiment, the testes of the 
oxygen-exposed rats increased at a slightly 
faster rate than did their bodies (fig. 2). Dur¬ 
ing the latter half of the experiment, the 
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o 

WEEKS OF EXPERIMENT 

FIGURE 2 

Organ weight! per 100 gm. body weight in the control and experimental animals. 

adrenals of the experimental rats were decreas¬ 
ing in weight per unit body weight at a slower 
rate than were those of the control animals 
(fig. 3). 

The data on the nucleic acid and protein 
analysis of the eight organs are presented in 
tables IV through XI. Total DNA content of 
the livers of both control and experimental 
animals continued to increase during the 
8 weeks of the experiment (table TV). Total 
protein content also increased in both groups 
but showed signs of leveling off in the experi¬ 
mental animals. An increase in organ weight 
without an increase in total protein might be 
attributed to fat deposition or an increase in 

interstitial fluid. A pattern of growth, similar 
to that in liver, was found in the testes of both 
the control and experimental animals (table V). 

An increase in total DNA content was 
evident in the heart and adrenal of the controls 
but only during the first 6 weeks of the ex¬ 
periment (tables VI and VII) ; however, these 
two organs in the oxygen-exposed animals con¬ 
tinued to increase in weight by net cell divisio.. 
during the entire 8 weeks. Total protein con¬ 
tent increased throughout the 8 weeks of the 
experiment in both groups of animals. Net 
cell division or “true" growth continued in the 
kidneys of the oxygen-exposed rats during the 
8 weeks of the experiment (table VIII). Such 
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WEEKS OF EXPERIMENT WEEKS OF EXPERIMENT 

FIGURE 3 

Organ weights per 100 gm. body weight in the control and experimental animals. 

a trend with the kidneys of the control rats 
was not evident; hence, the results with this 
group were more difficult to interpret. 

The values for lung DNA content indicate 
that net cell division has stopped during the 
middle of the experiment for both groups 
(table IX). Total protein content has also 
leveled off for both groups during this period, 
indicating that organ enlargement during the 
latter half of the experiment may be due to 
fat deposition or an increase in water content. 
The spleens of the control rats continued to 
grow by an increase in cell number during the 
first 6 weeks of the experiment, but in the 
oxygen-exposed animals, net cell division had 

stopped after the first 2 weeks (table X). This 
pattern was almost duplicated in the total pro¬ 
tein content of the spleen in both groups of 
animals. In the brains of the control animals, 
total DNA content was constant during the 
entire 8 weeks of the experiment (table XI), 
indicating that net cell division had stopped 
before the experiment had begun. This was 
not quite as evident with the experimental 
animals. Total protein content in both groups 
remained essentially constant during the latter 
half of the experiment. 

Both the control and experimental animals 
incorporated 14C-leucine into liver protein at 
approximately the same rate during the first 
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TABLE III 

Total organ weights* in control and experimental rats 

Week of 
experiment Animals Kidney Heart Brain Lung Liver Spleen Testis Adrenalt 

Control 

Experimental 

Control 

Experimental 

Control 

Experimental 

Control 

Experimental 

Control 

Experimental 

0.55 

0.02 

0.75 

1.20 

1.13 

1.40 

1.20 

1.40 

1.41 

1.63 

0.48 

0.51 

0.67 

0.95 

0.90 

1.10 

1.00 

1.26 

1.19 

1.40 

1.68 

1.55 

1.75 

1.83 

1.87 

1.98 

1.87 

1.96 

1.94 

2.00 

0.77 

0.85 

1.33 

1.40 

1.50 

1.77 

1.71 

1.78 

1.77 

1.93 

4.31 

5.45 

8.23 

10.72 

11.44 

13.82 

13.li 

15.32 

14.50 

10.00 

0.48 

0.43 

0.00 

0.77 

0.73 

0.77 

0.01 

0.77 

0.87 

0.80 

0.41 

0.49 

0.82 

1.01 

1.27 

1.57 

1.45 

1.59 

1.60 

1.74 

11.6 

13.2 

15.8 

19.3 

20.4 

21.2 

20.- 

26.3 

21.4 

28.0 

•Each value in the mean obtained from (1 rata. 

tAilrcnal weights are in milligram», while the other organ weights are in grams 

2 weeks of the experiment (table XII). There 
was, however, an upward trend, possibly 
stimulatory, in the experimental rats during 
the remaining 6 weeks. 

