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The metabolismof @9-methyI-[1-'4C]heptadecanoic
acid,a
potentialmyocardialimagingagent, was investigatedin
perfused hearts and livers from rats. Hepatic uptake is

@â€”4.5
timesgreaterthancardiacuptake.In the heart,66%
of @3-methyI-heptadecanoic
acid metabolism occurs via
omega-oxidation, 33% by esterffication and <1% via al

increases the residence time of the tracer in the heart
up to an hour, thus allowing detailed positron emission
tomography (PET). Livni et al. (10) demonstrated that
after injection of [â€˜4C]BMHDA
to live rats, the tracer
concentrates mostly in heart and liver.
In view of the promising features of BMHDA, we
investigated

the

fate of [l-'4C]BMHDA

in perfused

pha-oxidation.In contrast,53% of hepaticmetabolismof hearts, livers, and hearts and livers from rats. The
@9-methyl-heptadecanoic
acid occurs via alpha-oxidation,
27% via omega-oxidation,and 20% via esterification.Per

concentrations

oflabeled

BMHDA used (0. 10 and 0.75

fusionof heartsandliverswith concentrationsof fl-methyl mM) are 100 to 1000 times greater than the maximal
heptadecanoic acid 100 to 1000 times greater than that concentration reached during clinical imaging. We
used for myocardial imaging does not alter any of the demonstrate that BMHDA is slowly metabolized by a
physiologicaland biochemicalparametersmeasured.In combination of alpha- and omega-oxidation. Further,
the perfusedliver,3-methyl-[1-14CJglutarate
was identified BMHDA does not have any detectable deleterious effect
as the principalhydrosolublecataboliteof fl-methyl-hep on rat heart or liver.
tadecanoicacid.
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oninvasive imaging of the myocardium yields
information on regional blood flow and cardiac metab
olism. Flow markers such as thallium-201 (201Tl)have
been extensively used for detection of obstructive myo
cardial disease (1â€”3).Since fatty acids (FA) contribute
a sizeable fraction of the fuel used by the heart, iodine
123 (1231)and carbon-l 1- (â€˜
â€˜C)labeled FA have also

been used for noninvasive cardiac imaging (4â€”9).Car
bon-l 1 labeling of the carboxyl of a FA can be conven
iently achieved by reacting an alkyl-magnesium bro
mide with â€˜
â€˜CO2
generated in a cyclotron (6â€”12).Be
cause of the rapid metabolism of straight-chain FAs in
the myocardium, radioactivity is released from the heart
within minutes, preventing precise tomography of the
organ. Modified fatty acids (MFA) have been designed
to resist oxidation. fl-Methyl-heptadecanoic acid

(BMHDA)is one of thesecompoundswhosebeta
oxidation is blocked at the level of L-3-hydroxyacyl
CoA dehydrogenase (10â€”12).Preventing beta-oxidation

EXPERIMENTAL PROCEDURES
Materials
Enzymes, coenzymes, and biochemicals were purchased
from Boehringer (Montreal, Canada) and Sigma (St. Louis,

Mo.). RS-BMHDAwas a generous gift from McNeil Phar
maceuticals. Tri-Sil/BSA was obtained from Pierce Chemical.
RS-fl-Methyl-[1-'4C]heptadecanoic acid and [l-'4C]stearic
acid were obtained from New England Nuclear (N. Billerica,

MA). [1-â€˜4C]BMHDA
was purified on preparative C- 18 HPLC
column (MCH-l0, 30 cm x 8 mm, Varian) developed first
with 1% acetic acid in methanol then with CH2C12.Radi
ochemical purity (>99%) was assessed by thin-layer chroma
tography (TLC) on silica plates (Redi-Coat-2D, Supelco) de
veloped with hexane:diethyl

ethecacetic

acid (85: 15: 1). A

stock solution of 40 mM sodium BMHDA was prepared in
15% bovine serum albumin dissolved in saline (13).

