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C.'lrbon-14, the moDt useful r adioactive inotopa of carbon, ha3 boon vury 
i ryort::mt in chcnicn1 and . biochnJrJ.ca1 r oncarch :::inca n1 :rr-J. 1945. Tho r dio­
cctivi ty from this \·72::l k bot.:1 or-u ttor (maximum onora of tho j3-p~rt1cle i a 
155 l:cv ) iD difficu.l t to dot oct and it is not posnib1o to n::Jasuro tho r<.dic­
octivity or dotormino 1 ta locution .f"rora out s ide tl1o body. Thu6 anir:J l ct cU .• :J~; 
u:.iin~ this i sotope u::;u:ll1y r equire D::\Crifice of tho nnin·· 1, unloo:J r.::· ~cnr.~-

r· ::1t::; era r c:::;trict0d to o..:ccroti on products and blood. Pnrtia lly b:)c' UC') o:.:.· 
difficulti on of thin mturo, carbon" l4 ha o not yet bc com3 a u~cful tool in 
clinlc~1l L.::dicin':l • 

J\1 thott~h c'lroon-14 c~nnot bo cle tcctou in ani1r..:1la i.l'! n1_:!"~1l , 1 t can b:J 
1· ~:t:Ul·cd L\:J it 1 ::; o;:crnt:)d , Of tho .sovornl c~tnbolic end f~tos of c1rbon 
in m.U: , \l cy ::rt..c:::::z , qu.·:mti t::1 ti voly tLo nont i Lport::lnt i c brc'"' th c::crotion a:..; 
c:n·bc·::J. uio::it':.) . In r.ddi tion , c.:l r bon clio::ciclo o::croti on r oc::.pond3 r a!)it1l:t· to 
c/ ··1 ... ·1 :; in tho r:-:: tt~Lolic 1 o•tol of tl1o Lody - t h8 only carbon c:.:cr,;tion :--·t,... 
tll~ :..: t to do :::a . TL·) br.:::o. th c:-: croti on of carbo:1-1/~ f o1louin:; ndniniutx·:~"tio11 of 
n 1 :-~L ' led or~;-1 ::1ic co: :)oa:;d c.: .-:1 :1 '.:,i;or~foro Lo u:::: s J in i nt~ct eui;· ~tl s to ;, l. J• ·j 
tln r ·, ~ ~uoli ~·" of S_:' :!cific c o~ -ro~'ld.S nnc.l of t he }:::::~rticulcr l .:1L;Jl ccl c :1:..·Jr. .'1 

(!tc.: ~l i11 t1 :.J C('l_ ~·OlJ;~J. . 

Fu ·l- ::::-·: :o:;:,; , if o;: : b·~S c:~·~,:; li:::: ;::..::.d t! Jc ro::::?ir.::tor;; p:~'Gi.::; rn ( lf ::::1 civ.:::n 
l ··>·l'· l (: (. ··o:..n.l in ( \Il e;:i · 11 ~i/,3t :-. 1 , v::: ::-ic;tio:.3 in tlli~ 1-;tt::rn c ~·.n r-c-
. ,: ( ~ , 1 --l. ~ i :lL ·:::· :'·:..~~.:J i11 t: ::'. ·;oft".) p:<.r ~: ic;;lo;:;ic ~~l st·.rt ., Ci. tl :.J u:1i l 
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c1 <: r.:.i. c . ' . ,_, . . lJ. .. ·: Jl. Sin·::o an c. :·:cot U.!1liul ·:;d mr :'.. c:r of co: ~-o~ · ·-~o 
•. 1' ·t( .. l jn v. :·:1r ~· 'J ;)c::.:L tic.-:~::3 i G 1--'.: c:cntly nvc. il:lblo .or c -:. b ..; ::.;·,~ ~- ,;i· ·l. , 
·._,_ •. -~-·-. ~. i C1 c .i' l ; .1. . ,_ j c·}rb on (lic::.i.do fran :.::>.)Ciflc £l ~lJ ::; -'.:,l'(!'t. < J i C rc:~ -:: ;-:-
1~~: ll:r , - 1 d.' .._,: :':l r:..') ·_t i:·::::3I't··mt now: ... ::~~tractivo t8~ta tb :~ t c·m L:l r. · .r:c i n 
~ .. :t .Ldic s ~~ ;. · !i c :::: in int-:. ct aai~.:11s. 

