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turing the fragile opthalmic venous plexus 
with tip of blood collection tube. The tube 
may be sealed and centrifuged for hematocrit 
determination and plasma separation for en- 
zyme or other biochemical studies. Bleeding 
procedure for a mouse requires less than 30 
seconds, and 100 mice can be bled and proc- 
essed by a technician in about 1% hours. Ap- 
propriate illustrations demonstrate technical 
details of procedure. 
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Mammalian blood can be incubated in nitro 
for several hours without affecting distribution 
and amounts of nucleotides in the formed ele- 
ments of the blood. This has allowed us to 
perform incorporation studies under essen- 
tially in vivo conditions. In attempting to 
perform similar incorporation studies on other 
mammalian tissues we discovered that after 
incubation, the major nucleotide. ATP, had 
largely disappeared and that A M P  was now 
present in considerable quantities. The pres- 
ent paper describes Qur attempt to determine 
in vivo distribution of nucleotides in certain 
tissues and the rapidity of change in this dis- 
tribution after removal of the tissue from the 
animal. 

Dog muscle and 
dog and rabbit intestinal mucosa were origi- 
nally selected because they might be expected 
to contain large amounts of nucleotides that 
would be turning over fairly rapidly. The 
muscle was minced with scissors while the 
mucosa was merely scraped off the intestine 
with a glass microscope slide. The nucleo- 
tides were extracted from either preparation 
with cold trichloroacetic acid (TCA) and 
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fractionated on Dowex-1 formate columns ac- 
cording to  our previous procedure for blood 
( 1 1 .  Tn the first experiments a dog was given 
a lethal dose of Nembutal intravenously and 
the hind legs rapidly skinned. One portion of 
leg muscle was dropped into ice cold lo*% 
TCA and minced with scissors. A second 
portion was excised and allowed to stand at 
room temperature for 20 minutes. I t  was 
then treated like the first. A third portion 
was minced with scissors in calcium-free 
Krebs-Ringer-Bicarbonate medium ( 2 )  con- 
taining 200 mg '% glucose. Ice cold TCA was 
then added to  the mince. A fourth portion 
was prepared like the third except that it was 
incubated 2 hours a t  37" under 95%02- 
55; C'O, before TCA was added. No attempt 
was made to weigh portions of muscle accu- 
rately: because this would have slowed down 
handling of the tissue and because only dis- 
tribution of nucleotides was of interest a t  this 
point. A second type of experiment was de- 
signed to ascertain if nucleotides in intestinal 
mucosa were as labile upon incubation as 
nucleotides in dog muscle. For this purpose 
a dog was injected intravenously with lethal 
dose of Nembutal and a length of small intes- 
tine removed as quickly as possible. This was 
slit open, rinsed briefly with cold saline, and 
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TAELE I. Adenine Nixcleotide Distribution in  Tissues. 

pnioles/tissu e Sample 
AMP A D P  ATP 

A. Dog Muscle 
Minced inmediately in c o l d  TCA 
Stood 20 inin., then minced in (2016 TCA 
Minced in incubation niediim, then TCA added 
Minced in incubation niediuni and incubated 2 hr before TCA added 

B. Dog Intestinal Miicosa 
Intestine slit arid dropped into cold TCA 

C. Rabbit Intestinal Mueosa 
Iiitrstine slit aiicl dropped into cold TCA 
Illfiic.os:i scrapcd off and droppcd into cold T('A 
Mucosa scraped into 10 rril of human p1:isnia and incubated 2 h r  

Idmi,  except 50 nil of plasnla uscd 
TCA inj. into intestine in vivo 

before TCA added 

.36 
1.16 
2.59 

.31 

1.20 

-8 7 
1.00 

.I 3 

.07 
3 9  

4.98 
11.72 
3.59 
3.52 

.34 

.34 

.28 

.08 

.33 

.68 

41.8 
44.6 

1.59 
,213 

2 8  

.51 

.32 

.Ins 

.32 
2.90 

dropped into ice cold TCA. A third series 
was designed to verify lability of nucleotides 
in intestinal mucosa from another species. In 
the first experiment a rabbit was shot in the 
head and a piece of small intestine removed 
immediately. This was slit and dropped into 
cold TCA. At the same time, a second piece 
of intestine was removed and the mucosa 
scraped off and plunged into cold TCA. A 
third piece of intestine was scraped and the 
mucosa suspended in 10 ml of human plasma. 
A fourth piece was treated like the third ex- 
cept 50 ml of plasma were used. The third 
and fourth samples were incubated at  37" 
under 95%02-5%C02 for 2 hours and then 
added to cold TCA. Experiments with intes- 
tinal mucosa indicated that nucleotides from 
this tissue were extremely labile, and raised 
the question as to how one could extract these 
compounds to avoid deteriaration. A pos- 
sible solution was to inject TCA into living 
tissue. Accordingly a rabbit was anesthe- 
tized with Nembutal and the small intestine 
exteriorized through slit in the abdomen. A 
section of intestine was clamped at  either 
end, care being exercised not to disturb blood 
circulation to this section. Into the lumen 
of this closed segment of intestine ice cold 
lo$, TCA was rapidly injected. The in- 
stantaneous blanching of intestinal wall indi- 
cated that TCA had penetrated the mucosal 
layer. 

