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ABSTRACT-

]3C02 relative to ]4C02 has been

A decrease in the recovery of
previously reported at low oxidation vatic of 1-C- labeled trioctanoin.
To determine whether or not this phenomenon is due to an isotope effect,

and if so, to identify the metabolic step'at which it:occurs, the in

vivo oxidation of ]3C and ]4C acetate, octanoate and trioctanoin
were compared. The ]3C and ]4C substrates were administered simultan-

‘eously to rats whose expired CO2 was collected in TN NaOH, and subs-
sequently released by acidification, and cryogenically purified in

14C and 13

vacuum.v Total CO2 was measuredAmanometrica11y, and the C
recoveries were determined by scintillation counting and mass spec-
trometry, respectively. The trioctanoin bfeath tests did npt reproduce
the previously reported isotopic discreﬁancy. Further investigation
revealed that the emulsified corn oil used as a pancreétic stimulant
significantly depressed the endogenous ]3C02 abundance in breath and
caused the discrepancy. These studies did reveal a small time delay

]4C02 relative to.]3C02 during the trioctanoin

in the appearance of
breath test, which is probably due to a kinetic isotope effect. This
difference in oxidation rates, however, is too small to affect the

results of clinical breath tests.
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:Jpo'nsared by the United States Govemment. Neither the
Err‘u(ed States nor the United States Department of
¢rgy, nor any of their employees, nor any of their
, Strby , or their 1! makes |
any warranty, express or implied sumes an
liability or ponsibility for fhe reuraey. con 3:‘)’ o
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o "'"f'R'IZOCTANOIN -

During the Tast 5 years, a series of clinical ]3C02 breath tests

14

--has been deve]oped‘as a non-hazardous alternative to ''C breath tests

(1). Although the preference for the use of stable isotopes in human

studies is‘genera11y acknowledged, the two tests must be demonstrated

to be equivalent before the 'S

rep]acement‘for‘the 14002 breath test.‘

13

C02 breath tests can be considered as a

]4C0

Several validations of the CO2 breath test against its

2
ana]og have been reported each with a d1fferent degree of agreement

between the 1sotop1c recover1es of the 2 labels. Almost exact equiva-

13, 14

lence was demonstrated for “C.and '°C aminopyrine (2), but a discrep-

ancy in recoveries. has been-reported for the trioctanoin breath test
(3). The labeled CO recover1es fo]]ow1ng oral administration of

. Tabeled trloctano1n were in good agreement whenever the trioctanoin

13

oxidation rate was fast enough to y1e1d an excess _002 excretion of

30%/00 or more . above the natural abundance level. However, at an

13.n .
CO2

002 (Figure 1).

13C

oxidation rate that produced less. than. a'5°/oo’increase in

13 14

abundance, the C02 recovery was only half that of

A similar discrepancy has been reported during the validation of

glycocholate breath test (4). Here, the recoveries of 13

14,

CO2 were only

about 60% of
13

CO2 for a series of simultaneous measurements in which

the excess CO2 abundance ranged from 1 to 200/00



These discrepancies afe qufte surprj;ing because one would expect

:the two isotopes of carbon to behave in fhé $ame manner. However, fhe
~possibili£y of an interfering isotope effect should be considered. The
lgbeled carbon muét undergo é seriés of ﬁetabolic reactions and pass
through numerous-hetabo]ic pools, each éf which may introduce some .

- isotopic discrimination. It is é]so possibfe that these discrepancies
are artifacts, arising either from the co, sémp]ing and analysis, or
perhaps from some effect of the'test protocé] itself.

In this study, we have examfned the trioctanoin breath test to
establish whether the reported.fﬁotopic aiécrepancy was an artifact or

- whether it was due to some in'yigg-isotopé effect. If it was the latter,
-we wished to identify the metabo]ié step at which it occurred; This has

been established using simu]tanéous ]3C and 14C breath tests with
carboxyl 1abe1ed.acetate, octanoate, and trioctanoin in animal studies

using rats.



‘Methodo]ogzﬁ
13 14

Animal Studies: The comparison of the recoveries of CO2 and CO2 in

]3C and 14

-breath following the,administration of C labeled substrates
~were carried out using the rats. The rats, each weighing'approgimate1y :
~400 g wére fasted overnight. The rats were p]acéd in individual 2.5
sealed metabolic cages for co]}ection of baseline 002 before substrate
administration. Laboratory air was drawn through each cage ét 2;]2/min,
Ambiant COé was scrubbed from the air before it entered the cage by
drawing the air through a tube filled with wet NaOH. Air leaving the
cage.was spTit to provide a flow of '0.82/min through the CO, collection
tower. ' The remainder was discarded into a hood. The collection tower,
to which 5 m1 of IN NaOH had'beén added, consisted of two vertic&l,
concentric glass tubés sebarated by a spiral of 4 mm glass rod.

