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STUDIES IN GLYCINE—Z-CIA FETABOLISE I LAl

1. The Fulmcnary Excretion of 01402

N, I. Berlin, B. Ii. Tolbert, and J. HE. Lawrence

Donner Laboratory of Medical Physics
Physics Department and Radiation Laboratory
University of California, Berkeley, California

September 1, 1950

Introducticn
There has been considerable discussion regerding the use of fJarbon 14
in clinical investigaticns, particulsrly from the stendpeint cf retenticn

[oe S

in the body of a leng lived (5400 yesrs) radiozctive isotope, There is
evicencs frem animal investigetions thet fellouing the intrsvencus injecticn
1‘4 b 3 - AR NN | P o

cf sizple C ° lebeled compounds occurring in pormal bicchemical processes

. e Yo oo )2,
rest of the rediczetivity will be excreted as C 02 within a few dops
The rate of excreticn in mice vie the lungs end the rate of loss of Carbon 14
from the soft tissues end bone vhen this isotope is edministered s gly-
cine-2-C*" has been cetermined; most of the radiosciivity wes elimirated in
the breath in the first two days anc the slowest tissue cemponent wes found
to have a Lalf tire of approxirately 10 daysf’ There is no method aveilcble
for extrepcleticn of this animel data to men, The present study was designed

. 1 -
to meacure the rate of pulmenery excretion of Carbon 14 &s C 02 when admini-

sterec as glycine-Z-ClA.

I'ethyl-lebeled glycine was prepared by chlorinztion and eninaticn of

acetic acid—Z-C14 end had a specific activity of 12.2 microcuries/mg. of

r~

N/ . . . . - . .
glycine,” A series of four patients wes ;iven approximetely 100 microcuries

of g;ycine—2-014 (8 mg.) intravenously in 10 ml. distilled water for the

114743
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purpose of the determination of the red blood cell life}l'since previous
investigations with radio-iron had indicated that many patients with chroni
leukemia might have red blood cells with a shorter than normal life span.lz
Frequent ‘breath samples were taken by a device (see F%gure 1) désigned to
collect the expired air in a rubber balloon for a measured period of time,

The balloon was transferred to a bubbler system (see Figure 2) and the exp:

air drawn through a 1N sodium hydroxide solution., The carbon dioxide thus
absorbed was precipitated as BaCO3 by NHZ"NO3 and BaClZ. The barium carbon:
was filtered, dried at 110° C and weighed to determine the amount of 002

excreted per minute, The samples were counted with a proporticnal counter
where the specific activity was greater than 10 dis,/min./mg. BaCOB; those
with a lower activity were measured in an ionization chamber., These instr

1

ments were calibrated witl: the current Oak Ridge € standard wmillicurie t
specially prepared samples,

Inasmuch as the rate of pulmonary excretion of Carbon 14 when acmj
istered in this form was not wnown at the start of these studies, the pet:
were placed in an oxygen tent althoﬁgh no oxygen was supplied, 5o that the
expired éir would pass through the soda-lime filter and thus absorb the c:
dioxide. 1In addition a vacuum pump continually exhausted the air from in

side the tent to the outside of the building. These precautions were nai

tained for approxiwately 3¢ hours,

Results
Figure 3 shows the specific activity as a function of time of the

expired carbon dioxide as BaCC-3° The maximum specific activity of the

Nucleometer - Lanufactured by Radiation Counter Lab, Chicago, Illinois
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expired bresth occurred within the first hour following the injecticn.

4 measureble amcunt of radioactivity was gpresemt within the first 10
minutes following the injecticn, Figure 4 shows the calculated curulative
Cartor. 1/, excreticn es deteruined from the eamcunt of 002 excreted per

m nute end the rate constents obteined from Figure 1,

The rete of excretion of Carbon 14 when administered in tris manner
wey be ceseribed In teris of three rate processes: the first having =
Laif wire of two te four hours; the second, sixteen to ferty heurs; and the
third, seven tc fourteen deys. Table I showe the half tines and the per-

es of Carvbon 14 excreted tiroush each of the three rate procecses

The cunulative excreticn of Cerbon 14 is so re;ic thet in Iatient I
at the ¢nd of 1 day gpproximatelr 40 percent has been elininatsd by this

~

route, 2 Uy the end of 5 deys oC irercent; by 2C cayo, epproxivetely £3
perceat (see Fisure 2), Furthervore, in all 4 patients bp- the ernd of 40

te 75 dyrs there wes no significant measurable zctivity in the brestl; i.e.,
less then 0,04 dis,/min./mg. BaCGB, It is jpossible thet there is a slower

ceui:cnent, the recioactivity cf which coulc be cetected by nore sencitive

however, this coulc represent only a small fraction cf the

The relstion of these three different rate processes to kuoiw bic-
chemlcesl processes is not known. I[‘owever, the measurement of the uptcks
of Cerbon 14 in the iplesma proteins auc their turrover time suggests that

the clowest compcnent® mey represent the rate constant for rotein synthecis

10
and turnover.

174745
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The finding that the slowest meassured rate of exaretion is of the
same order of magnitude in men ss in mice should permit the extrapoiation
to man of animel investigstions with similar Carbon 14 labeled compounds,

33

This may allow the use of such animal data as the basis for the cetermina-
4 -
tion of the hagerd cf using € in clinical investigation, 1Iin =zddition to
the 83 to 92 percent excreted vie the lungs, some £ percent of ithe injectec
. . .0
doss is excreted in *he urine ani a negligible amount in the feces,* 4An
additional 2 percent is ypresent in the red blood cells as hemcglobin an

will not be elininated until the red cells are deshbrored at the end of

ey

approximately 120 days. This would indicate thet trere is 1ittls or zco

significant retention of Carbon 14 within the body; what ng possibly be

retained is ypresent in chemical compeunds having a2 very long turnover
time, Ilowever, since such comrounds do have a lcng turnover time the anou
of Carbon 14 that ceuld be incorporated in them is =mell belause, zx Digu

2 shows, after the first 2 days there is comparstivelr littie Serton 14

1

availeble for anabolic processes,

Summary and Conclusion

1., The rate of excretion cf Carbon 14 via ths lungs when admini-
. .I" . B A
stered as Glyc1ne~2wC in 3 patients has been presented,
2, Tris pulmonary excreiicn has been described in terms of 3 rat
processes, the sloweet of which has a halfl time of 7 to 14 days,
3. In 55 days aprroximetely 83 to 92 percent of the Corbon 14

is exereted via the lun; s, 5 percent via the urine, and 2 percent is ve-

4o The lack of hzzard involwved in the use of Carbon 14 in the

manner described is discusgsed from the staadpoints of

sible retention in chemicsl coapouads hav

17y 14 b This work was supperted it

ny The Atomic Energy Commizsion,
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TABLE I
The Percent of the Administered Dose Excreted and Ealf Time for Each

of the Three Rate Processes

Patient Tl(l/é)(Hours) % .T2(1/2)(Hours) % T3(l/2)(Hours) % giiiitgd
1 3 36 31.2 27 R23 29 92
2 2.7 32 40 13 163 38 83
3 2.5 13 36 21 336 52 86
4 3.3 22 16 17 240 49 88
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Figure 4
Tre ctmulative C+4 excretion as 014CC2 in Fetient I,
The cumulative excretion after the 24th dey is not shown,
, ’ 1 u 1 5 2 but b tke 45th dey it will amount to approximetely 92%
of the injected dose,



