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liver protein following hydrazine treatment 
were opposed to those due to fasting alone, 
these changes could not be ascribed to pro- 
tein nutritional factors. Moreover, the change 
in liver protein correlated directly with in- 
crease in liver RNA. These results suggest 
that hydrazine treatment may stimulate liver 
protein biosynthesis in vivo. The present 
study demonstrates that hydrazine-induced 
changes in liver protein and RNA are 
preceded by alteration in liver deoxyribo- 
nucleic acid (DNA) content. 

Methods. Four groups, each containing 30 
adult male Sprague-Dawley rats, were treated 
as follows: two groups were injected intra- 
peritoneally with 40 mg/kg of hydrazine 
(brought to pH of 7.4 with C 0 2 )  ; of these 
2 groups, one was fasted for 4 hours and the 
other for 24 hours before being sacrificed. The 
other 2 groups were injected intraperitoneally 
with isotonic saline, and one was fasted for 
4 hours, the other for 24 hours before being 
sacrificed. At time of sacrifice, animals were 
anesthetized with sodium pentobarbital (50 
mg/kg), and exsanguinated via the renal 
vein. Livers were removed, promptly weighed, 
and frozen. After 3 days, each liver was 
thawed, homogenized in distilled water, and 
concentrations of protein, RNA, and DNA 
were determined by the procedure of Wan- 
nemacher et a2 ( 10) .  An additional deter- 
mination of DNA concentration was per- 
formed on an aliquot of the nucleotides liber- 
ated by perchloric acid hydrolysis of the 
DNA using the diphenylamine reaction ( 1 1 ) . 

Blood was collected in centrifuge tubes and 
allowed to clot overnight in the refrigerator. 
Total serum protein concentration was de- 
termined by the biuret method of Layne( 12). 
Serum proteins were separated by paper 
electrophoresis, stained with bromphenol blue 
and their concentrations estimated using an 
“ Analytrol” densi tometer. 

Data were analyzed statistically by an 
analysis of covariance with initial body 
weight considered as a covariant ( 13). Means 
for the various parameters were adjusted to 
take into account variation of the initial 
body weight. Standard deviations were cal- 
culated from the pooled variance from the 4 
groups. Pooled variance represents the best 

Y 

estimate of the true variance of the popu- 
lation for each statistic( 13). Prior to ex- 
perimentation, a p < 0.01 was selected as the 
acceptable level of significance. 

The effect of hydrazine on the several 
parameters was obtained by comparing data 
from the hydrazine treated rats with data 
from the corresponding fasted controls for 
each time period. The effect of fasting alone 
was obtained by comparing data from the 
4- and 24-hour control groups. 

Results and discussion. Hydrazine treat- 
ment produced increases in total liver protein 
and RNA after 24 hours. These increases 
were similar in magnitude to those reported 
previously (9 ) .  Changes in liver protein and 
RNA correlated with an increased liver 
weight in the 24-hour animals (Fig. lA, B, 
and C). Elevation in the quantity of liver 
protein and RNA 24 hours after hydrazine 
treatment was accompanied by a significant 
increase in protein/DNA and RNA/DNA 
(Table I ) .  Similar changes in liver protein 
and RNA were not observed at 4 hours fol- 
lowing hydrazine treatment (Table I and Fig. 
l B ,  and C).  In fact, protein/DNA was 
significantly lowered by hydrazine treatment 
at 4 hours in comparison to the control value 
(Table I). 

Fasting alone produced a significant reduc- 
tion in total protein (Fig. 1B) as well as 
protein/DNA (Table I ) .  This result con- 
firms previous findings in fasting animals ( 14). 
Therefore, the observed effects of hydrazine 
treatment on liver protein cannot be ascribed 
to lack of nutritional factors associated with 
fasting. This conclusion is supported by 
the fact that liver protein/RNA was con- 
stant for all 4 groups (Table I ) ,  indicating 
that protein found in the liver was quan- 
ti’tatively related to one component of pro- 
tein synthesizing capacity of the organ. This 
ratio has been shown to be a constant in vivo 
when rats have been fed protein regimes of 
widely varying nutritional value( 15). 

