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DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
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necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.
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arbon-14, the most useful radicactive 1sotope of carbon, has boen vory
irportant in chomical and. blochomical rescareh since eireq 1945. Tho radio-
activity from this woak bota enitter (maximum encrgy of the p-particle is
155 kav) 1o difficult to dotect and it 19 not possible to moasure ths radic-
scetivity or determine its location from cutside the body. Thus animal ctudios
using this isotope usually rcquire sacrifice of the animal, unless moagurc-
ronts ars restrictod to excretion products and blood. Fartially becauce of
difflicultios of this naturo, carbon 14 has not yet become a useful tool in
elinteal madieino.

Although earbon-ll cannot be detected in animls fn sitn, it can bo
;agured as 1t is oxereted. Of the soveral catabolic end fatos of carbon
1 oystengs, quantitativeoly tlie most important is brecath excrotlion as
ben dioiida, In addition, carbon dioxide ¢rzrcretion responds rapldly to
in tho rotabollc lovel of tho body = tha only carbon eicrotion pio-
do co. Tin breath cxerotion of carbon-l/ following adiinictiration of
1 orranie compound caa dherdfore Lo used in intact aniinls to sivdy
tabolizn of sprcifie corpounds andiof the partiecular laboled carvon
atei- in the canpound.,
if ong has established the rocpiratory pattern of a glven
nienseniyal-groton, ivarfations in thdsrntlernican pio-

oratad dn torng el tha physldlorical ‘slatoiet tha uni-ad




co ‘an elncst unlizl tad-nuntal of ec“ﬂ~“
is rrerently avellable or can bs ]
sentdioxide from spocific substiuted is
ant nondostructive tosts that can kel mud
an i‘ alas

1y , ride on respiratory carbon-l/ exercticon in
pr*ceuu1 as for naasuring this execrotion have
ga amounts of radicactin 1ty. In this ¢ 1’1 L i
suent techniques which ovéreono thess difficul tic.,
: nt typlecal cxpsrimsntal data for a nunbsr of aninnl systens, | ¥an
ai’fects of phyclological state are chown in scia cases.

I tnl Tochnioresg, «  The respiratory excrotion of 01400 is-usunlly
peapurad as 1olig_d. Aftor injection with a labaeled substanco, tha aninal
is placcd in a clozed caga. The alr from the cage 1s pacced through a dilute
codium hydroxide or barium hydroxide solution, Those solutions ars chansnid
paricd lc’lly and tho collected COp is pracipitatsd, usually as iho in"n7

tariunm earbonate, filtored, dried, waighed, and analyzed for radicactivily.
ihis wothed givas results in torms of tho specific activity of tho ClAQ:, anid
if quantitative moasurcmonts are rade on the CO2 excretion, ewmlativo ci-
crotion of C14 can also bo caleulated.

This method of analysis 1s used by the authora for long-term respiration
studies becausa it may ko made very sensitive if special radimctive asoay
procedures are used.”? It suffors the dicadvantage of boing slou, or
roquiring lots of work, and/or pornitting only a limited number of saunples.

As an altornate procodure we have devised-an appnrﬂ us that continuourly
poasures the Cl40p exereted by an animal (seco Fig. 1).7 In this cysten
an anih41 is placod in a omll cage. Air is pull cd through the cap» at a
constant rate and is pacced through a drying tubs and throurh an ionisation
chanber. Tho radicactivity produces a charge on the collocting electrods of
tho ion charberj; this chargo i1s directly proportional to thse radicactivity
in the chambor. A vibrating-rocd electreomator and potenticmoter recorder
mko a continuous tracing of these radleoactivity levels.

For mico, ratg, and rabbits 100~ to 1000-cc. fonization chambers aro us .
Air flow ratos aro from 100 to 400 ce./minute. The sensitivity of this ecguin-
cn% 18 such that a normal dose of 40 Kcurles ClA/k body woight is uwoed
fn" 2f~hour studies using simple body rmatabolites auch as acobato or gly-
ciro., Tho electrical and gas~flow tima constants for 5075 recponco are about
one ninute.