Animals

MaleSprague-Dawleyrats (300â€”400
g;CharlesRiver)were
kept in a controlled environment (22Â°Cto 24Â°C)and fed

CharlesRiver rat chow ad libitum. Rats used as liverdonors
were starved for 48 hr before use. All heart donors received
an intraperitoneal injection of2000 U/Kg heparin I hr before
surgery.
Heart Perfusions

Hearts were perfused in the working mode (14â€”16)with
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entific (Kanakee, II), 1.3 mM
5 mM glucose and 5 U/l
of crystalline beef and pork insulin. After 15 mm equilibra
tion, 0.1 mM BMHDA was added, either unlabeled or at a
specific activity of 1.0 Ci/mol.

Liver Perfusions
The surgical procedure and perfusion apparatus were as

describedpreviously(17) except that gas flow was stopped
and the oxygenator sealed, just before labeled BMHDA was
added to the perfusate (18). Livers were perfused with 150 ml

Krebs-Ringer bicarbonate buffer containing 4% dialyzed ho
vine serum albumin (fraction V, fatty acid poor, Miles) and 5
mM glucose. The perfusion medium was maintained at pH
7.40 by an automatic titrator (Radiometer) that dispensed 0.3
N NaOH. After 30 mm equilibration, either 0.1 or 0.75 mM
fl-methyl-[l-'4C]heptadecanoate
(0.60 Ci/mol) was added to

the perfusate. During some experiments, influent and effluent
PO2 were measured with 02 electrodes (Radiometer).

14CO2Quantitation
The liver perfusion apparatus was tightly sealed after addi
tion oflabeled BMHDA. At the end ofthe experiment, volatile

â€˜4CO2
and perfusatebicarbonateweretrapped by adding 1ml
of 10 N NaOH to the perfusate (18). In heart perfusions,
effluent gas from the oxygenator and bicarbonate from the
final perfusate were recovered separately. â€˜4CO2
was evolved
from the continuously gassed oxygenator as described previ
ously (26), except that the trapping solution was 1 N NaOH,
and the counting fluid was Hionic Fluor (Packard).
Determination of 8-methyl Dicarboxylic Acids
Final perfusates from heart and liver were assayed for the
presence of3-methyl-dicarboxylic

acids by (a) anion exchange

chromatography and (b) gas chromatography-mass spectrom
etry (GC-MS).

Ten millilitersof final perfusatefrom a liverperfusedwith
0.75 mM [l-'4C]BMHDA

was used to assay labeled hydroso

luble substrates. After precipitation of proteins with HC1O4
and centrifugation, the supernatant Was neutralized and di
luted fourfold. The solution was loaded onto a column

CombinedHeart and Liver Perfusions
Apparatus of individual systems were combined in parallel
with a shared glass-bulb oxygenator and perfusion reservoir.

Two animals were used for surgery. The perfused heart was

(1.5 x 20 cm) of AG-l-X8

chloride. After rinsing the column

for 10mm with water,the chromatogramwasdeveloped(3.5
ml/fraction; 1.4 ml/min) with a linear gradient made up of

set up first followed by the liver. Total surgical time for

200 ml H2O + 200 ml 0.04 N HCI. After 49 fractions, the

preparation of heart and liver was less than 30 mm. Modified
Krebs-Ringer buffer (250 ml) described for heart perfusions
was used for combined perfusions.

eluant was sequentially changed to 20 ml of 0.04, 0. 1, 0.5,
and 1.0 N HCI every 15 mm. A l-ml aliquot of each fraction
was counted for radioactivity in ACS.
To identify 3-methyl-dicarboxylic acids, GC-MS analysis
was conducted on (a) extracts from 20 to 40 ml of final heart

Analysisof PerfusateSamples
Triplicate samples of perfusate were taken. One set of
samples was deproteinized with HCIO4 (final concentration
3% v/v). Glucose, lactate, and pyruvate were assayed enzy

matically (19,20) in the neutralized extracts. Another set of
samples was acidified with acetic acid, gassed for 20 mm with
N2 to eliminate â€˜4C02,and counted in ACS (Amersham)

for

non-volatile radioactivity. A third set ofsamples was extracted
by the method of Folch (21) for lipid analysis. This procedure

extracted 99% of the BMHDA from the perfusate. All the
radioactivity found in the organic phase corresponded to
BMHDA (tested by TLC as described below).