Because of the spira1.path, air'entering the base of the tower wqu]d<
remain in contact with the NaOH so]ﬁtioh for a distance of 75 cm in a
vertical hgighﬁ of 10 cm. Complete CO2 adsbrption has been demonstrated
for this adsorption tower by monitoring the eff]uent for any residual
CO2 by infra red spectrometry.

After coT]ecting two 15 minute baseh‘ne'CO2 samples, the rat was
removed from the cage and the substrates weke administered intragastricly
in a volume of 0.5 to 1 ml of fluid. The rat was returned to the meta-
bolic cagefand breath samp]inngas continued; |

Substrates:

13

Acetate: 1 °C-acetate (90 atom % excess) was purchased from Merck, Sharp

14

and -Dohm (Montreal, Canada) and 1 '"C acetate (0.99 m Ci/mg) was purchased




|
|
|
\
‘
|
|
|

.was. mixed with 0.5 uCi o

- Stable Isotope Resource at Los Alamos (New Mexico) and 1

“from Amersham Searle (Arlington Heights, I11.). In order to obtain a

--wWide range of labeling in the five studies that were performed, the:

13 13

C acetate was dosed at either.0.2, 0.5, or 1 mg. . The "“C acetate

£ 14 acetate in 1 ml of distilled water.

~Between 0 and 2.5 Mg of natural abundance acetate was-added as a carrier.

Following oral administration, breath samples were taken continuously in
15 min intervals for 2 hrs.

]BC-octanoate (90 atom % excess) was obtained from the
14

QOctanoate:. 1
C-octanoate

was (0.026m Ci/mg) was pdrchased from New England Nuclear (Boston,'

Mass.). Either 1, 2.5 or 5 mg of 13

C octanoate was mixed in 1 ml of
14 ‘

water with 0.5 uCi of ' 'C octanoate for administration to the rats. -

Between 0 and 5 mg of natural abundance octanoate was used as a carrier.
A total of 6 studies were performed: Breath CO2 was collected contin-
uously in 30 min fractions for 5 hrs after administration.

13

Trioctanoin: Tri-1 C octanoin was synthesized from the octanoate by

]4C octanoin (0.017 mCi/mg)

13

Nu Chek Prep (Elysian, Minn.) and the tri-1

was obtained from-New England Nuclear. Between 2 and 5 mg of
14

C tri-
octanoin was mixed with 0.5 m Ci " "C trioctanoin in 200 mg of Lipomul
(Upjohn Co., Kalamazoo, Mich.) an emulsified corn 0il. In four of the
six studies, 8 to 10 mg of natural abundance trioctanoin was added és

a carrier.



. --Analytical Procedures: The Cbz was released from 2 ml of basic stution

. -in vacuum by the additibn of .2 ml of degassed 20% H2504Asolution; The
%CQZ was then cryogenically purified using a -94°C bath to trap water

-and ‘a -196° bath to trap C0,. Details are givén elsewhere (5). Following
pﬁrification, the CO, was measured manometrically and divided in half.
One aliquot was transferred to an evacuated rubber séptum capped, 50 ml
tube (Vacutainer TM, Becton and Dickenson, Rutherford, New Jersey) and 5
ml ~of 50% methano]/ethano1amiﬁe'(New Ehg]and‘Nﬁclear)

" was added and allowed to adsorb the CO, for 30 min. The ethanolamine was .
then transferred to a scintilation vial, 10 ml of Sintisol
(Isolab Inc., Akron, Ohio )~Wd$ added and the 14C was measured by
scintillation éounfing.- The ]3C02 abundance was measuréd on the other
aliquot of the COp sampie on a Nuc]ide 3-60 Sectorr has; spectrometer .