: · .r"' ,-· - ~· :-ir · .;,.t , h:.1·:o b..;: on r· ; o on ro npiJ:n tor y c.::1 rbojl-ll~ o::c:r.-ot.:l.c-1 in 
flJL' .l c L ,;..;,:n Lut t. ·3 v · o-oOOur0 S for I.::.:-..Jl l""i l ~ t 1iC c:.:crc tion l:.::v L l l 

:...:lc.J or b·.wo r equired l nr ;:;o ar~ou...r1tn of r:.:dic..::lctivity . In thin F·l l ' \ . c:· · 
cr ib:; cc- . 3 of our r·:-::H.J tl.TO!.:')nt t ochniquoo Hhich ovcircor: ::J tho :::o J.iff i t.ul tl .· ~ 
e,~ J '::::J:·~,- nt t./pic ~l c:p.:: ri.l.;: ::mt~l da t::.1 for a nu:._:lY .. r of nnirnl oys i.·: :- ·; . '.1. ;' , 
6 ''f \) dG of p1<yciolocical :::ri:.!ltc are cho'tm in so:,:J ca :Jo ~ . 

~ ' ·--.~ -.: ., ..... _., \ }'· , ,-. h·>iC'l_' ·~~ ·- Tho rocpiratory o.:::crot ion of c14o2 i r. u o::·"lly 
! ":: .;~,1· -<.i :..::J fol l c·:::.: : After injection with a l nb.Jl cd cub;:;tanco , th·J nnir. 1 1 
i :-.1 placed in a clo: cd CCI C J . Tho uir from tho cnco is p::u::; ::· ::d tlu~ou:::h ~\ Ji~L~t : 
cc ~1iu· :J. h::,· 1r o::idc or b:1 rium hydroxldo oolution. Th:::~co solutiona n:c) cb.;n · . ~-' 
r:;:Jr i cclict:lly and th8 collected CQ:2 in procipitnt ad, u~ually oc ::_ h .) in::;oll •_')l •;· ) 
b~rinll c::~rbomtc:J , filtorod , dried , W:Jic;hcd, and onnl y:::od for r adic::l c:·.i-,i ty . ·· 
Thi:J tr.::> thod givo8 rooul to in ter11c of tl1o specific act.ivi ty of t ho cl1· 0;~ , :.n .... 
if qu.c1nti U!tivo n::xHJuro!n:mts' aro r.nde on the C02 o.·cretion , cumul ntivo c:-
crotion of cl4 can ol:Jo bo cnlculntod . · 

This method of nmlyais is usod by tho author3 fo1· lonc-tor:n r ospirution 
ntudio:J becnu~e 1 t m~y 

6 
1):;, node vory sensi tivo if special r a cUctl ctivo n ~ :· :.ly 

proc::!duros nrc uccd .J , ) I t ouffors the di::.ndvanbgo of baing slou, or 
roc}uiring lata of work, and/or pornitting only a l imited nur.lbor of o .:~·plcn . 

An a n al tarn:~te procedure we hnve dcvioed ·an npp..1 r~t.u.n tho.t contimwudy 
-::::'1Gurc s the cl40;z c._crotcd by an nnim l ( ceo Fie. 1 ) . 7 ) In th.tc oy::::t ::•1 
on unir::...1l is placed in a oml l car,e o Air is pull cd th.roueh th!3 oa~.) at o 
con:Jt:mt ruto and io pn:::::::;cd throueh a drying tuba and throu~h nn ioni: ~tion 
c :::1.:~:1-or . Tho radioactivity produces a cha r ge on the colloctin.e ol c ctro:J.o C)l 
t .ha ion ch:l!.1Jcr ; this chn r eo is directly proportional to tho r •1diro ctivity 
in the ch:u::bor . A vibrating-rood eloctror.:'J t cr and potontio:rua t or rccon..t~r 
r :·'ko a continuoua trueing of thct::;o r adioactivity levcl3 . 

For tnico , r nto, and rubbits 100- to 1000-cc . ioniza tion ckur>.bcrs nro u r . :; • 
i\ir D.o1-r ratos arc from 100 to 400 cc ./minute . The sonsi tivi ty of thiD orin i ~· ~ 
r .. ~ nt i o snoh th:~t a norr::..1.l dose of 40 J..lcurios cl4/Jce . body ..... )icht i 3 t' "cd 
f o:.:- 21~-ho: t:;tuuioo usinr, niLlplo body r.:Jtnboli t o:::; such nc ocobto or p:l r -
c ir.o o Tho cl.ec t ric3l and eJ.lG-flow t L-:13 con::::tnnts f.o:r 50;~ r c cponC'J nrc nbou\~ 
OlL I:ti.nuto • 