Analysisof Tissue Samples
At the end ofexperiments, organs were freeze-clamped and
stored in liquid nitrogen. Frozen tissue was powdered at the
temperature of liquid nitrogen. One aliquot of powder was
used to determine the dry wt/wet wt ratio. A second aliquot
was used to determine concentration of free coenzyme A,
short-chain and long-chain acyl-CoA derivatives (22). A third

aliquot was extracted with 4 volumes of 8% v/v HC1O4 in
40% v/v ethanol. The supernatant was neutralized with
2 N KOH + 0.5 N triethanolamine. The neutralized extract
was used to determine ATP, ADP, AMP, and creatine phos
phate by enzymatic methods (23â€”25).HC1O4precipitate was

extractedfor lipidanalysiswith 19ml/g ofCHCI3:MeOH(2:1)
as described by Folch (21). Five microliters of the Folch

extractwaschromatographedon a TLC plate (LK SD, What

perfusate

deproteinized

with sulfosalicylic

acid, and (b) pools

of four fractions from anion exchange chromatography. All
samples were saturated with NaCl, acidified with HC1 to pH
1, and extracted

four times with diethyl ether (27). After

evaporation of most of the ether, the residue was derivatized
with 0.1 milliliter Tri-Sil/BSA and injected (2 @zl)
into the OC

MS.The injectionport of the GC and the transfer line to the
MS were kept at 250Â°
and 280Â°,
respectively.A fused silica
capillarycolumn (HP-5; 25 m x 0.2 mm) with helium flow
0.7

ml/min

was

used

to

separate

the

extracts from the various preparations.

TMS

derivatives

of

Column temperature,

initially set at 80Â°,increased by 8Â°/mmuntil it reached 250Â°,
and was maintained at this temperature for 2 mm. Electron
impact mass spectra and selected ion monitoring were carried
out at an ionizing energy of 70 eV. Chemical ionization GC
analyses were conducted under similar conditions except that

ammonia gas pressure was 1 to 2 x l0@ torr and electron
energy, 250 V. Areas under GC-MS peaks were determined
by computer integration. Identification and assay of 3-meth
ylglutarate was done by comparison

with external standards

of authentic 3-methylglutarate.
RESULTS
A number ofphysiologic and biochemical parameters

were monitored before and after the addition of 0.1
mM BMHDA to the heart perfusate. These included:

man), which was developed with hexane:diethyl ether:acetic

heart rate, coronary flow, aortic flow, 02 consumption,

acid (85: 15: 1). The different classes of lipids were identified

production

by comparison with the migration of standards. Each band
was scraped and its radioactivity counted in ACS.

ratio (Table 1). In heart tissue, parameters monitored
were: concentration ofATP, ADP, AMP, creatine phos
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oflactate

and pyruvate,

[lactate]/[pyruvate]
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TABLE

[lactatej/[pyruvatej
of Lactate Plus Pyruvate and

Ratiofrom
Heartslactate
PerfusedWorking
pyruvate(mM)
+

::

[lactateJ/[pyruvate@
Control
15 mm

30 mm

30

4.9 Â±0.5

0.23 Â±0.03
0.36 Â±0.05

4.8Â±0.4

z
0

+ BMHDA

15 mm

0.22
Â±0.09

5.8 Â±1.1

30 mm

0.36 Â±0.02

6.0 Â±1.0

0
I 20

z

B

Ld

C)

z

Resultsare expressedas meanÂ±s.e. (n = 6). Heartswere

0
C-)

90

perfusedwith 0.1 mM of oleatefor control and 0.1 mM of BMHDA.
60

30

phate, free coenzyme A, and short-chain and long-chain
acyl-CoA derivatives (Table 2). None of the perfusate
or tissue parameters showed any change as a result of

0

20

40

BMHDA administration.

