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Subcellular distribution studies of two aryl branched-chain and one aryl straight-chain iodinated fatty
acids were carried out as part of a continuing effort to determine if such acids are metabolized by
B-oxidation. For the w-iodoaryl fatty acids. a change in subcellular radioactivity location was observed
which was chain-length dependent. Chain lengths of 15 carbons. straight and branched, were largely found
in the nuclear-membrane fraction, whereas a chain length of 8 carbons was largely located in the cytosol.
No unequivocal evidence for metabolic trapping in the mitochondria was observed for w-iodoaryl
branched-chain fatty acids using the centrifugation technique employed in this study.

Introduction

Several research groups have investigated the use of
radiolabelled branched-chain fatty acids as potential
myocardial imaging agents." ™ Studies with #-methyl
and A.f-dimethyl iodoalky! fatty acids served to
confirm that rapid deiodination occurred indepen-
dent of the alkyl structure.”’ Studies using
""'C-f-methylheptadecanoic acid in rats and dogs
showed a prolonged myocardial retention of radio-
activity."¥ Stabilization of the radioiodide label by
incorporation of iodine onto an aryl ring has also
been examined. It was found that w-iodoaryl,
f}-methyl branched-chain fatty acids were also extrac-
ted efficiently by the myocardium and possessed
prolonged retention in the heart.":?

Monoalkylation at the f position of a fatty acid
should vield a fatty acid (1) capable of transport,
barring steric hindrance. into the mitochondria where
f-oxidation occurs. (2) capable of dehydrogenation
folliowed by hydration. the first two steps of
B-oxidation. to yield a f-hydroxy. f-methyl acid. and
(3) incapable of a second dehydrogenation to yield a
B-keto acid. It has been suggested that the
f-hydroxy. ff-methyl ''C-fatty acid. the theoretical
product of dehydrogenation then hydration, is
trapped in the mitochondria and that this metabolic
trapping is responsible for prolonged retention of
radioactivity in the myocardium,**

This prolonged retention for both the "'C-f-methyl
fatty acid and the radioiodinated w-iodoaryl,
B-methyl fatty acids suggests a similarity in biochem-
ical behavior. If metabolic trapping occurs for radio-
iodinated branched-chain acids. one could postulate
an increase in radioactivity in the mitochondria with
time. In order to evaluate this possibility and to
obtain further information useful in interpreting im-
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ages obtained with w-iodoaryl-fi-methyl branched
fatty acids, the distribution of radioactivity in various
cellular fractions at two time intervals was obtained
for two branched-chain acids and, for purposes of
comparison. one straight-chain w-iodoary! acid.

Materials and Methods

Sprague-Dawley female rats weighing 250-350 g
were used. They were given rat chow and water ad
libitum, and kept under conditions of alternating 12-h
periods of light and dark. Rats were sacrificed by
decapitation after ether anesthesia.

Radiolabelled compounds

The radioiodinated fatty acids included in this
study were (1) 15-(p-['*IJiodophenyl)-3-methylpenta-
decanoic acid (15-IPSM), (2) 8-(p-{'**1liodophenyl)-
3-methyloctanoic  acid  (8-IPfM), and (3)
15-(p-{'*Iliodophenyl)pentadecanoic acid (IPPA).
They were prepared as previously described.”

Analysis of the heart

Heart analysis was performed at 5- and 40-min
post injection for IPPA, 15-IPM, and 8-IPfM.
Four rats were killed per each time interval per each
fatty acid. After sacrifice the hearts were promptly
excised. rinsed free of blood in ice-water and cut into
thirds. The thirds were maintained between 0 and
4°'C. removed and counted for | min and immediately
returned to a 0—4"C ice-water bath. The I-min counts
were used as 100°, values for determining total
recovery. All succeeding procedures were performed
at 04 C. The heart thirds were recombined and
homogenized using an isotonic sucrose-phosphate
buffer (pH 7.0 at 0°C). The homogenates were centri-
fuged at 650g for 5min, the supernatant S, was
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Fig. 1. Centrifugation procedure

removed and held between 0 and 4°C. The pellet,
P,, was resuspended using sucrose-phosphate buffer
as above and recentrifuged at 650 g for 5 min. This
washing process was repeated two times. Supernatant
fractions (S;) from the 650g¢ centrifugations were
combined and centrifuged at 20,000 g for 15 min to
yield pellet P, and supernatant S;. Supernatant S,
was removed and centrifuged at 100,000 g for 60 min
yielding supernatant S, which was decanted, and final
pellet, P,. Figure 1 is a diagrammatic summary of the
centrifugation procedure. Each pellet, P,, P, and P,
was treated as a single sample for counting using an
autogamma scintillation counter. S, was divided into
approximate thirds for counting. All values were
corrected for radioactive decay, counting efficiency,
and background.