Total LDH in the serum of the controls 
showed an upward trend during the last 
6 weeks of the experiment, which did not occur 
in the experimental group (table XIII). With 
the exception of an increase in LDH-1 in both 
groups, the other four isozymes in either group 
of animals did not display an upward c” a 
downward trend during the experiment. LLH-3 
did not occur to a measurable degree in thi 
serums of the control rats. 

Although the results on the adrenal 
corticosterone of the experimental rats were 
incomplete, the remaining values were not ap¬ 
preciably different from those of the controls 
(table XIV). Because the initial values for 
the two groups differed considerably, a valid 
comparison of the remaining values could not 
be made. 

IV. DISCUSSION 

Although none of the experimental animals 
die i from symptoms of oxygen toxicity, such 
symptoms in the lung were quite pronounced 
in all the rats sacrificed during the 8 weeks 
in the hyperoxic environment. At 2 weeks of 
exposure a large portion of the lung (40% to 
60'I ) was hemorrhagic and contained edema- 
filled alveoli. By 4 weeks of exposure, the 
entire lung appëared this way; however, the 
rats appeared to grow normally throughout the 
entire 8 weeks. 

Mortalities as high as 30% were found ir 
rats of the Wistar strain exposed for extended, 
periods of time to a pure oxygen atmosphere 
at 258 mm. Hg total pressure (15) ; however, 
exposure of Sprague-Dawley rats to this en¬ 
vironment for 235 days did not produce this 
increased mortality (15). It has been deter¬ 
mined that there is a strain difference in their 
resistance to increased oxygen partial pres¬ 
sures at decreased barometric pressure (27). 
The growth rate of the oxygen-exposed rats ir. 
the present study was essentially identical to 
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that of a group of rats of the same strain ex¬ 
posed to a pure oxygen atmosphere at 210 mm. 
Hg total pressure by Pepelko (24). 

The growth rate curves for the various 
organs in both groups of rats were similar 
and compared favorably with those presented 
by Widdowson and McCance (34). The actual 
organ weights were also in agreement with 

TABLE Xn 

Incorporation of XAC-leucine into rat liver 
protein 

Week of 
experiment 

Controls 
(c.p.m./mg. protein) 

Experimentale 
(c.p.m./mg. protein) 

0 

2 

4 

6 

8 

88.6 ± 18.1* 

82.3 ± 10.9 

40.1 ± 10.2 

38.9 ± 7.2 

42.6 ± 8.6 

86.7 ± 8.3 

82.6 ± 7.4 

33.6 ± 4.6 

88.6 ± 1.7 

45.9 ± 12.2 

•Um ± S.D. 

those found in the literature (12, 16, 17, 26, 
30). Of the eight organs analyzed, only the 
spleens of the experimental animals grew at a 
slower rate than did the spleens of the controls. 
Although there was only the slightest indica¬ 
tion that the adrenals of the experimental rats 
were producing more corticosterone than were 
the adrenals of the control rats (table XIV), it 
may have been sufficient to cause the slight 
increase noted in the adrenal weight per 
100 gm. body weight over that of the control 
rats (fig. 3). 

Values for the DNA, RNA, and protein 
concentrations in the organs of both the control 
and experimental rats were well within the 
limits of the values given in the literature 
(1, 3, 4, 10, 12, 26, 32, 36). The values listed 
in tables IV through XI under “total DNA con¬ 
tent” provide information as to whether a 
particular organ has increased in weight by 
net cell division (hyperplasia). If this value 
is constant, the total number of nuclei in the 
organ remains unchanged (12, 36). If net 
DNA synthesis has stopped but the weight of 
the organ has continued to increase, then the 

TABLE XIII 

Total serum lactate dehydrogenase (LDH) and LDH isozymes from 
control and experimental animals 

Week of 
experiment Animals 

Total LDH* 
(units/ml.) 