L of the acotato-coonzyras A (Cod) expsrimonts described in this parar
are made using such equipsint. This 1nstrunont roasuras the rats at 1hich
bon-14 diccids is exceratod; the cumulativo exzcrotion curve Iny bo ol-
by intasrating this rate curve. Howswer, ons dess not ot ths
tivity of the C40n, cuch as is obtainad by the bariuvm cacbenate
5 wialch 1o prokably o batlter maaoars of i.e redicnciivity in
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Fig. 1 Apparatus for continuous measurement of
breath Cl40p radicactivity
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In order to automatically and continuously determine hreogth spocific
activity wo have constructed a second type of instrumont .2y9) This irproved
apparatus eontimiously roncures and records (a) the COp exerotion by infra-
rod absorption, (b) tho ¢t exeretion by an ionization chamber and (c) tho
spocific activity of the cl402 by a ratio analyzor.

As before, the animl to bs studied is injected with a labeled compound
and is placed in a cage no larger than necessary for the particular aninal's
6ize (sos Fig. 2). For hwmans a transparent holmat is used togothor with
a slightly modificd flow systom and eafe tracer doses are used L0 (S0 Fig.
3) Adir is provided to the subject from a tank of compresscd air which has
beon aged to allow decay of short=lived naturally occurring g-radiocactive
gaces = mostly radon and thoron.

The air is pasced through a sulfurlc acid bubbler to remove water and
throuzh an ionization chamber. As deseribed above the radicactivity is
detorndinsd by a vibrating-recd electromater and potentionmster recorder. Tho.
alr thon passos through a varlable-volume chamber and an infrared COp
analyzoxr, The variable~volume chanber adjusts the response tims of the COp
analyzor to match that of the rddicactivity-measuring unit.

The electrical signal corresponding to the % COp in the breoath is recorded.
This recorder also detornines the ratio of the radicactivity signal to the
% COp sipgnal and plots this figure. This ratio is directly proporticral to
the specific activity of the excreted CM0,. An example of the original data
is shown in Fig. 4.

For emall laberatory animals and 100~ to 1000~ce. lon chamberg, the radio-
activity dose was about 40 Heuries Cl4/kg. body wolght. For humns a normal
doce was 10 Heuries of simple organic motabolites, such as acetate or glycino.
This corresponds to a dose/wolght ratio of only 0.14 Meourie/kg. body woight
wvhich is well within the safe tracer dose. The lower figure is made poscible
by use of larger ionlzation chambers = from 10- to 20-liters in size.

The time for 50% responss of this instrumont as used 18 about one minute.
This tims constant can bo decreased by increasing ailr flow rates and decrcas=-
ing the 1lon chamber sensitivity, A more rapld responsce does not scen no-
cascary, howover, if one considers the biologlcal system. The ecarbon dioxide
produced in a coll becomss part of the body bicarbonmate pool. Using known
fipures for placma bilcarbonate leovels, total body water and CO> excretion
rate, we calculate that the half-times for excrotion of CO2 from the human bedy
15 10 minutes, accuning complete mixing at all times. This agroes woll with
an early experirontal valus of 15 minutes for the COp surn over tima in rats
which can be calculated from the work of Gould at Ql.z