Results are presented in the Table. From 

the first series it is apparent that in freshly 
excised dog muscle there was a relatively large 
quantity of ATP, some ADP, and very small 
amounts of AMP. This distribution is not 
unlike that found in freshly-drawn mam- 
malian blood ( 1 ) . The second experiment 
(A.2) suggested that, on standing, some of 
muscle ATP broke down to ADP and AMP. 
As is shown in A.3 mincing of dog muscle in 
incubation medium caused nearly complete 
loss of ATP. Exp. A.4 indicated that incu- 
bation did not lead to restoration of original 
nucleotide pattern. Dog muscle, like blood, 
contains other nucleotides than those re- 
corded here, but these are ignored to simplify 
conclusions of these studies. 

The experiment with dog intestinal mucosa 
(B . l )  revealed that ATP was largely decom- 
posed, giving rise to ADP and AMP. 

Experiments with rabbit intestinal mucosa 
indicated the same sort of deterioration of the 
nucleotide pattern as seen in dog intestinal 
mucosa. In  Exps. C.l and C.2 tissue nucleo- 
tide patterns indicated a preponderance of 
AMP over ATP. Our experience with other 
tissue indicated this to be a grossly abnormal 
finding but a t  first we could not say with cer- 
tainty that intestinal mucosa might not have 
an unusual nucleotide pattern. Our final re- 
sults in C.5 reinforced our original assump- 
tion, i.e., that ATP far exceeds ADP or AMP 
in in vizw conditions. Exps. C.3 and C.4 
demonstrated that nucleotide pattern in intes- 
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tinal mucosa would not revert to normal un- 
der the incubation procedures used here. 

In  Exp. C.4 with 50 ml of plasma the ATP 
level was preserved a t  a slightly higher level 
than in Exp. C.3 in which only 10 ml of 
plasma were used. This suggests that al- 
though these incubation conditions were far 
from ideal. the extra plasma did have some 
beneficial effect. perhaps by supplq 'ing * a nu- 
trient or neutralizing some toxic substance. 

Discussion. Our earlier studies showed 
that whcle blood could be incubated for sev- 
eral hours with no loss of AT€'. Extension of 
these studies to  other tissues was uniformly 
unsuccessful. In dog muscle, mincing in in- 
cubation medium caused nucleotide break- 
down. In  dog or rabbit intestinal mucosa. the 
cells could not even be scraped off into any 
kind of medium without deterioration of the 
nucleot ide pattern. Injecting trichloroacetic 
acid into the living tissue is similar to the 
study of Dietrich and Friedland ( 3  ) which re- 
ported i~ vicLIu injection of perchloric acid into 
rabbit intestine. Their AICIP: ADP:,4TP ra- 
tios of 0.10:0.31: 1.28 were not greatly differ- 
ent from ours, but perhaps both results are 
only approximations to the true in vivn dis- 
tribu tion. 

Sui~z imry .  Our experiments indicate that 
the nucleotides of different tissues vary 

greatly in lability. When dog muscle was re- 
moved rapidly and minced in ice cold tri- 
chloroacetic acid, its nucleotide pattern re- 
sembled that seen in fresh blood, &., ATP 
greatly exceeded ADP or AMP. Delay in 
mincing the tissue caused some decrease in 
ATP with increases in ADP and AMP. On 
the other hand, dog or rabbit intestinal mu- 
cosa was so labile that usual procedure of re- 
mcving tissue and transferring i t  immediately 
to cold trichloroacetic acid was much tool slow. 
Injecting cold trichloroacetic acid into the 
live tissue was necessary to give a nucleotide 
pattern which resembled patterns seen in 
other tissues. Incubation under circum- 
stances tried, were unsuccessful in restoring 
tissue nucleotide patterns. Extrapolation of 
foregoing results suggests that studies involv- 
ing either distribution of nucleotides in tis- 
sues or determination of tissue nucleotides 
after in vitro incubation must indicate degree 
of lability of these tissue nucleotides. 
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The role cf growth hormone in the appear- 
ance and maintenance of polyploid cells in 
normal liver was originally described by Hel- 
weg-Larsen ( l ) and Leuchtenberger et  d. ( 2 ) 
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and confirmed and extended by DiStefano 
and Diermeier (3  ) and Geschwind et al. (4) .  
Recently, involvement of 2 other hormonal 
systems has become apparent. The gonadal 
hormones have been implicated as a result 
of a study of the effect of castration on poly- 
ploidization of rat iiver ( 5 )  and, as indicated 
by Carriere in preliminary reports( 6,7), thy- 
roid holrmone is also involved. The  role of 
the latter has been further elaborated upon in 
recent experiments (8) on effects of thyroxin 