LDH isozymes (% of total activity) 

No. 1 No. 2 No. 3 No. 4 No. 6 

Control 

Experimental 

Control 

Experimental 

Control 

Experimental 

Control 

Experimental 

Control 

Experimental 

1,866 

1,822 

1,643 

1,469 

1,888 

1,410 

2,107 

1,660 

2,681 

2,204 

11.6 

8.1 

12.0 

6.1 

10.4 

10.8 

13.8 

18.2 

17.1 

16.1 

20.3 

20.6 

16.6 

14.2 

17.9 

17.0 

17.7 

16.8 

17.2 

12.6 

0.6 

1.3 

trace 

1.9 

trace 

1.0 

trace 

0.2 

24.3 

27.9 

23.5 

23.8 

22.3 

28.5 

21.1 

26.1 

23.4 

21.3 

43.8 

43.0 

48.0 

56.6 

40.4 

42.0 

47.6 

43.0 

42.3 

60.9 

•On. unit of LDH = i0D of O.OOl/min./nsL of »rum ot Í7* C, 
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TABLE XrV 

Adrenal corticosterone in control and experimental rats 

Week of 
experiment Animals 

Control 

Experimental 

Control 

Experimental 

Control 

Experimental 

Control 

Experimental 

Control 

Experimental 

Mg./adrenal 

0.12 ± .05* 

0.66 ± .34 

0.42 ± .20 

1.18 ± .29 

1.43 ± .39 

1.20 ± .36 

1.46 ± .66 

1.02 ± .38 

Mg./100 mg. adrenal 

1.05 :t .39 

4.98 ± 2.46 

2.65 ± 1.11 

5.93 ± 2.06 

6.63 ± 1.06 

6.55 ± 2.44 

6.22 ± 2.42 

4.84 ± 1.98 

Mg./100 mg. adrenal/ 
100 gm. body wt. 

1.21 ± .41 

4.43 ± 1.97 

1.79 .74 

2.49 ± 1.17 

2.11 ± .36 

1.84 

1.42 

1.26 : 

.38 

.40 

.49 

•Mean ± S.D. 

increase is due io cell enlargement (hypertro¬ 
phy), and the values listed under “total protein 
content” will likely show a corresponding in¬ 
crease. The rats used in this study had an 
average age of 30 days at the beginning of 
the experimental phase. During the first 
3 months of age, the livers of both control and 
experimental animals continued to grow both 
by an increase in cell number and in ctll size 
(table IV). These results were in accord with 
those of other workers (12, 35). The testes of 
both groups of animals also continued to in¬ 
crease by net cell division, or “true” growth, 
more so than by cell enlargement during the 
animals first 3 months of age. This is evident 
from the fact that total protein content showed 
signs of leveling off toward the end of the 
exp< riment (table V). In the work of Enesco 
and Leblond (12), cell division had almost 
ceased by 2 months of age, and cell size along 
with the total organ weight had reached a 
constant value at this time. It should be men¬ 
tioned that these investigators were using rats 
of the Sherman strain. 

Indications of a possible stimulatory effect 
of the hyperoxic environment were found in 
heart muscle in which the number of nuclei 

continued to multiply to 3 months of age in 
the experimental animals but not in the con¬ 
trols (table VI). Other investigators have 
shown that d aring this time, the total number 
of nuclei in the heart was increasing very 
gradually, having almost reached its adult 
value (12, 35). Similar indications of a 
stimulatory effect were even more evident 
when the adrenals were examined (table VII). 
There was a 350% increase in total DNA con¬ 
tent of the adrenals of the experimental 
animals but only a 20% increase in those of 
the controls. The results also indicate that 
cell enlargement by net protein synthesis has 
ceased in the controls 30 days earlier than in 
the experimental rats. Values for the adrenals 
of the experimental rats agreed quite well with 
those of the Sherman rats (12). Finally, a 
slight stimulatory effect was seen in the 
kidneys of the experimental animals, which 
indicated the total number of nuclei in this 
organ was increasing at 3 months of age 
(table VIII). The results from the control 
rats did not show this upward tre .d and, hence, 
were more difficult to interpret. Experiments 
with Sprague-Dawley rats indicate that net 
cell division in the kidney has stopped after 
45 days (35). 
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Growth of the lung by a net increase in 
the number of cells has ceased in both the 
control and experimental animals by the time 
they have reached 2 months of age (table IX). 
Increase in organ size by net protein synthesis 
has also stopped at approximately the same 
time. These results do not agree with those 
of Winick and Noble (35), who showed that 
“true” growth in the rat lung of Sprague- 
Dawley animals had ceased at 2 weeks of age. 