80

100

120

liME (mm)

In liver perfusions, addition ofO. 1 mM BMHDA did
not affect 02 consumption. However, addition of 0.75
mM BMHDA

60

led to a transient

(less than 3 mm)

15%

increase in 02 uptake (not shown). In control experi

ments, addition of 1 mM oleate to the perfusate led to
a sustained 40% increase in 02 consumption as reported

FIGURE 1
Uptake of BMHDA in perfused rat hearts and livers. Hearts

(A)andlivers(B)wereperfusedwith buffercontaining5 mM
glucose and 0.1 mM [1-14CJBMHDA.
Concentrationsof
BMHDA(A, S) and of total non-volatileradioactivity(& 0) are
presentedas the meanÂ±s.e. (n = 5).

by others (28).

The concentration profiles of BMHDA and of total
non-volatile radioactivity (expressed as equivalents of
BMHDA) in the perfusate are shown in Figure 1. The

heart takes up BMHDA more slowly than the liver.
Concentration of BMHDA in the heart perfusate falls
by 16 @LM
in 105 mm (panel A) versus 74 @Min 115
mm for the liver (panel B). The integrated uptake of
BMHDA was 16.1 Â±3.9 (s.e., n = 5) nmol/g x mm in
the heart, and 8.0 Â±0.8 (n = 6) nmol/g x mm in the

liver. (The average wet weight of hearts and liver were
1.50 and 11.9 g, respectively.) The profile of the total

radioactivity concentration in perfusate parallels that of
BMHDA concentration.

The difference between the

two curves represents hydrosoluble labeled catabolites
of BMHDA other than â€˜4CO2.
The uptake of BMHDA
and the total radioactivity were similar for combined
perfusions (heart + liver) and liver perfusions

during

the first 30 mm of experiments. Therefore, data from
dual perfusions mainly reflect hepatic uptake and ca
tabolism of BMHDA.
Hearts and livers perfused

with labeled BMHDA

generated â€˜4CO2.
In the heart, â€˜4CO2
production was
0. 13 Â±0.02 nmol/min (n = 6), whereasin the liver it
was 41.8 Â±5.4 nmol/min (n = 6). When expressed as
per gram of tissue, the rates of â€˜4CO2
production were
nearly 44 times greater in the liver than in the heart.
After 2 hr of perfusion, 4.9% of initial 0. 1 mM [1â€˜4C]BMHDAhad been catabolized via alpha- and
omega-oxidation in the heart as compared to 5 1% in

liver (Table 3). The production of â€˜4C02,
representing
alpha-oxidation, amounted to 0.06% and 33% of the

dose of radioactivity in hearts and livers, respectively.
Hydrosoluble radioactivity in the perfusate, represent

TABLE 2
Concentrations of ATP, ADP, AMP, Creatine Phosphate, Free CoA, and Acyl-C0A Derivatives from Perfused Working
Hearts
CreatineShort-chainLong-chainATP

ADP

AMP

phosphate

FreeC0A

acyl-C0Aacyl-C0A

Control

21.7Â±0.7

5.40Â±0.28

1.02Â±0.11

7.2Â±1.2

0.14Â±0.03

0.07Â±0.01

0.23Â±0.04

BMHDA

23.9 Â±1.7

6.00 Â±0.21

0.97Â±0.07

7.0 Â±0.8

0.08 Â±0.02

0.05Â±0.01

0.20Â±0.02

Concentrations
areexpressed
asmicromoles/g
dryweight(meanÂ±s.e.,n = 6).Heartswereperfusedwith0.1mMof oleatefor
control and 0.1 mM of BMHDA.
@

a

=

5 for

control

of

short-chain

acyl-C0A.
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TABLE 3
Distribution of [1-14C]BMHDAin Lipid Pools from