Even though liver protein content was not 
affected at  4 hours, hydrazine treatment pro- 
duced a significant increase in total quantity 
of liver DNA at this early time period (Fig. 
1D). Increased liver DNA produced by hy- 
drazine treatment persisted for at least 24 
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FIG. 1. Effect of hydrazine treatment on liver weight, total liver proltein, total liver RNA 
and total liver DNA at  4 and 24 hiours following treakment. The bar represents mean 
values (adjusted for iniltial body weight covaniance). Standard error of mean is indicated 
at tsop of each bar(l3). 

hours, but this quantity was not affected by of cells or it may be the result of a metabolic 
fasting alone. Although the increase in liver aberration such that some cells were stopped 
DNA following hydrazine treatment was not in a phase in which DNA was replicated, but 
large, any significant alteration in quantity of the cell had not divided. In  either event, 
functional DNA could produce profound al- results of these experiments indicate that hy- 
terations in the cellular protein biosynthetic drazine treatment produced a liver which 
mechanism. contained a significantly increased ratio of 

Since the total quantities of DNA were protein to DNA after 24 hours. 
altered by hydrazine treatment a t  both time Since Freese e t  aZ(17) reported that ultra- 
periods, one cannot assume that DNA con- violet absorption of acid-liberated pyrimidine 
centration was a direct function of the nucleotides was altered when isolated from 
number of cells as has been reported for nor- T4 phages after they were exposed to hy- 
ma1 liver( 16). This alteration in liver DNA drazine, DNA concentrations were estimated 
content may represent an increased number by two methods; viz, the diphenylamine color 

TABLE I. Coinparison of Liver Protein and RNA Ratios for Control and Hydrazine-Treated 
Rats. 

Treatment Time (hr) Protein/DNA" RNA/DNA* Protein/RNA 

Control 4 100.37 8.950 11.48 
Hy drazine 4 86.94 7.895 10.98 
Control 24 70.88 6.512 10.83 
Hy dr azine 24 83.34 7.442 11.29 
Standard deviationt 16.88 1.078 1.995 

* Diphenylamine method. 
t Calculated from the pooled variance. See Ref. 13. 
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TABLE 11. Comparison of Liver DNA Concentra- 
tion of Control and Hydrazine-Treated Rats by 

increased levels of liver protein and RNA in 
rats a t  24 hours following a single sub-con- Treat- Time DNA* DNA t 

ment (hr) (mg/g liver) (mg/g liver) vulsive dose of the compound. These changes 
were not observed as early as 4 hours after 

le515 hydrazine treatment. However, increased Control 4 1.320 
Hydrazine 4 1.399 1.569 
Control 24 1.872 2.066 levels of liver DNA were observed at  4 hours 
Hydrazine 24 1.402 1.623 as well as at  24 hours in comparison to con- 
Stand. dev.S .237 .220 trol values. These results might suggest that 

* Ultraviolet absorption method. hydrazine treatment produced an initial 

Summary. Hydrazine treatment resulted in 
Two Assay Procedures. 

Diphenylamine method. 
Calculated from the pooled variance. See Ref. aberration in liver DNA metabolism which 

resuilted in subsequent alterations in the 

TABLE 111. Serum Protein Concentrations* of Control and Hydrazine-Treated Rats. 

Treatment Time (hr) Total protein Alb. a1 a? B y A/G 

Control 4 5.493 2.53 .99 .56 .81 .61 .86 
Hydrazine 4 5.734 2.59 1.00 .58 .86 .70 .84 
Control 24 5.602 2.52 1.03 .58 .85 .62 .82 
Hydr mine 24 5.819 2.53 .96 .70 .93 .69 .78 
Standard deviationt .419 .10 .13 .12 .13 .17 .14 

* Concentrations are given in  g/100 ml serum. 
t Calculated from the pooled variance. See Ref. 13. 

reaction( 1 1 )  , which is specific for the deoxy- 
ribose portion of the molecule, and the 
method( 10) based upon ultraviolet ab- 
sorption of nucleotide bases. In our experi- 
ment the results from these two methods cor- 
related very well with one another. The 
diphenylamine results were consistently 
higher, but the statistical significance of the 
several comparisons between experimental 
groups was unaffected by the assay method 
which was employed (Table 11). 