l ::x.> t. of tho ncobt 'J-co n~yr ) A {CoA) c::oorir ::mt:J cloccribod i n tbio r- ·.::~ 1· 
1'·-'ro 1 ·-:(:! 0 u--;ir1 ~ r>uch c r:ui!'"' ' nt. Trds in~tr ~. "nt r ··:l:Jl r ::o s t. l18 r ;lt'".l nt -'J i ch 
c -.:.r:Jc l- 14 cUc· :ic\~ i~~ c:cro t ·Jcl ; tho cu.-:o·Jlntiva c::cr0 tion Cl!:t'vc : . ~y l.: J o' J­
t.lr '~ b/ 1 nt.~ ·::~:Gin -.~ thin r n t 'J c·rvo . no,.;: ·,c:r, 0 !1'J dco D net c) t tl: 'J 
r• • ,{ , ,. ' .. , .l h • ' .• . . , .~ t' cJ /, ("\... r • i"' l t • . d b A 1 l • l ' ~ ~ .._ ·"' ~c .. c.,._. 1. "J o,_ · .r:J .. ''-:.: , ~ 'J.cn n 3 .., c ) :u !:::; y G JC J'.:ru.:.· 1 c ·y~· ... , · , ·(,.., 

·::~ ::; ~ -- · .1 , ·. 1 <"'~ 1 iG p c:·::uly::: L:Jt JGc- r : ·:: Gu.ro of th0 rcu i c ~ c~ ·.:1t . .r 1:1 
t~ , ~ U::: ... ~ - : ·> .tc~ : r :l ; ... ~ t:' pJcl. 

" -·--
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Fig. 1 Apparatus for continuous moaauremont of 
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In order to auto:::J ti~lly a nd continuou3ly de.tcr r:dne qre" th cpocifi c 
nct i vi t y \:o hnvo com;t ructod a second, t yps of instru.r::l.3 nt. u, 91 This ir.~rovod 
-ap"'X:l r ntus continuoucl y r:.: '\ curoo and r ecords (a ) tho C02 excretion lr,r i nfra­
r ed obco1~tion , (b ) t ho cl4 e~cration by an ioni zation chamber and (c) t he 
B:pocific activity of t ha cl402 by a r a tio analyzer. 

AD before , tho ani mal to be s tudi ed is injected with a label ed compow1d 
and i s placed in a cage no l or eer t han nocescnry for the particular anii: :U. ' s 
ai ze (see Fie . 2). For hw:nno a transpar ent hol roo t i:l uced t ocothor with 
a slichtly oodifiod fim; ::;ystom and rofe tra cer doson aro unod _10 {.Soo li'i e . 
3) Air is provided to the subj ect from a tank of compre:Jcod air 't-Th i ch h.1 s 
boon a Ged to allow doc~y of short-lived naturnlly occurring a-radioa ct i ve 
ga cos -- mootly r adon and thoron. 

The air i s paooed through a sulfuric acid bubbler to remove ~tor and 
t hrou;h an ionh::ation chamber. As described above the rndioocti vi ty is 
dot oruincd by a vibr atine- reod eleotro~2ter and potentior~ter r e corder. Tile · 
air then passes throucrh a variable-voluna chamber and an infrared CQ2 
on..qlyzor. The voriable-vo11.lJ110 chamber adjus ts the r e sponse time of the COz 
a nalyzer to ma t ch tha t of the rndicactivity-moasuring unit. 

The el ectrical signal corresponding to the % COz in the _breath is r e cor ded . 
This r e corder als o determine s the ratio of the radioactivity signnl to ti1e 
% C02 s i gnal and plots this figure. This ratio is dire ctly proportional to 
t ho specific activity of the excreted cl4~. An example of the original . dat.:1 
1o sho1m in Fig. 4. 

· For omall laboratory animals and 100- to 1000-cc. ion chambers, the r adi o­
activity dose wa s about 40 J.Lcurles cl4/kg. body wight. For htlilnns a norL:::tl 
dose ws 10 J.Lcurios of s imple orgnnio motaboli tos, such as acetate or glycin:-J . 
This corre sponds to a do~e/waight ratio of only 0.14 J.Lourie/kg. bods 'WOi~ht 
which i s well within tho safe tracer dosa. The lmror fiGure i s IrJado posoi bl e 
by use of l a r ger ionization chambers - from 10- to 20-li t ars in s i ze • 

. 
The t ime for 50% responoa of this. inntru.mont as used is about one minute . 