PerfusedLiverand Heart
110 mm

3Liver0
mm

110 mm

Phospholipids 7.8 Â±0.1 4.6 Â±0.3 27.5 Â±1.3 43.0 Â±2.7
Cholesterol
2.6Â±0.2 1.4Â±0.1 0.9Â±0.1 0.2Â±0.1
NEFA
24.5Â±3.6 11.4Â±0.8 13.4Â±1.7 7.7Â±2.2
Diglycendes
6.9 Â±0.5 5.9 Â±0.5 14.9 Â±1.5 9.6 Â±2.5
Triglycerides 58.9 Â±3.1 76.5 Â±1.3 39.4 Â±3.1 16.5 Â±3.1
Esters of
â€”
0.4 Â± 0.1
3.9 Â± 0.5
23.0
Â± 2.3
chol.
Results are expressed as percentages of total radioactivity of
the lipid extract deposited on the TLC (mean Â±se., n = 5). The
30-mm results correspond to combined heart + liver perfusion

with the sameperfusate.Heartsand liverswere perfusedwith
0.1 mM of [1-14C]BMHDA. Lipids were extracted by Folch's
method and isolated by TLC (see Materials and Methods).
. Radioactivity

found

Phospholipids accounted for 27.5 Â±1.3% of BMHDA
stored. However, after 2 hr ofperfusion, the distribution
of BMHDA within hepatic lipid pools changed to 43.0

Heart

30 mm

was also stored mainly as triglycerides (39.4 Â±3. 1%).

in the cholesterol

zone is ascribed

to the

tail of NEFA migration.

ing omega-oxidation, accounts for 4.3 and 17.4% of the
initial radioactivity
added in heart and liver perfusions,

Â±2.7% as phospholipids

and 23.0 Â±2.3% as cholesterol

esters.
Extracts of heart and liver final perfusates were ana
lyzed by GC-MS to identify some of the catabolites of
BMHDA. The gas chromatogram was scanned by mass
spectral comparison for the presence ofTMS derivatives
of 3-methyl-dicarboxylates.
No such compounds were

identified when concentration of BMHDA in perfusate
was 0. 1 mM. In the perfusate of a liver perfused with
0.75 mM BMHDA,

we identified

3-methylglutarate,

TMS ester with a molecular weight of 290 daltons.
Standard di-TMS-3-methylglutarate elutes at 11.5
mm. Its electron impact mass spectrum is shown in
Figure 2A. There is no molecular ion at m/z 290 but
there are peaks at m/z 117, 147, 172, and 275. The
[M- 15]@fragment (m/z 275) is formed by the loss of a
methyl group from one of the TMS radicals. Alpha

cleavageresultsin either the formationof [TMS-COO]'

respectively.
100

During a 2-hr liver perfusion with 0.75 mM [l-'4C]
BMHDA, concentration of BMHDA fell by 0.44 mM.
Hydrosoluble radioactivity accumulated to 0. 1 mM.
â€˜4C02
production was 13 1 nmol/min, representing 14%
of the initial radioactivity added.
Triglycerides represent the main form (76.5 Â±1.3%)
in which BMHDA is stored in perfused hearts (Table
4). A substantial fraction of radioactivity in heart tissue
(1 1.4 Â±0.8%)

@

was found

as nonesterified

147

A

>â€˜
U)
C
a)
4-,
C

a)

50

275

>
.4-,
0
a)

172

fatty acids

117

even after 2 hr of perfusion. Analysis of hepatic tissue
lipids showed that, after 30 mm of perfusion, BMHDA

ii

II I

0
100

150

200

250

300

m/z

TABLE 4
Balance of Radioactivity in Perfusions with [1-14C]

100

147

BMHDA
HeartLiver(n=5)(n=6)

>â€˜
U)

Samples withdrawn during perfusion 13.6 Â±0.4
Final perfusate:
Hydrosoluble
4.3Â±0.5
Organosoluble
72.5 Â±2.6
14C02production
0.06 Â±0.01
Tissue composition:
Hydrosoluble
0.15 Â±0.04
Organosoluble
2.9Â±0.5