(State College, Pa.) as previously described (5).-
' The label recoveries were calculated as follows:

a 3¢

13 =
| C % dose/mmol CO2 k x T admistered X 100 (m
14¢ _ dpm/mmol CO | N
C% dqse/mmol CO2 . dpm administered X 100 (2)
13 _ .13 13 '
A C =6 Ctime t -8 Ct_ime 0 . (3)
- 134,12 : .
s13¢c = L€/ °°C) sample 211 x103 ()
(13¢/12¢) reference
R | |
k=-3td, M 00 | (5)

103 (P)(n)

‘where Rstd is the '3¢/12¢ ratio of the standard CO, gas, M is the molecular

weight of the substrate, P is the isotopic purity in atom percent eXcess,




.zand n is thé number of labeled carbons per molecule.

The toﬁal dose recoveries were éa]cu1ated by mu1tip1ying the

. -percent dose/mmol'values by the total CO2 production. This was obtaihed
from thé céﬁéentration of4C02 per ml of collection fluid as measured
ymanometrically, the ibta] vo]ume‘of collection fluid, and the known

-split of air flow between the collection tower and the bypass.

‘Calculation of Relative Reaction Rates: '

The overall intermolecular kinetic isotope efrect (k]4/k]3) for
the catabolism of the labeled fats can be calculated from the change in-
the enrichment of the isotopes in breath C02 relative to the enrichment
in the~starting‘materia1s (r) as a function of the completion of the

reaction (f). From Raaen ( 6), the relation of these factors is:

14,13 _ In (1-rf) ey
AR NEIN (&)

Now, since thre results are expressed as the cumulative percent of
administered dose, the relative activity of 14C to 13C in the

starting materials is 1, and r is'therefore given by:

T % dose ]3C ' (7)
;o 14C

L % dose

r:

The completion of the reaction of fat to CO2 is

f = 1-2% dose 13¢/100 ' (8)



Substituting into equation 6 gives

5 In (T— ‘z% dose ]4C/100)'
k14713 - T3, oy
In (1- =% dose '°C/100).

Thus a plot of In (1- % dose '%C/100) vs. In (1- £% dose 13¢/100)
will yield a line with a slope of k14/k13.

-Results and Discussion:-

Three methods of daté reduction were employed in énalyzing fhe
results from the simultaneous ]3C/14C breath tests. They Qere employed
in order to detect either a constant proportional difference in isotope:

‘recovéries, an absolute difference between the two isotopes, or a
différence in the rates of conversion of the two iSotopés to C02.

To detect a proportional difference, the ]3C02 recoveries were
graphed against the ]4C02 recbveries and a regression of the 13¢
recovery against ]4C was performed. The regression constants for the
three substrates are shown in Table 1. The slopes of the regression
lines are not'significantTy different from unity (p>.05)-ﬁor are the
intercepts significantly different from zero (p>.05). Thus there is
no systematic discrepancy of greater than 5%, fhé limits of pfecision,
between the recovefies of 13C02 and ]4C02 following oral administration
of acetate, octanoate or trioctanoin.

A second comparison similar to Figure 1 was made by plotting the
ratio of the 13C to T4¢ recovery as a function of the per mil excess
]3002.» This method of combarison is very sensitive to pérturbations at

low rates of label recoveries. Again, no difference between 13¢ and




W recoveries was observed. The plot for the averaged recoveries
_after trioctanoin administration is shown as‘en examp1e (Figure Z)fi
This is in disagreement with the previous]y‘reported comparison ofifhe
]3C and ]4C trioctanoin breath test where the recovery of ]3C02}de-
creased relative to ]4C02 as the per mil excess ]3C decreased )

In order to explain the disagreement between th]S study and the
previously reported trioctanoin study a series of substrate baseline
studies Qere performed using Lipomul alone without the addition of ]3C
labeled trioctanoin. Although the Libomu] did not alter the isotopic
conteﬁt Qf the C02'produced by fhe rats; a smd]]; but signifieant
decrease in ]3C02 abundance of expired CO, was observed in human studies.
This decrease was about 2°/eo and it would result in an underestimation

]3C02 recovery from 13¢ 1abeled trioctanoin. Correction of the

of the
-]3C recovery for this depression of the baseline in the earlier reported'
validation of ]3C02 trioctanoin breath test eliminates the decrease in
]3C02 recovery shown in Figure~1‘and brfngs the relative recoveries of
]3C02 and ]4C02 into good agreement.
The prev1ously reported discrepancy between ]3C and ]4C recoveries

-during the trioctanoin breath test is therefore an artifact resu]ting
~ from a shift in the baseline 13C02 abundance. This result again demon-
‘strates the importance of performing un]abeled substrate base]dne studies
‘during the development of ]3C02 breath tests, and more importantly, in
performing them under the exact -conditions used in the breath test with

‘subjects who will closely match the subjects in which the breath test is

to be performed.