Thi s t im oonct unt cnn bo decreased by increasing air flow rates and docroaa­
ine t he ion chamber sensitivity. A more r a pid r ecponae does not aoom no­
co::>C<.l ry , however, if one cons ider s tho bioloei rol sy st em . The C!\rbon di ax.ide 
produced in a cell bGOOl:'.3S port of the body bicarbona te pool • Uoi nc known 
fi guro o for pln mna bicarbonate levels, total body \J:'l t er and COz e..~crotion 
r ut o , we calculate t hat t he hnlf-tir.~ for excretion of C02 from t ho h~~n body 
i s 10 minutes , a a:nminG compl e t e mixine at all t imes. Thi s acroes wvll wit h 
an cnl·l y a::cpor i.r.:ontal value of 15 minut e s for the COz turn over tii'C3 i n rats 
\tlhich ~n bo calculated fro.-n t he \tlork of Gould Q1 Q1 .2) 

11-~ :'! "~ ! .., 1~~ .~ ., _1~ '"'1 . -i !'.J fl!21 f r" ~:c~ :l ll · - The acatato f ragr.:ont ha s been one of 
tho nor.; -t c::t on::> i voly 8t uU.i cd compounds in biochor.uatry .11) A s ch~":..1tic dia­
grn:n of this cor:::pound i s shmm i n Fi g . 5, \rhich or.:pbnoizes t ho rol e of CoA . 
.Ac "' t..'1to iG prc.su.":.::d rhostly rr.J t abolized throuc;h t ho i ntor;::x lintc , a cct;rl CoA . 
CtdC.::~ ti on of t hJ a ce t yl CoA to C0;2 n~y proccclo vin tho citr ic a cid c::rclo , or 
t ho ace t yl CoA L1Y be synthesi zed into fn t s , u8i UG ~~r~ .:1 cotyl GoA f or ench 
t 1:o-c::\rbon ndclition . Acot:,rl CoA cnn ol eo bo for;:"~ d frc:n GUC''rO vio pyr uvi c 
a cid c:~ld1 t i on . 

_,_ 
~y 
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Fig. 3 Scho7~t1c diacraw of reapirotory cl4o2 
on.'llyzor for hw ... :m:J . 

-6-



\ 

Fig. 4 An c.::c:u:ple of a r espiratory d-40;2 pattorn o.o ~clo by 
the inGtrurJnt dc.:;;cribcd . 
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'.!.:,i:~ ( / :.,: u c cc:uilio:~ia:'1 r:...;y b.J conveniently studi ed in tho irr:.:.:.~,..c, c.ni:. .. ~l 
1,. -,- •,. ·- ' 'l'l' ·· "'1' r' ~r· -· rl' b • d Co\ a~d l" U'' l ocl "C·"t.'lt"' are rc --·'ily ev---il - iJl O "-'J· ...... ~ . ~ (_.•,., ... • .. ~v "- ~~-....~ ...... ..... • - ... R"' L , - ~:-.. - ..... ... ..... ......, - _ 

,, ·. ' -· -'·, - - · -r l'"' ·-~r1 " ,-: ··· f ie ~ "' t i n CoA b•r .fO"Ci'Y' t h"'.l Ol:l n 1 -.·· ntotl ··o~li c C"'id ,.,!' .l _ ~,. ,I.J ,J • - •,.; ;...J " ~-~~-.J \..0. ·..- -· · •

5 
V ......,. ._ J. (..) • V.J. L.l, .~ • I "''" '-' • V 

(' . .!..~:; _.; :'l t G.i ;:;t ( p~·,o r.1tn ) .1-c: Tho r ,(l t torn of c::croti on of . clJ~~ c:1:1 t:, :: ~· :. -· 
i\· __ , L :; c yt..::.·:..· ~~ -~ d o.c. n ftu1etion of body Co~\ l ovolo end t.1o ntr'v:.:'itio~..:ll Gv:l·::.o 
ir:.:>c:~~,l by p:mtot.h:mi c acid d8ficic:-1ey . 

