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THIS REPORTS CONCERNS . .

a study of the normal activity of bone marrow cells to determine
whether the activity of these cells can be measured by the uptake of
radioactive phosphorus. The effect of sodium pentobarbital on the
cellular activity was tested.

IT IS FOR THE USEOF ...

radiobiologists, hematologists, biochemists, anesthesiologists, and
pharmacologists.

THE APPLICATION FOR THE AIR FORCE IS ...

to provide basic knowledge concerning formation of the blood com-
ponents, for possible application to acclimitization or radiation in-
jury studies.
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PRECIS

OBJECT:
To determine the concentration and the relative rate of formation of
desoxyribose nucleic acid (DNA) and of ribose nucleic acid (RNA)
in the bone marrow and spleen of normal rats. The effect of various
treatments on these cellular constituents will be studied.

SUMMARY AND CONCLUSIONS:
1. Normal values are presented for the desoxyribose nucleic acid
phosphorus and ribose nucleic acid phosphorus, as well as the rate
of uptake of P32by the DNA and RNA in the bone marrow and spleen
of adult rats.

2. Anesthetic doses of sodium pentobarbital were found to produce
a significant decrease in the relative rate of formation of DNA in the
bone marrow and spleen during a period of 5% hours.

3. The significance of these observations is discussed.
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EFFECT OF IRRADIATION ON P32 ypTAKE BY BONE
MARROW AND SPLEEN

l. Normal Yalues and the Effect of Sodium Pentobarbital

Desoxyribose nucleic acid (DNA) is found
almost exclusively in cell nuclei and is synthe-
sized during cell mitosis. Ribose nucleic acid
(RNA) occurs predominantly in the cell cyto-
plasm and is related to protein synthesis,
whether for growth, maturation, or sectetion.

The nucleic acid metabolism of various organs
and tumor tissue has been studied extensively
(1~4), but only a few isolated observations have
been reported on the intact bone marrow (5,6,7).
This organ is of particular interest because of
its very active cell division and cell maturation.

We have studied the concentration and the
relative rate of formation of DNA and RNA in

e bone marrow and spleen of the rat, After a
:acer dose of radiophosphorus (P32), the DNA
and RNA fractions were isolated and determina-
tions made of the phosphorus and P32, The
amount of phosphorus in each fraction is a
measure of the nucleic acid content, and the
percentage of injected P32 per milligram of phos-
phorus, or specific activity (SA), is an index of
the nucleic acid newly formed during the inter-
val studied. Thus the desoxyribose nucleic acid
phosphorus (DNAP) is a measure of the cellu-
larity of the bone marrow and the SA Ly, an
index of the rate of cell division. Further, the
tribose nucleic acid phosphorus (RNAP) is a
measure of the cytoplasmic content, while the
SApnap reflects in part the process of cell
maturation. This concept is supported by ex-
periments on irradiated rats (8), which show a
close correlation between the nucleic acid de-
terminations and the morphologic changes in the
bone marrow.

This paper presents the normal nucleic acid
values and shows that anesthetic doses of
sodium pentobarbital produce a significant de-
pression of the DNA formation in both the bone
marrow and spleen.

METHODS
White male rats of the Sprague-Dawley strain,
approximately 3 to 4 months old, were employed.
Their weights varied from 265 gm. to 330 gm.

Received for publication 18 November 1951

with an average of 297 gm. There was no dif-
ference between the average weights of the con-
trol and experimental series. The animals re-
ceived a diet of Rockland Dog Blocks and were
fasted for 12 hours before the infection of P32,

The control animals were injected intraperi-
toneally with l-microcurie carrier-free P3¢ per
100 gm. of body weight and sacrificed 4 hours
later. This tracer dose apparently did not cause
a depression of metabolic activity by irradiation
since the P32 uptake by the nucleic acid frac-
tions of bone marrow and spleen (using injec-
tions of 1 microcurie and 2 microcuries per 100
gm.) agreed within the experimental error of the
method. The experimental rats were anesthetized
by the intraperitoneal injection of S mg. of
sodium pentobarbital per 100 gm. weight. Radio-
phosphorus was given 1% or 24 hours after
anesthetization and the animals were sacrificed
4 hours after the tracer injection.

The animals were killed by a sharp blow to
the occiput. The femur and tibia of both hind
legs were removed immediately and the bones
opened transversely through the cancellous
portion with a small circular saw. The remainder
of the cancellous bone was curetted out with a
scalpel and the marrow expressed intact from
the shaft by air pressure from_a dry syringe. The
marrow content, averaging 120 mg. in weight,
from the four bones was collected on a clean
aluminum foil contained in an ice-cold moist
chamber. It was weighed on a 500-mg.-capacity
torsion balance with a sensitivity of 1 mg. The
entire procedure of removing the marrow and
weighing was never longer than 10 minutes.