Percentageof total radioactivityre
covered

93.6 Â±3.6

15.8 Â±0.6
17.4Â±1.3
17.0 Â±3.5
33.3 Â±1.8
0.20 Â±0.02
12.8Â±1.1
96.1 Â±3.4

C
a)
.4.,
C
a)
>

50
275

0
a)

172

0
100

150

200

250

300

m/z

Data are presentedas percentagesof the total radioactivity FIGURE2
addedat t = 0 to the perfusate(meanÂ±se.). Heartsand livers Mass spectrum of di-TMS-3-methylglutarateunder electron
impact ionization.(A) The spectrum of a standard of 3-meth
were perfused with 0.1 mM of[1-14C]BMHDAduring 110 and 120
ylglutarate. (B) The mass spectrum of a rat liver perfusate
mm,respectively.
extract 11.5 mmafter injectioninto the GC-MS.

1826

TheJournalof NuclearMedicineâ€¢
Vol.31 â€¢
No. 11 â€¢
November1990

(m/z 117) or [M-l l8]@ (m/z 172). The latter results

amounts of other dicarboxylic acids were not formed

from the transfer of a proton to the carboxyl group
during fragmentation. The peak at m/z 147 is charac

in the perfusate.
Figure 4A shows the anion-exchange chromatogram

teristic ofdi-TMS

of water soluble radioactivity in perfusate of a liver

compounds,

and is, thus, not specific

for identification of 3-methylglutarate. To determine 3-

perfused with 0.75 mM [1-'4C]BMHDA.

methylglutarate

radioactive peaks were detected. Based on the mass
spectra (Figs. 2 and 3), the main peak, which elutes

concentrations

using electron impact,

the selected ions monitored are m/z 117, 172, and 275.
Figure 2B shows the corresponding spectrum of 3methylglutarate

in liver perfusate from an experiment
16

using 0.75 mM BMHDA. Concentration of 3-methyl
glutarate, in the final perfusate was 0.04 mM, account
ing for 25% ofthe hydrosoluble radioactivity at the end
of the experiment.

Confirmation of the identification of 3-methyigluta
rate was obtained by ammonia chemical ionization
(Fig. 3A-B). The [M + H]@fragment (m/z 291) corre
sponds to the pseudo-molecular ion. The [M + NH4@
ion (m/z 308) results from the addition ofammonia

z
0

C-)
L&.

8
0

x
0@
0

4

0

291

A

12

Iâ€”

to

the parent molecule. The spectra in Figure 3A
and 3B show minor peaks which are attributed to noise
because of the absence of satellite peaks corresponding
to natural abundance of heavy isotopes. Significant

100

A number of

20

40
FRACTION #

60

80

>â€˜
4-,
U)

C

a)

B

4-,

C
â€”
a)
>
.4-,
0
a)

12

50

308
Iâ€˜

I
200

0
150

C)

8

i
250

300

350

i
0

m/z

x

100

291

B

4
0

>â€˜

J1@@

4.,

U)

C

a)

4.,

C
â€”
a)
>

0

50

20

40

80

80

FRACTION#

308

4-,

0

a)

@
@

0

I.

FIGURE 4
Radio-chromatogramof water soluble catabolites of [1-14C]
BMHDAand[1-14C]stearate
inperfusedratliver.(A)Liverwas

I

perfused

150

200

300m/z
250

350

with

0.75

mM

of

[1-14CIBMHDA.

Identification

of

3-

methyl[1-14Cjglutarate in fractions 31 to 43 was obtained by
GC-MS analysis. Enzymatic and GC-MS assays identified 3hydroxybutyrate, lactate, and acetoacetate in fractions 27 to

FIGURE3
30,27to34,and31to38,respectively.
(B)Liverwasperfused
Massspectrumof di-TMS-3-methylglutarate
underammonia with 1 mM[1-14C]stearate.
Thetwo radioactivepeakswere
chemical ionization. Same standard (A) and rat liver perfusate

identified by enzymatic and GC-MS assays as R-3-hydroxy

extract (B) as in Figure2.