Results of these experiments are consistent 
with the hypothesis that hydrazine produced 
an initial alteration in DNA metabolism 
which resulted in an increased RNA content 
and consequently an increased protein con- 
tent of liver. One might speculate that the 
increased protein may not include all liver 
proteins but only a selective group. Of the 
several serum proteins which appear to be 
produced in liver( 18) , only the alpha 2 glo- 
bulin concentration was increased by hy- 
drazine treatment after 24 hours (Table 111). 
Concentrations measured are circulating 
levels ; therefore, any inference concerning 
selective alteration of protein biosynthesis by 
hydrazine would need to consider the pos- 
sibility of a selective release of these pro- 
teins from liver into serum. 

RNA and protein content of that organ. 

The au,thIoas wiah ti0 express their lappreciation to 
Mr. Dan Lurie, Bioimetria Department, USAF School 
of Aerospace Medkine, for &atistical analysis of 
the data anid TSgt (Coky Devlin for #technical a s i s -  
tance . 
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Effects of Extreme Environmental Oxygen Tensions on Periosteal 
Proliferation of Mouse Femora.” (31801) 

S. MANSPEIZER AND E. A. TONNA 
Department of Orthopaedics, Albert Einstein College of Medicine, New York, and Medical Research 

Center, Brookhaven National Laboratory, Upton, L.I.,  New York 

The periosteum has a vast osteogenetic po- 
tential which is manifested in the healing of 
bones. Changes in rates of proliferation of 
the periosteum during growth, aging, and 
repair of bone have been described by the 
use of tritiated thymidine coupled with auto- 
radiography( 17-2 1).  Further studies have 
shown that the periosteal response to trauma 
is not directly related to the type of exudate 
which accumulates following injury ( 2  1 ) . 
However, i t  was felt that with the interruption 
of circulation and stagnation of blood, the 
resultant “local anoxia” could lead to the 
presence of a tissue factor capable of stimu- 
lating periosteal cell proliferation. The present 
study is an extension of this thesis and is 
designed to evaluate the effects of oxygen on 
the periosteum. More specifically, young mice 
were exposed to minimum and maximum oxy- 
gen tensions tolerable at  1 atmosphere, and 
the effects of this treatment on the mitotic ac- 
tivity of the periosteum were determined auto- 
radiographically following tritriated thy- 
midine ( H3TDR) administration. 

Methods and materials. Since in 5- to 6- 
weeks-old mice the maximum periosteal re- 
sponse post-fracture occurred at about 30 
hours, this time was chosen to evaluate the 
effects of oxygen on the periosteum. Pilot 
studies showed that a t  1 atmosphere pressure, 
the minimum and maximum oxygen levels 
tolerated were 5 %  and 100% oxygen. Thirty 
Swiss albino mice, age 5- to 6-weeks-old, were 
placed in a respiratory chamber in groups of 

*Research supported by NIH Grant #5 TI AM 
5440-01 land U.S. Atomic Energy Commission. 

5 and exposed to 5% 02, 100% Q2, and air. 
The chamber was adjusted to an inflow and 
outflow of 1.5 1Jmin. Soda lime was added 
to the chamber to absorb the expired COZ. All 
the mice had their left femora fractured at  
the midshaft by digital pressure under ether 
anesthesia, and their right femora were left in- 
tact. One hour before sacrifice the mice were 
given a sujbcutaneous injection of 0.5 pc of 
H3TDR (Sp. Act. = 1.9 CJmM) per g of 
body weight. At  the end of 30 hours the 
mice were killed and both femora and prox- 
imal tibiae were removed for fixation and 
decalcification. The tissues were prepared for 
autoradiography as previously described ( 17- 
21). Twenty more mice were exposed to 
similar environmental conditions after frac- 
turing the left femora and injecting 10.25 rnl 
of physiological saline just above the pe- 
riosteum of the right femora. T o  determine 
the earlier effects of 100% 02, the left femora 
of 10 additional animals were fractured; of 
these, 5 were exposed for 8 hours and the 
remaining 5 for 12 hours in the respiratory 
chamber. The percentage labeling of the 
osteogenic layer of the periosteum was deter- 
mined from autoradiographs prepared with 
NTB3 Kodak liquid emulsion (2 1 ) . The ratio 
of the number of labeled cells to the total 
number of cells counted in a given cell popu- 
lation in an animal sacrificed 1 hour after 
administration of H3TDR constitutes the 
labeling index, which is in turn multiplied by 
1010 to obtain the percentage of labeled cells. 

Results. The autoradiographs of  mice ex- 
posed to air revealed a cellular labeling of 