The only instance of a possible inhibitory 
effect on the oxygen-exposed animals was seen 
in the spleen. The organs of the control rats 
continued to grow by an increase in cell number 
and in cell size at a time when both of these 
processes had stopped in the experimental rats. 
Results of Winick and Noble (35) indicate that 
net cell division occurred in the spleen for 
2 more months. 

animals had reached 2 months of age (table II) 
This was not true, especially in the experi¬ 
mental animals (table XII). Although the 
body weight had increased at a slower rate 
dunng the latter 4 weeks of the experiment, 
two other factors which might contribute to 
this increased rate of protein synthesis should 
be considered. Because of the turnover rate 
of the many different proteins in the body 
much of the rat’s protein begins to require 
replacement as the rat grows older. Also 
because the liver is the major site of plasma 
protein synthesis (23), a greater demand for 
new protein will be placed on the liver as the 
volume of plasma increases. Thus, as the rat 
grows older, it must synthesize new protein 
not only for structural requirements, but also 
for replacement in the tissues and in the 
increasing volume of plasma. 

Results reported by Mandel and Bieth (18) 
indicate that the cell number in rat brain 
reaches its final adult level at 16 days after 
birth. Values on the control rats from the 
present study substantiate their results, but 
the same conclusions could not be drawn from 
the oxygen-exposed animals (table XI). In¬ 
crease in organ weight by an increase in net 
protein synthesis was almost nonexistent in 
both groups of animals. 

The RNA concentrations in the organs 
studied remained essentially constant during 
the 8 weeks of the experiment. These findings 
were in agreement with the results of Les¬ 
lie (17) and Winick and Noble (35). Studying 
growth in the early postpartum rat, Oliver 
et al. (23) showed that RNA concentration 
reached a peak at 15 days after birth and then 
dropped slightly to its constant adult level. 
The slight upward trends in the concentration 
of this nucleic acid from th“ lung and spleen of 
the control rats (tables IX and X) remain 
unexplained. 

It was thought that the rate of protein 
synthesis as measured by uptake of 14C-leucine 
into the liver would decrease with the age of 
the rat because a slower rate of increase in 
whole body weight was observed after the 

The LDH isozymes were studied in rat tis¬ 
sues up to 45 days after birth by Blatt et 
al. (6). These investigators showed that the 
predominant subtype at birth was the muscle 
form (LDH-5), suggesting anaerobic glycoly¬ 
sis, and that development of the animal was 
characterized by an increase in the ratio of 
heart subtype (LDH-1) to muscle (LDH-5) in 
all tissues studied. In the present investiga¬ 
tion, examination of the serums of the growing 
animals for alterations in their isozyme pat¬ 
terns showed a slight upward trend for LDH-1 
as the animals developed. There was a slight 
but significant amount of hemolysis in the 
serum samples which tended to mask any ad¬ 
ditional changes. As for the elevation in total 
LDH activity of the controls with time, it is 
known that the erythrocyte of the rat, con¬ 
taining 100 times as much LDH activity as 
the serum (7), is very fragile and undergoes 
hemolysis quite readily (2). A young rat, 
30 days of age, has a younger, less fragile 
population of erythrocytes than does a 90-day- 
old rat; hence, the erythrocytes of the older 
rats would have a greater tendency to hemolyze 
and effectively elevate the total LDH activity 
in the serum. 

The relative humidity in the chamber hous¬ 
ing the oxygen-exposed animals had an average 
value of 45.7%, whereas the control chamber 
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averaged 72.7%. Examination of the protein 
concentrations of the various organs (tables IV 
through XI) indicated that the experimental 
animals had not become dehydrated during the 
8 weeks of exposure to this lower humidity. 
Had the kidneys not been able to compensate 
by excreting less water in the urine, the protein 
concentration of the various organs would have 
increased. 

The question as to whether the parameters 
chosen in this study adequately describe 
growth and the many ramifications of such a 
process are open to discussion. By examining 
the results obtained with both groups of ani¬ 
mals during the 8 weeks of the experiment, 
it is concluded that the oxygen-exposed animals 
were not adversely affected by the hyperoxic 
environment. 
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