butyrate and acetoacetate.
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between fractions 3 1 and 43, appears to be 3-methyl
[l-'4C]glutarate. The other peaks could not be identi
fled. In a control experiment, a liver was perfused with
1 mM [l-'4C]stearate. Chromatography ofan extract of

the final perfusate shows only two radioactive peaks
(Fig. 4B) corresponding to R-3-hydroxybutyrate

and

acetoacetate (26).
DISCUSSION
Production of â€˜4C02
from [1-'4C]BMHDA is ascribed
to alpha-oxidation

which presumably

yields unlabeled

2-methyl-hexadecanoate. The latter can undergo beta
oxidation to form 1 propionyl-CoA + 7 acetyl-CoA. In
heart and liver, propionyl-CoA is converted to succinyl
CoA, an intermediate of the citric acid cycle. In the
liver, propionyl-CoA is a gluconeogenic intermediate.
Both heart and liver oxidize acetyl-CoA via the citric

S-BMHDA presumably stops at S-3-hydroxy-3-methyl
heptadecanoyl-CoA. R-BMHDA may not undergo de
hydrogenation if long-chain acyl-CoA dehydrogenase
requires that the hydrogen on C-3 be in the 5-configu
ration. The known mechanism oflong-chain acyl-CoA
dehydrogenase (29,30) does not answer this question.
One could wonder whether the 3-methyl-acyl-CoA and!
or the 3-hydroxy-3-methyl-acyl-CoA(s) derived from
RS-BMHDA could act as a coenzyme A trap. This is
not the case since in hearts perfused with 0.1 mM
BMHDA,

there was no accumulation

of long-chain

acyl-CoA derivatives and no significant decrease in free
coenzyme A (Table 2). Therefore, it appears that
metabolism of RS-BMHDA does not affect markedly
mitochondrial free coenzyme A. Alternatively, the pres
ence of a methyl group on C-3 may prevent transpor

tation of BMHDA to the mitochondria via carnitine
acyl transferase, as is the case for fl-methyl-15-p-iodo
acid cycle.
Production of hydrosoluble non-volatile [â€˜4Cjmetab phenyl-pentadecanoate (31).
Most of the radioactivity of [1-'4CJBMHDA is ac
olites from [l-'4C]BMHDA is largely due to omega
counted
for in heart and liver perfusions (94%â€”96%,
oxidation, which presumably yields fl-methyl-[1-'4C]
Table
3).
Thus, one can calculate the distribution of
heptadecanedioate.
The latter could undergo up to 6
beta-oxidation cycles generating 6 acetyl-CoA + one 3methyl-[l-'4C]glutarate.

Incomplete

beta-oxidation

could yield various 3-methyl-[l-'4C]dicarboxylates. Al
ternatively, fl-methyl-[1-'4C]heptadecanedioate could
conceivably undergo alpha-oxidation
to unlabeled 2methyl-hexadecanedioate.
Beta-oxidation of the latter,
from the omega end, would yield various 2-methyl

BMHDA metabolism via alpha-oxidation,

omega-oxi

dation, and esterification to lipids (Table 5). In the
heart, 66% of BMHDA is omega-oxidized and 33% is
esterifled. Alpha-oxidation accounts for less than 1% of
BMHDA metabolism in the heart. In the liver by

contrast, 53% of BMHDA metabolism occurs via al
pha-oxidation.

Omega-oxidation

and esterification

ac

count for 27% and 20% of BMHDA metabolism,
dicarboxylates, down to 2-methyladipate. Beta-oxida
respectively.
tion from the alpha end would yield various straight
Since both the liver and the heart actively take up
chain dicarboxylates down to adipate.
and
metabolize FAs, it is unlikely that one could design
Chromatography of extracts of final liver perfusate
a
labeled
MFA that would image the heart specifically.
(Fig. 4A) showed the presence of a number of â€˜4Ccatabolites of [1-â€˜4C]BMHDA.Since 17.6% of the 15
@imole
dose of[l-'4C]BMHDA was converted to water
soluble â€˜4C-catabolites
(Table 3), the maximal concen
tration of all 3-methyl-dicarboxylates would be 22
nmol/ml and each species would be present at an even
lower concentration. Using GC-MS analysis, we could