The spleen was removed and a portion from
the midsection, weighing approximately 150 mg.,
was placed on an aluminum foil and weighed
with the torsion balance. To obtain total weighe,
the remainder of the spleen was weighed on an
analytical balance with a seasitivity of 0.1 mg.

The tissues were homogenized in ice water
using a Potter-Elvehjem homogenizer (9). The

*Supplied on allocation from the Oak Ridge National Labora-
tory, U.S. Atomic Energy Commissios.
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isolation of DNA, RNA, and acid soluble phos-
phorus (ASP) followed the method of Schmidt
and Thannhauser (10) as modified in this labora-
tory for use with small samples. The phosphorus
content of these fractions was estimated by the
method of Gomori (11). Using standard counting
procedures the P3 content was determined on
aliquots dried in cup planchets.

The methods for fractionation of tissue phos-
phorus compounds were examined by P and P32
analyses during the extraction procedures., The
ASP and phospholipid were found to be com-
pletely extracted without appreciable decrease
or RNA or DNA. The separation of RNA and
DNA from the total nucleic acid fraction was
found to be satisfactory.

Davidson (4) has stated that in the Schmidt
and Thannhauser procedure there is contamina-
tion of the RNA fraction by phosphoprotein
which has a higher specific activity than the
RNAP and would give falsely high values for
the specific activity of the latter. Precipitation
of the inorganic phosphorus in the RNA fraction
by the method of Delory (12) did not appreciably
change the specific activity. It would appear
that the quantity of phosphoprotein or its spe-
cific activity does not appreciably affect the
SAgnap in the spleen and bone marrow.

The analyses of small spleen sections were
compared to values obtained with the entire
spleen and were shown to be entirely compara-

ble,

RESULTS

The phosphorus content of the fractions iso-
lated from the bone marrow and spleen are given
in tables I and II. Results are reported in terms
of milligrams of phosphorus per gram of wet
weight of tissue sample. The P32 uptake in each
fraction is expressed in terms of specific ac-
tivity. Specific activity represents the percent-
age of the injected dose of P32 present per milli-
gram of phosphorus in the fraction.

Spleen weights expressed both as total
weights and percentage of the body weight of
the rat are recorded in table IIl. Since the
spleens were not weighed in some of the earlier
experiments, additional animals were studied
for spleen weights only. The periods of 5% and
28 hours after injection of sodium pentobarbital
are the same intervals at which the animals
were sacrificed in the nucleic acid experiments.

All the results have been statistically evalu-
ated. The significance of changes in the ex-
perimental animals as compared to control
animals were subjected to **t’* analysi; by the
method of Fisher (13). Changes were considered
significant if the probability was 0.95 or greater.
Standard deviations (o) and probability values
(P) are given in each table.

DISCUSSION
In these experiments the specific activity
values are coasideted to be a measure of the
telative renewal rate of nucleic acid fractions.
The absolute renewal rate cannot be determined

TABLE ]

Pbospborus fractions

in the bone marrow

(Normal values and the effect of sodium pentobarbital)

Phosphorus content . ..
Number of Specific activity
Gtoup animals (mg./gm.)

ASP RNAP DNAP ASP RNAP DNAP
Control 8 1.003 1.261 1.296 0.462 0.158 0.165
o 1 0.181 | *0.324 10.239 + 0,064 10.064 10.021
14 hour® 8 1.011 1.311 1.287 0.478 0.150 0.102
o +0.192 | +0.464 | £0.271 + 0.104 10,064 10.030

P <0,50 <0.50 <0.50 <0.50 <0.50 >0.99
24 hour* 7 1.132 1.149 1.255 0.434 0.170 0.157
o +£0.217 | £0,201 10.088 4 0,065 $0.012 +0.020

P <0,50 0.70 <0.50 <0.50 0.50 0.50

* Interval between administration of sodium pentobarbital and P32, All animals sacrificed 4 hours

after P32 injection.
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TABLE 11

Pbospborus fractions in the spleen
(Normal valyes and the effect of sodixm pemtobarbital)

Number of
Geoup | ooet® e yeent Specific activity

ASP RNAP DNAP ASP RNAP DNAP
Control 8 0.939 0.864 0.841 0.475 0.107 0.068
o % 0,082 10.149 10.124 10.093 10.023 10,029
1% hour® 8 1L.177 1.103 1.070 0.364 0.091 0.025
c +0.357 10.587 $0.185 10.059 10.023 +0.018