Aootatn Matabalien and Coonzyay A. =  The acetate fragmeny has been one of
the moot eitonsively gtudied compounds in biochemistry i/ A echiratic dia-
gram of this compound is shown in Fig. 5, which emphasizes the role of CoA.
Acctate 138 presumed nostly mstabolized throuszh the intermediate, acatyl CoA.
Qeddation of tha acotyl CoA to COo may procsdo via the citric acid c¢ycle, or
the acetyl CoA may be synthesized into fats, using mora acstyl CoA for cach
two-carbon addition. Acotyl CoA can algo be formad from sugars via pyruvie
acld exidation.
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RESPIRATORY C*“O, PATTERN FOR A
RAT INJECTED WITH GLYCINE -2-G* : o
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Fig. 4 An example of' a respiratory cl/*oz pattorn ag mnde by
the instrurant deccribed.
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This driaade eauilibriun oy be convenicatly studied in the intact aniinl
hicpaun ssaribad, Cod and labcled acctats are readily availabls

s eny bo mado Gefiecinnt in CoA by feeding them on a pontothicnic geld
1ati (PAD rats).l‘) Tho paticrn of e:xerotion of cHon can thors-
s Ea Cotormdnsd as. a function of body Cod levels and the nubiritional stals
inducad Ly pantothenie acid deficlency.

A mulor of variables that could influence tho resplration patterns were

brl<fiy investigated.  Intrapsritoncal (1.p.) injection of the CoA pave
nove eonslotont rocults than intravenous (i.v.) or subecutansous injoctian.
ll6 diffcroncos 1n patterna were found with alr flow ratog that gave eage €02
consontrations from one to four percent. The effoctlive body pocl sico of
acztat? in rats ghould bo quite largas gines 0.9 to 1.2 g. of acotic acid are
for:zd por day per 100 g. body waight.13al£) In agreemont with this assurp-
tion no significant differoncas werae observed with dosos of labeled acavate

avying froa 0.2 to 20 nz.; 2-mz, dosog wore used. Individual animal varice
tions, espooially of tho PAD rats, wore such that 6 to 20 scparato curves
wore measurcd for each nutritional state.

Fig. 6 ghous the rate of ecxcrotion of 01402 aftor injoction of sodiun
acatato-2-C+4 in rats of four differont physiological states. Fig. 7 cheous
tho cumulativae excerotion curves for this samo cories. From thoss patterns
ono £cog that laboled acetats is more rapidly and more completely cozidicza
to CO2 in PAD rata than in normal rats. One alco scos that CoA deprecces
01402 exerotion in both normal and PAD rats, and by comparable amcunts.

Thseco data are conscistont with the acotate motabolienm schems preccnted.
Sinco PAD ratsc are deficlont in Cod, thoy should have a smalloer acet;l Cod
pool than normal rats. Thorofora, in PAD rats, aftor administratlion of ace-

tatc-2~014, & higher Cl4 spocific activity should bo observed in producis
directly derived from this intormedistae, such as C1402 formed via the
citric acid oycle. This should be a short~term offect and is indeced seen
only in tho early part of the rate curves.

Convarsely, injoctcd CoA chould increass the acetyl CoA pool, and this
should docrcace the psak CO2 cpacific activity, as observed. DBut this clango
in pool siza should not changs the cumilative Cl4 excrotion as shown in Pic.
7, unless alternato motabolic fatos for the acetate fragmont are enhznccd by
tha CoA. A pathuny that is probably enhanced is fat synthosis, in vhich
cach major stop requiros an acotyl CoA nmolecule. Furthormere, an aninal do-
ficient in Cod will have a fat deficlency, wiich should be selectively allc-
viatecd wion wmore acotyl CoA is provided.

This hypcthoris was furthor confirmsd by malking measurerants. of liver
fat redicaciivity. PAD ratc (average of 4) that were glven leboled acctata
sud 6 . of CoA incerporatzd 5.2% of the injected labsl into liver linids

In ong hour; PAD raig (averace of 2) given labeled acotats only, ingeorporaizd
LR% of tho injoeted radiocetivity into liver lipids fn tho eamsitize.