While the first two comparisons did not demonstrate any difference =~

-between the two isotopes, the third comparison did reveal a small time

~dependent discrepancy. The shapes of the curves describing the excretion =

-of the labels were nearly identical, but there wasa slight delay in the o

14

rise of the CO2 re]ative'to,13C02 excretion and the rate of decay'of

the ]4C02 excretion after the peak value tended to be slightly slower

than the ]3C02 (Figure 2). This effect was most evident for trioctanoin _,4‘

-which had the slowest rate of metabolism and was negligible fof acetate
which was the most rapidly metabolized substrate. It should be noted
that the label excretion following acetate administration peaks during
the first breath collection interval and thus the acetate data does ndt
lend itself to this time course analysis. |

The difference in excretion rates for the two isotopes was most
evident when the ratio of the cumulative recovery of ]3C to T4¢ was .-
‘plotted against time (Figure 3). Inithe early portion of the test Qhen
the label excretfon rate was increasing, the cumulative récoveries
differed by 5 to 10%. The difference then decayed toward zero as the
label excretion rate peaked and began decreasing. This observation is
consistant with a kinetic isotope effect which would discriminate against
the heavier isotope and thus decrease'the rate of ]4C metabolism and
excretion.

The overall isotope effect was calculated for the three substrates
(Table 3). Unfortunately the 5% random variation in the label recoveries
between individual breath tests was large re]atiye to the isotope effect

and did not permit an accurate value for km/k]3 to be calculated.




'?Further ana]ys1s is difficult because the 1sotope effect as calculated
is the sum‘of any isotope effects that occur dur1ng hydro]ys1s adsorp-
-tion, transport catabolism, and excret1on as well as any isotope effects
-that occur dur1ng lipid storage.

Comé;risbn of 13¢ and 14C breath tests fo]lowing the administration

-of labeled acetate, octanoate and trioctanoin demonstrates the near -

~equivalence of the.stable isotope_and‘radioactive isotope tests. Only a

small decrease in the rate of 14COZ excretion relative to ]3C02 excretion
was observed. This difference was only significant during the»rising
portion of the excret1on curve, and was neg]1g1b1e when the total areas

-under the excret1on curve were compared. This small isotope effect

would not have a significant influence on the clinical application of a .

CO2 breath test because it s sma11 relative to the patient-to-patient .

variations that are normally encountered.
_ N

_]0_




 -SUBSTRATE

SLOPE
_‘Trioctanoin' 0.93
(0.05)
“Octanoate 0.98
( .03)
Acetate 1.03
, (0.04)
Table 1.

INTERCEPT
% dose/mMole COp

. CORR. COEF.

0.970

- 0.987

0.984

The_regression_of the individual time point recoveries
Standard deviations are given in

of 14C0, onto 13¢07.
parenthesis. MNone. of the regression lines are signifi-

cantly different from the theoretical line of unity

through the origin.

N
N

-1 -



SUBSTRATE - RELATIVE ISOTOPE EFFECT

| 413
'Trioctanoin 1 . | 0;93 (0.04)
Octanoate | . 1.00 (0.05)
Acetate - 1.01 (0.05)

reachon rodia

Table 2. - The relative isotope—effects for the excretion
: of labeléd CO, following labeled substrate ad-
ministration.

- 12 -
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Figure 1.

Figure 2.

Figure Legends

]3C to 14C at low

oxidation rates of trioctanoin has been observed in an

A decrease in the relative recovery of

“earlier study (3).

Reinvestigation of thé simultaneous ]3C/14C tffoctanoin<»
breath test failed to reproduce the»effect shown in Fi-
gure 1. The effect in Figure 1 was shown to result from

a 2 to 3°/00o decrease in the endog nous ]3C02 production

following ingestion of Lipomul. Data from 6 breath tests

were averaged in 5°/o0o increments.

Figure 3.

Figure 4.

A typical simultaneous 13C (solid 1ine) and 14¢ (dashed
line) breath test shows the trend for the ]4C02Ato lag
behind the '3€0, excretion.

Average of 6 trioctanoin breath tests performed in the_'
rat model. The cumulative recovery of [EVRT 10% great-
er than ]4C during the first hour and approached equiva-

‘lence after the 1abe1ed.C02 excretion begins to decrease

after reaching its maximum at 2 hrs.
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