P 0090 0080 0'50 0098 0090 > 0'”
24 hous® 7 1.170 0.993 1,147 0.415 0.120 0.043
c 40.140 £0.144 0,217 +0.021 1+0.017 $0.028

P >0.99 0.90 0.40 0.90 0.70 0.80

¢ Inte{_v

after P3¢ injection.

sl between adminisuation of sodium pentobarbital and P32, All animals sacrificed 4 hours

TABLE Il

Spleen weights
(Normal values and the effect of sodium pentobarbital)

Gro Number of | Average weight | Average percentage
up animals (gm.) of body weight
Conuol 14 0.794 0025
o 0.06
$Y4 hour®| 12 1.013 0.34
o 0.05
28 hour* 12 0.650 0.24
(o 0.05
P <0.50

¢ Time after administration of sodium pentobarbital.

because the immediate precursor of the nucleic
acid phosphorus and its specific activity is un-
known., The precursor is probably in the ASP
fraction (4, 14). The SA,o was determined and
changes observed after sodium pentobarbital
anesthesia were not of sufficient magnitude to
be responsible for the decrease in SApysp
noted.

In a preliminary report from this laboratory (§)
values for the DNAP and RNAP content of the
intact bone marrow and the rate of incorporation
of radiophosphorus into these fractions were
presented. Andreasen and Ottesen (5) reported
the relative specific activity of the DNAP of
bone marrow in two rats. Abrams (7) studied the
rate of incorporation of C!4 labeled glycine into

the nucleic acid fractions of rabbit bone marrow.
The high values for the nucleic acid content
and specific activities of the fractions in the
bone marrow reported here parallel the findings
of these authors and are in keeping with the
large auclear volume, active mitoses, and pro-
tein synthesis of this organ.

The phosphorus content and specific activi-
ties of nucleic acid fractions of the spleen have
been reported by several workers (1-4). Our re-
sults in general confirm these previous studies
and indicate a lower DNAP and RNAP content,
and a slower renewal rate for these fractions in
the spleen than in the bone marrow.

The SADN and SARNAE of.the bone marrow
are essentially equal while in the spleen the
SAgnap exceeds the SAp.,,. This pr?bably re-
flects a similar degree of cell division and
maturation in the bone marrow and a relatively
lesser degree of cell division in the spleen.

During the 5% hour period following the ad-
ministration of an anesthetic dose of sodium
pentobarbital, there is a statistically valid de-
crease in the S of both the bone marrow
and the spleen. This value decreases to 62 per-
cent of normal in the bone marrow and to 37 per-
cent in the spleen. The SAyy,p returas to nor-
mal in 24 hours. There is no significant change
in the nucleic acid concentration or in the
S Apnap .

It may be noted in table III that there is a 36
percent increase in the relative weight of the
spleen at the height of anesthesia. Similar ob-
servations have been reported in other animals
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(15, 16). Since the DNAP and RNAP per gram
tissue do not change significantly it would
appear that the total nucleic acid content of the
spleen increases after anesthesia, Recalcula-
tion of the percentage of injected P32 present in
the total nucleic acid in the spleen still shows
a depression of the SApy,o and no significant
change in SA . Thus, it is suggested that an
anesthetic dose of sodium pentobarbital tempo-
rarily inhibits the rate of cell division in the
bone marrow and the spleen. The increase in
size of the spleen along with an elevation of
the total aucleic acid content are compatible
with the sequestration of nucleated cells from
the peripheral blood.

Holmes (17) has reported that sodium pento-
barbital depresses the uptake of radiophos-
phorus by the nucleic acid fractions of Jensen
rat sarcoma. Brachet (18) utilizing cytological
and histochemical techniques has demonstrated

a quantitative depression of RNA in developing
neural tissues in the embryonic frog after the
administration of barbituric acid. Although we
cannot confirm the changes in RNAP metabo-
lism for spleen and bone marrow, a depression
has been found in the DNAP renewal as meas-
ured by the SApy,pr

The mechanism by which barbiturates affect
cellular metabplism is obscure. Quastel and his
associates (19) were the first to demonstrate
that barbiturates were capable of inhibiting
enzyme systems. Greig (20) subsequently of-
fered indirect evidence that barbiturates inter-
fere with the mechanism of the hydrogen trans-
port system., More recently Persky et al. (21)
and Brody and Bain (22) have suggested that
the barbiturates interfere with the normal forma-
tion of ATP. This latter compound may be the
precursor of DNAP,
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