Results and Discussion

The centrifugation procedure employed for sepa-
ration of various subcellular fractions was slightly
modified from that published by Lighty and
Bertrand® for beef heart. Similar centrifugation pro-
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cedures have been used for isolating mitochondria
and otHer subcellular fractions from rat heart.® The
distribution of radioactivity in the nuclear-
membrane, mitochondrial, microsomal and cytosolic

- fractions at 5 and 40 min for IPPA, 15-IP§M and

8-IPSM is presented in Table 1. Total percent recov-
ery ranged from 82 to 90%,. There are significant
differences in subcellular radioactivity distribution
among these compounds.

The percent of activity in the mitochondria is
higher for IPPA and for its f-methyl analog,
15-IPAM, than for 8-IPSM. Coenen and colleagues
have shown that 15-(p-["*Br]bromophenyl)penta-
decanoic acid, BPPA, is metabolized.” Products of
B-oxidation, p-bromobenzoic acid and
3-(p-bromophenyl)propanoic acid, were isolated
from heart tissue. IPPA is also expected to metabolize
by f-oxidation and some concentration of radio-
activity in the mitochondria is thus expected. The
retention of radioactivity in the nuclear-membrane
fraction for IPPA is expected, based on data from
BPPA which indicates that loss of activity from
phospholipids or polar substrates is slow from 0.5 to

Table |. Subcellular distribution of radioactivity at 5 and 40min for '®IC{H(CH,),,CO,H. '*IC{H,(CH.,),,CH(CH,)CH,CO,H and
1BICH (CH,);CH(CH,)CH,CO,H

Nuclear-

Fraction (5,)*

Time

Compound (min) membrane Mitochondrial Microsomal Cytosolic Recovery
'BEC,H,(CH,),,CO,H 5 58.5+3.7 134 +1.7 83+1.1 199+1.3 90.1+1.0
(IPPA) 40 60.1 1.7 89+16 7.7+08 208+ 1.1 88.0 £3.0
'31C,H(CH,),,CH(CH,)CH,CO,H 5 72.1£0.5 137403 37+02 10.4 +0.2 86.7+1.2
(15-1PM) 40 679+ 0.6 13.6 £ 0.9 35+04 148 +1.2 81.6 +4.2
P[C,H (CH,)CH(CH,)CH,CO,H 5 154+ 1.4 7.6 +0.5 37403 553425 88.0+25
(8-1PEM) 40 394+16 7.5+0.7 32+0.1 50.1 + 1.5 822417

“Data based on four hearts per compound per time interval. All values reported as mean + SE.
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10 min. The IPPA nuclear-membrane fraction should
contain most of the phospholipid/polar substrate
activity observed for BPPA.

The similarity in mitochondrial activity levels for
IPPA and its f-methy! analog at 1 = 5 min suggests
that carnitine-mediated transport into the mito-
chondria is not inhibited by the fi-methyl substituent.
The reduction by half of mitochondrial activity for
the 8 carbon f-methyl fatty acid, 8-IPfM, may
reflect passive diffusion between cytosol and mito-
chondria for shorter chain fatty acids rather than
hindered transport.

The activity level in the mitochondria may be at a
minimum. The technique used in this study, immedi-
ate immersion of dissected heart into saline held at
0—4-C and performance of all subsequent steps at
0-4 C. would not completely prevent metabolism.
The total length of time between dissection and
separation of mitochondria P, from supernatant S,
did not exceed 60 min. Storage of dog heart tissue at
room temperature for 60 min reduced the amount of
cholesteryl esters but had no apparent effect on
triglycerides and phospholipids.® Because of the
short time span and the reduced metabolic rates at
0-4°C the changes in radioactivity location due to
metabolism are expected to be minimal. An accurate
assessment of cellular distribution would require mi-
croautoradiography coupled with electron micros-
copy as described.”