11. nu.1 :¥:.r of v.:; r1a.blo3 tl'l:'.l t could inf+uunce t ho rccpiration p.::\ ttorno \!0::'0 

b·i~ f ly inv-c cti satod . Intra pori to::lc::ll (1 .p.) injoctio:t of tho CoA c-:-:vu 
r·;::...._. c e:-1::-:ict :.nt r o::: 11 ts tll:l!l intr~V0i10UG · (i .v.) or cul>cut:.mooua i nject i on . 
r:o dii':l'c.:c.)nc ::: o in p· ttcrna l.J..:Jro found \.Jith air flou rntJ :J t ll:1 t gc.·.ro c:1~<.1 C02 
con:::.,ntr.:~ tien:J fl·o:n one to four p;:rcant . Tho offoctivo body pool si~o of 
nc:.~:~t ~ in ratG chould bo quito larc.J c:lncq 0.9 to 1.2 G· of acetic acid n:::·o 
f o::-; · ~1 p ::1r d~y per 100 C• body \\.Jicht .l3,14) In acroor.:'Jnt \-nth thi:J assUJ~)­
·uon no CiGnificont dlfforoncos \-Jere ob:Jcrvcd tdth dozos of labeled nc:1t: to 
v:-c:cyinG fl~o:a 0 .2 to 20 m;; .; 2-m.s . do no:J \.;oro used . Indi vidl.Ull anil.!:.:ll va :::-1:..1 -
t ions , ecp:1ci ally of tho PAD rato, Horo such that 6 to 20 cop .. 'lrato curves 
wore r.;::lcsurcd for each nut1·i tional st:lto ; 

Fig. 6 chou~ the rota of CKcrotion of c14o2 after injection of oodi~~ 
ac:::~tato-2-cl4 in rato of four diffcr,:mt physiolocical otatos. Fie; . 7 cho"..'.J 
tho cumll.ativa ~::crotion ·cUl-vos for this s~o caries . From theca p:l tt~rnD 
ono e.:Joa t b...'! t labeled acat.::~to io more rapidly and noro co.:::Jplctoly o:::idi:: :;d 
to C02 in PAD rats tha!l in norncl ru to. Ono alco nc:Js that CoA doproccos 
clL.·02 excretion in both norr...Jl and PAD rats, and by crop.:~rnble amount.a. 

Th3CG data arc conciotont with the acetate motabolis~ s~~o~~ proccnt s d. 
Sinco Pft.D rate ora deficient in ~oA, thoy should luve a tJi1'..'lllor ncct,:,l CoA 
pool tb r: n norrr.Al rata. Tho::-ofora, in PAD rata, oftar oclminiotration of acG-

tatc-2-c14, n hicllor cl4 ::>pacific activity should bo obcorvod in produot!::l 
diroctly derived from t..l'J.iO intcr:::.D di~to , nuch aS cl4~ for.r::.:Jd Vi.n thG 
citric acid cycle. 'l'hio nhould be a ohort-tcrm effect and in indeed soon 
only in t ho enrly port of the rnte curves. 

Convor coly, injected CoA chould incro.::~oe the acetyl CoA pool, a.nd thia 
Dhould dacr03CO tho pcnk C02 cpocific activity, an observed . But this cL1n:::;-J 
in pool oi:::a should not chnngo t he cwni.llative cl4 o.."Ccrotion as ohmm in l?ic . 
7, u."lloos o.l tc nato IWUlbolic futoo fer tho ucetnto fra cn::mt a.ro em'"' need by 
tho CoA . A p:! tln.-.y t l:3 t is pro1::ably enlmncod is fat &Jnthor:io, in "'~icb 
c::~ch r.:..:;jor ctop r o uiroo nn n co tyl CoA oolecu.le. Furthormrc , on nnil.:..: l <1...-: ­
ficic~t in CoA 't-rill h.:wc a f c t deficiency, which should bo solcctiv0ly allc­
vi:'l sd ~!:1'.-m I.1oro r. c::Jtyl CoA is provided. 

T.uc h:rpcth:;: i:J \..',1C fu:r t!1or con.firr...)d by L"'..:Ud.ng f.'.Z:lZuroc:mts of live r 
fat r.~dionc·~ivi t~ . PAD rGt~ (nvorn.c:;e of 4) t hat ~:cro c;ivcn l cbolod t.~c:::t:~t . 
c.nd 6 :.''..S . of Co.'. incc!·por,:rt~d 5 .2;;; of tho inj octod l -3 b:Jl i uto li vcr li!Jic~:; 
i n Or'.J hour ; ? :,D ~ . ~-:J (nvc:·<;o of 2 ) e ivon l cbolcd oc:Jt['lb O!Uj.'' i nco."G:J" •;:·:.,- :l 
1 • .2~; of U.o i .1 j cct..:d ::-~~{::o: ctivlty into livor lipids L'1 tho -·.::::; tt:·_·J . 
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