-

AL



@

14

wl
=
-5
E‘
=
24
w
a
a
w
P
w
o
(S
>
w
w
8
[a]
(=]
w
=
O
W
5
<
s
o
E

#0160 126 140 160 180
TIME IN MINUTES




90 T T T T T T T
it Ve el 1 Dol SR (s T S s e MR LS | e PAD
) N A AR S U AR S o e e
PAD. + CoA
8 sof P ]
a S emmsmEee DL
o — CONTROL
o T 4mg. i.p.
w R
70t bl i
= i CONTROL +
w CoA
=3 4mg. ip
Z 60} i
w
(@]
X 50} 4
o~
3
O 40r 3
>
o
O 30 4
=
<
o
Q 20+ .
%)
u
o
10 1
o A ' L L A L L
60 120 180 240 300 360 420

TIME "IN MINUTES

Fig. 7 The effect of pantothenic acid df£iciency and CoA
c

on the curmulative excretion of *0y after sodium
acotatco-2-Cl4 injection.



0 R R J > PAX " lY L "' \/\‘r C[\"‘-,
Lyl of ths broah,29d! 1w Py L..ulmy , BE T
L SR < e -~ Tl S, ’\, {‘ / |
R (VS U A G P AR AR & & VSAGTEALGwe '; L;L {ota
3 £ A S
vy and Lpipalvdtir-carbonyle Cl-

tate and plucoso are both about €07 cidinad to COp in 7 hours.
25503 iave eimilar poak c“"*sbion spaeifice activitics
c::idir:d at a mch hiphor rate than ths glycina in »LJ
he curve. This is p;ovablj so bocauso half tho leucipa is tho
txlcliu:, which connot ba directly uccd a15) and 1s elovly o=
utﬂ ozidiced to CO2. The lator part of the leuwelns rats curva 4o
alght 1ino whon plotted on soni-log papsr == a good confiriation
1 &bove kx‘.v,ulon. Tha tripalmitin is so €lowly oxidized to COp that
onz can pguuhlato that moot of it 18 stored in body tiesucs as a fat, poxhaps
without chango.
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Thzoo rogpiratory data establish a rapid rmaothod for aceuratse noasursr b
of broath CLLOG cxcrut_on, both in torrms of spocific activity and cunulative
creration, Cortain othor interesting obZcrvations are also possiblo. At the
b of our work an iu;ortJnt question was whothor cpocific activity cunves
vero continuously dooriacsing functions, once a poak was reached. Uithin tho
1init of owr instrur:ntutlion this is trus for tha glyeino, ucotatci loucino,
and tripalmitin. It is not true for glucosej sharp rovercals of C 402 gpocifle
nctivity wvera obscrved in evory rat studied and corroscpondsd with poriedo of

vlzed physieal activity. Thoso reveroals probably corraspond to mobilization
of rocontly doposlted plyceson in the livor -- a sclective phonoiznon oboor-
ved by Stetton and Stettca. 17) The cpocif13 activity curves for adonino~-2-Ll4,
adenino-,6-0t4 and adonino-8-CM 1n micel®) have also boen detormined on thle
unit and are not continuously deercasing funotions.

Gur

Az rontioned earlicr tho half tims for rosponse of the C1409 enalysis unit
is about ons minuto. Aftcr 4.p. or 1.v. injection of such sirplo motabolitos
ag laboled oestato or glicoge in anirals and man, dotoctable amounts of radio-
activity wore obsorvcd in the breath in 1 to 2 minutes. This, then, roprasants
an uppsr linmit for tho minimun respiratory exerotion tims for thaso coipou
For all five conpounds razimum excrotion rates oceurred within the firuu houw,
provided tho anlral was not in an abnormal physiologlcal stato.

——

by utia of ”Lygina-~»”14 and the barium carbonats radicactivity analysi
#athed. o havo now rop AL_d the short torm respiration studies for a nu.%;r
of paticents with advinecsd cancor or polycythomia vora. Fig. 10 chowa thao
cpgcific aclivity Am'é curve for lMr. Fi, a polycythcmia paxtiont in roml
This curve is typleal for jaticnts in an apparent norral condition, but i
apraars bo bo dr actically : “saified by advanced ‘cancor.
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