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L }I“_f3° Uncla351f1ed Dlstrlbutlon
STUDIEb IN GLYCINE~—2-C14 REEABOLISM IN hAN |

l° The Pulmona:y Excretron of 01402

N, I Berlln B, M, Tolbert and J. H. Lawrencee‘

_ Donner Laboratory of Medlcal Physics
Physics Department and Radiation Laboratory
Un1vers1tv of California, BerkeleJ, Californis 1'

} September 1, 1950

_F'Ihtroducfion

~ There has beeﬁ cons1oerable alscue81on rogardlng the use of ualbon 1
cin cllnlcal 1nvest1gatlons, partlcularly from the btunmp01r+ of retentlon

in the body of a long lived. (5600 years) radioactive 1sotope.l There ig
_evroence from anlmal inves tlgatlons that follow1n the intravenous injection
of olmple Cl4 labeled com}ounds occﬁrrlng in normal olochemlcal proce)%es

’4’-‘

1
most of ' the raalodct1v1ty will be excreted as C 4O w1th1n a few u@yc 32 ’3

2
: The rate of excretion in mice via the 1un 5 anq_the rate of 1oss of Carbon 14
'  from the eoft tlusuee and bone rhen tnl 1sot0pe is adwihisfered:esbgly-v
cine-2- C*A has been aeternlneo, moet of the raq1oa0ulvrtr was ellmlﬂatea in
fthe breathvln the first twe days and the slorest tlssue componept‘w;e founo
to have a half‘tlme of aPprox1mately lO oaysfi There is no method ava 1lub1e
for evtrapolotlon of thlu anlmal data to man, Ihe present utudy Wwas deolgned
to measure the rate of pulmonarw excretlon of Carbon 14 as 01402 When admlnl-

?‘“’CJTAG

stered as glycine-2

Methods
MCtbyl~labeled glyc1ne was prepared bv chlorlhatlon and amrnatlon of
acetlc acid-2- C 14 and had a spe01flc act1v1ty of l? 2 mlcrocurles/mg° of

' {
glyc1ne. A series of four patlents wa.s 51ven approx1mately lOO hlorocurles

of gLyelne=2 -C 4 (8 ne, ) 1ntravenously in 10 ml, distilled water for the
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purpoese of the determ:mat:l.on of the red blood cell l::.fe']“:L since previous
1nvest1gatlons with rad10~1ron had 1n01cated that many patients with chronic
leukemia: mlght have fed" blood cells Wlth 6 shorter than normal 11fe span.,l2
.Frequent breatb samples were taken by a dev1ce (see Flgure l) deslgned to
collect the explred air in a rubber balloon for a measured perloo of. time.

The balloon was transferred to a bubbler system (see Figure ?) and the expired
air drawn through a 1N sodium hydroxide solutlon° The carbon-dioxide thus
vabsorbed was preclbltated as BaCOB by YH4N03 and BaCl2 The barium"carbOnate'
was flltered,,drled.at‘llOo C and weighed to determine the amount of 002
excreted periminuteo The sanmples were counted with a propor%ionalrcounter*
where the specific activity was greater than lO dis,/min;/hg, BaCOB; those
ﬁith a loyer activity were measured in an ionization'chamber,,vThése instru-

ments Were.calibrated with the current Oak Ridge 614

standard millicurie by
speclally prepared saxr;.le.:.n

| : Inasmuch as . the rate of pulmonary excretloﬁ of Carbon 14 when admin—
1stered in thls form was ‘not known at the start of thege. studles, the ﬂatients
were placed An an oxygen tent although no oxygen was supplleo9 30 that the
"explred a1r Woule pass through ohe soda-lime fllter and thus absorb the carbon
d10x1de.i In addltlon a vacuum purp contlnually exhausted the air from 1n~

_ s1de the tent to the outslde of the bullang. These preoautlons Were main-

talned for approx1uately 36 hours°

Results
Flgure 3 -shows the specific activity as a functlon of time of the

explred‘carbon*oloX1de as BaCO3° The maximum Spelelc act1v1ty of-the

* Nucleometer - Manufactured by Radiation Counter Lab, Chicago, Illinois
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expired breath occurred within fhe'firsi.hour.following the injectibno
A measurabie.;mount of radioactivity was preséht witﬁih thé fir§t 10 
minutes folleowing ﬁhe injection, Figure 4 shows the calculafed'cumulativé‘
Carbon 14 excretioﬁ as determined from the amouht of CO2 eXcreted pér
minuﬁe and the Trate cohstants-bbtained from Figure 1,

| The rate of excretion of Carbon 14 when édministefe&'in this manner
méy be described in terms of three rate procesées: the first having é
haif time of two to four hours; thé‘second, sixteen to forfy houré; and ﬁhe
third, seven to fourteen dayé, Table I shows the half‘times and the perQ
céntages of Carbon 14 excreted through each of the three raté processes
for the other ﬁatien‘cs°
Discussion