The location of the majority of radioactivity varies
with chain length. For the 15 carbon IPPA, most of
the activity at both 5 and 40 min is associated with
the 650 g nuclear-membrane fraction. This is also true
for the 15 carbon f-methyl analog of IPPA, except
that a higher percentage ( ~ 70 vs ~60°) is associated
with the 650 g fraction. This distribution of radio-
activity is in sharp contrast to that of 8-IPSM for
which 50-55°, of activity at 5 and 40 min is associ-
ated with the cytosolic fraction and only 35-40%, of
activity is associated with the 650 g nuclear-mem-
brane fraction. The similarity of radioactivity distri-
bution between IPPA and its f-methyl analog sug-
gests that the differences observed for the 8 carbon
f-methyl compound are due to the shorter chain
length.

The distribution of radioactivity does not support
trapping of the aryl f-methyl fatty acids in the
mitochondria. The percent of activity associated with
the mitochondrial fraction was experimentally equiv-
alent at both 5§ and 40 min for both 15-IPM and
&-IPAM. If it i1s assumed (1) that most fatty acids
extracted by the myocardium are eventually metabo-
lized by the mitochondria, (2) that transport of the
f-hvdroxy. fi-methyl fatty acid. the presumed metab-
olite. out of the mitochondria does not occur and (3)
that the transport process itself is unaffected by a
metabolic bottleneck within the mitochondria. then
increasing amounts of mitochondrial radioactivity
with increasing time post-injection would be ex-
pected. This was clearly not demonstrated. The data

presented here do not preclude an increase, then a
decrease, in radioactivity between 5 and 40 min with a
fortuitous coincidence of values for both 15-IPfM
and 8-IPSM. Further work at more time intervals
and with acids of high specific activity are necessary.
Because of possible differences in lipophilicity be-
tween aryl and alkyl fatty acids, the alkyl f-methyl
fatty acids may possess a different subcellular distri-
bution and may show evidence for metabolic trap-
ping. The alkyl fi-methyl acids do show a different
time course of radioactivity in the heart. An increase
in radioactivity values at 15 and 60 min relative to
Smin has been reported in rat. The aryl -methyl
acids have constant levels of radioactivity over this
same time frame. Different behavior may therefore be
expected.

It must be noted that the percent values in Table
I for 15-IPSM and 8-IPFM at 5 and 40 min can be
directly compared as both acids have essentially
constant percent dose per organ values in the myo-
cardium from 5 to 40 min."-'" The third acid, IPPA,
has an approximate 55°; decrease in percent dose per
organ values from 5 to 40 min'" and this decrease is
not directly incorporated into the data of Tabie 1.
There should be no effects on the percent distribution
due to differences in specific activity as all fatty acids
used had a specific activity of about 1 mCi/mmol.
Smaller doses of very high specific activity fatty acids
may show differing (lower) mitochondrial relative
concentrations. This is particularly true if steady-
state conditions in terms of transport in and out of
the mitochondria were achieved in the work reported
here.

The finding of the majority of radioactivity for
IPPA and 15-1PSM in the 650 g, nuclear-membrane
fraction suggests that the fatty acids have been
incorporated into phospholipids. This is in agreement
with results published for BPPA. Of 57%, of the
extracted organic activity, 17.1%; consisted of phos-
pholipids or polar substrates and only 2.3°; consisted
of triglycerides.” These findings are directly con-
tradicted by another study using IPPA which showed
that 65% of the IPPA was found in the cardiac
triglycerides."”” As an analysis of the radioactive
compounds was not done in this study, direct com-
parisons with these other studies cannot be done. It
should be further noted that the protocols for all of
these studies were different which may explain the
apparently contradictory results.

In conclusion, there is evidence for chain-length
dependence in the distribution of radioactivity within
the myocardial cell for the w-iodoaryl f-methyl fatty
acids. This 1s in addition to the previously demon-
strated myocardial radioactivity level dependence on
chain length.""” As the alkyl portion of these acids is
reduced from 15 to 8 carbons, the majority of radio-
activity shifts in location from the nuclear-membrane
fraction to the cytosol. The data presented
here together with other reported data’™' suggest
that the arvl f-methyl fatty acids do not appear to be
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substrates for f-oxidation, nor do they appear to
accumulate in the mitochondria by the f-oxidation
process.
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