Imaging the liver at the same time as the heart is a

identify 3-methylglutarate
only from a 0.75-mM
BMHDA liver perfusion. The concentration of other
acidic metabolites would also be very low and GC-MS
analysis could not identify any of the species.

minor inconvenience if one can achieve a reasonable
residence time of the tracer in the heart. This can be
conveniently obtained by blocking beta-oxidation of
the MFA. Our data show that BMHDA does not have
any detectable deleterious effect on the heart or the
liver, when used at doses up to 1000 times that used for
myocardial imaging (32). Although we have not iden
tified all the catabolites of BMHDA, it is most likely
that these anionic compounds are innocuous at the

The presence of a methyl group on C-3 of BMHDA
blocks beta-oxidation at the level of S-3-hydroxy
acyl-CoA dehydrogenase. Thus, beta-oxidation of

could question whether BMHDA should be used in
patients suffering from Refsum's disease, characterized

concentrations

reached under clinical conditions.

One

TABLE 5
Distribution of [1-14C]BMHDAMetabolism in Perfused Liver and Heart
HeartLiverzmole/1
mm%Alpha-oxidation0.014
6.8Omega-oxidation1
4.7Esterification0.54

Â±0.020.85
.08 Â±0.2765.9

Â±0.1133.1

1828

10

10 mm%@mole/1
Â±0.124.60
Â±16.42.39
Â±6.741

Â±0.5952.8
Â±0.4127.1
.76 Â±0.3420.1

Â±
Â±
Â±3.9
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by a defect in alpha-oxidation

(33). However,

these

patients should have normal omega-oxidation and
should be able to catabolize the minute diagnostic doses
of BMHDA.
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SELF-STUDY TEST

Skeletal Nuclear Medicine
Questionsare takenfromthe NuclearMedicineSelf-StudyProgramI,
publishedby The Societyof NuclearMedicine
DIRECTIONS
The following items consist of a heading followed by lettered options related tothat heading. Selectthe options
that you think are true and those that you think are false. Answers may be found on page 1838.

1. A 55-year-oldwomanconsultedher physician
becauseof back pain. Antero-posteriorand lateral

D. The importanceof bone mineralas a predictor

of fracturevariesbetweenskeletalsites.

E. The â€˜
â€˜fracture
thresholdâ€•
is that bone mineral
level below which bone fracture always occurs.

radiographs ofthe lumbar spine and chest revealed

a vertebralbody compressionfracture at T10and
wedging ofthe Li body. True statements concerning
this patient include which of the following?

A. Osteoporosis
isthemostlikelydiagnosis.
B. Theage ofthecompression
fracturelikelycan
be determined from the spinal radiographs.

C. Further evaluation should include both bone
mineral measurements and iliac crest biopsy.

D. Basedontheradiographic
findings,treatment
with estrogen should be started.
ments include which of the following?

A. Axialskeletalsitesgenerallyare preferable
to
peripheral skeletal sites for clinical

measurementsof bone mineralin patientswith
suspected osteoporosis.

B. Theyreliablydistinguish
osteomalacia
from
osteoporosis.
C. Theyarehelpful
fordetermining
fracture
risk
at

1830

True statements concerning the treatment of osteo
porosis include which of the following?

A. Calcitonin
andcalcium(1500mg/dayorally)will
substantially increase the patient's bone mass.

B. Dietarysupplementation
withcalciumaloneis
inferiorto combinationtherapywith estrogen
and calcium in the treatment of

2. Truestatementsregardingbonemineralmeasure

a specificskeletalsite.

3.

postmenopausal

osteoporosis.

C. Fluoride has proven to be an ineffectiveform of
therapy.
D. The effect
ofestrogen
on bone mass can be
measured equally well in the lumbar spine or in
theradius.
E. A follow-upbone mineralmeasurement3
months after instituting treatment usually is
sufficient to monitor the effectiveness of the
treatment.
(continuedon page 1838)
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