The bumulative.excretion ovaarbon 14 is'so rapld that in‘Pétient'I

at tﬁe end éf 1 day approximateiy 40 percent'hés been eliminated by this:
route, and by the end of 5 days 60 percent;.by 20 days,vgpprokimately &3
pefcént (seg Figure 2), Fﬁrthermore, in all 4 patients by the.end of 40
to.75 days there‘was’no significant measuréble activity in fhe breéth;.i;e,,

less than 0,04 dis,/min./mg. BaCO3, It is possible that there is a slower

compenent, the radioactivity of which could be detected by more sensitive

o " . )
method589’; however, this could represent only a small fraction of the

administered dose.
The relation of these three different rate processes to know bioc-

chemical processes is not known. However, the measurement of the uptake.

of Carbon 14 in the plasma proteins and their turnover time suggests that

. the slowest component may répresent-the'raté constant for protein: synthesis

-

: 10
and turnover.
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The finding that the slowest measured rate of excretion is of the
same order nymugnltude in man as in mice should permlt the extxarolatlon
to man of énimal ‘n&estlv tlons Wlth s;mllar uarron 14 labeiea compounds;
This may” allow the use of such ani m@l data as the basis for the determina- .
tion of the hazard cf using 014 in clinicalvinvestigaﬁiono in 2ddition to
the 83 ﬁo 92 peréént excreted via the lungs, some 5 percenﬁ of the ingeéted
dose is excreted in ﬁhe urine and a negligible amoant in the fecesﬂlo An
”édditional 2 ?ercent’is presenﬁlin'the red blood colls 28 nemog ;ob¢n and
Will_ﬁot be eliminated until the reé cells are deétroyaf at L e eﬁﬂ of
approxiumately 120 daysoll This.would indicate that there is little or.aé
signifiCant retention of Carbon 14 ﬁithin the body; what may possibly'bé
retéinéd is présent in chemical compounds having a very long turnover
time, waevers since such compounds do have a long tur over Lim ‘ s the émount
of Carbon 14 that cculd be incorporated in them is small because, a8 Figure ;

2 shows, after the first 2 days there is comparatively little Carbog 14

availeable for anabollﬁ processes

‘Summary and Conclusion -

1, 'The rate of excretion of Carbon 14 via‘thé‘lungs when admini-
Sterea as GLyéine%2=014 in 3 patiéﬁtS‘has-been presented,

2° ‘This'pu1monaﬁy excretién'has been describked in terms.ofJB rate
proce53959 the sloweut of which has a half time of -7 to 14 d?yso

3. In 55 days approx1mately 83 to 92 percent of the Carbon 14 | :
is excreted via the lungs, 5 peréenﬁ via the urines‘and 2 percent is re-

tained in the red blood cells during their 1ife Spal. ' ‘_

" 4o ‘The lack of hazard involved in the use of Carbon 14 in the
manner described is discussed from the standpoints of excretion end pos-
sible retention in chemical compounds having a long turnover time,

This work was supperted in part by the A% om;c Energy uommlsplsno
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TABLE I
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| The Percent of the Administered Dose Excreted .and Half Time for Each

of the Three Rate Processes

Patient ‘ Tl(l/2)(Hours) A -T2(l/2)(Houfs) %

2

3

3

2.7

2.5

343

36

31.2
.40

36

16

27
13
21
17

T3
223

163
336
240

(1/2) (Hours) %

29
38
52

49

Total %
Excreted

92
83
86
88
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Figure 3 : :
The specific activity of the expired
breath as a function of time, in Patient I,
in disintegrations per minute per mg of BaCOBD
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_ Figure 4 ,

The cumuldtive C+4 excretion as 014002 in Patient I,
The cumulative excretion after the 24th day is not shown,
but by the 45th day it will amount to approximetely 92%
of the injected dose,



