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ABSTRACT

Recentiy 15-p-iodophenyl-betamethyl-pentadecanoic acid (BMPPA) was
proposed fiir myocardial scintigi'aphy, as possible probe of metabolic
processes other than B-oxidation. In 19 patients (CAD/15, St.p. Mi/7; control
4) myocardial scintigraphy was done after i.v. BMPPA (2-4 mCi). Data were

collected (LAO 45°/14; anterior/5) for 100 minutes (min) in the fasted
patients. : '

From heart (H) and liver (L) organ to background (BG) ratios were calculated,
and the elimination (E) behaviour was analyzad from BG (V. cava region)
corrected time activity curves. In 1o patients plasma and urine were
examined.

By CHCly /MeOH extraction of plasma samples (9o min. pi) both in water and
in organic medium soluble catabolitis were found. TLC fr;ctionation showed,
that those were comigrating, compared to standards, with bencoic acid,

BMPPA and triglyzerides. In urine (0-2h pi: 4.1 % dose) hippuric acid found.

The mean t-max of BMPPA was at 15 min in the heart and at 9 min in the liver
(p <.01 ) with H/BG and L/BG ratios i¥ 1.8 and 2.1, resp. The elimination
of BMPPA.was slower from thie heart than from ‘the Tiver- (p <o.01). Tt was” T

" biexponential from the Tiver in alT (X: t/2 I+ 11.4'mins t/2 It 92 miny -
t/2 T uncor.: 38 min); with the size if phase I smaller than that of phase II
(7: I/I1: 0.57). In the heart BMPPA turnover was biexponential in 11 patients
(X: t/2 I: 13.8 min; t/2 II: 187 min; t/2 I uncor.: 65 min; I/Il: 0.34), but
monoexponential in 8 patients (X: t/2: 218 min.).

In 13 diseased regions (MI/7) BMPPA uptake was reduced, and the E behaviour
mostly abnormal as compared to the respective normal region.

We conclude: BMPPA ist a useful agent fo. myocardial scintigraphy. Its longer

retention in the heart compared to unbrached radioiodinated fatty acids may fac111tate

SPECT studies. E behavicur and plasma analysis indicate the metabolic
breakdown of BMPPA. Yet, the complexicity of the supposed mechanism

may impede curve interpretation in terms of spec1f1c metabolic
pathways.
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INTRODUCTION

Several radioiodinated fatty acid analogues have been developped for

myocardial scintigraphy (1-4). In clinical studies with radioiodinated
alipahtic and aromatic fatty acids the uptake pattern and the myocardial
release rate of these compounds was evaluatcd, which was believed to

give some hint on myocardial fatfy acid metabolism (5-9). Yet, while

there ist evidence that these compounds may serve as metabolic substrates,
being subsequently utilized by the myocardium comparable to natural fatty

acids (1o0,11), there is controversy concerning the interpretation of

myacardial turnover rates in terms of specific metabolic pathways (8,11 - 14).
In addition the generation of free iodide in studies with an omego-iodo
branched chain alkyl fatty acid seemed to indicate the occurance of chemical

or enzymatic deiodination, since it was believed that in B-position

methylated fatty acids are not prone to metabolic cleavage (15,16).

However, species specific differences might exist, since the behaviour of

this compound appeared different in rats and dogs (15).

Howaver, iodine binding to aliphatic compounds ist rather unstable, which might
Tacilitate unspecific deiodination of such fatty acids, in contrast
iodine binds strongly to an aromatic molecule. e

C e e e TR

Re:ently, 15-p-iodophenyl-b-methyl-pentadecanoic acid (BMPPA) was proposed
for myocardial scintigraphy, a compound where unspecific deiodination

is unlikely to occur (17). According to previons suggestions, this compound
beeig methylated in the B-position, should serve as indicator of metobolic
processes other than B-oxidation (15,16).In rat experiments BMPPA

exhibited a high myocardial uptake. -

In addition the modification in its molecular structure resulted in a
prolonged myocardial residence time. In heart extracts radioactivy was mainly
found in the trigiyzeride and phosphalipid fraction. In further studies

in hypertensive rats a disparity was seen in the uptake pattern of

a perfusion tracer and this compound being normal and abnormal, respectively
(18). These animal experiments support the clinical application of BMPPA

for wmyocardial scintigraphy.

The aim of the present study was to evaluate the clinical feasibility
-of BMPPA for myocardial scintigraphy in man. We further attempted to

- - .evajuate if BMIPPA ist metabolically degraded by human tissue.
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PATIENTS AND METHODS

19 Patients (Controls, n=4; coronary artery disease (n=15,St.p. Mi, -7)

who - underwent coronary. ang1ography because of ‘chest pa1n ‘were ‘studied.
Myocardial scintigraphy with BMPPA Was. done in the fested pat1ents using
either a LFOV gamma-camera (n=4) or a mobile gamma-camera (n 15), having the
collimator in the LAO 45° (n=14) or in the anterior proaect1on (n=5).

After i.v. injection of 2-5 mCi I-123 BMPPA data were,accumulated.1n a

64 x 64 word matrix for 1oo minutes with a frame rate of ane/minute.

Besides visual interpretation of scintigrams background (v. cava region)
corrected time activity curves of heart (gobal and regional) and liver were
analyzed, which were fitted as appropriate with either a biexponentia1 or a
monoexponential function. Parameters evaluated were: activity peak time
(t-max), target to background ratios, and the elimination half tlme of ‘the
initial (t/2 I) and second (t/2 II) phase in minutes. In addition the
contribution of each phase on the elimination curve was calculated by a
component ratic (counts phase I/counts phase II at t-max).

In add1t1on to sc1ntlgraphy I-123.rad10actiVity was_analyzed:i‘ p}asf- -
(5 minutes p.i. and 90 minutes p.i.) and urine (0-2 hours p.i. ) samples
for the occurance of eventual arising I-123 BMPPA metabolites or degradation
products. Untreated and acidified (HC1, pH= 2) samples (0.5 ml) were
extracted with chloroform / methanol (2:1 v/v; 2.5 ml1) and phases

separated by centrifugation. I-123 Radioactivity in the respective phases
(organic, aqueous, solid phase) was counted in a well - scintil]ation‘pounter.
The organic phase was concentratcd by a stream of nitrogen in a water bath
and subsequently dissolved in chloroform / methanol.

Thereafter its radioactivty distribution was assayed by thin layer chroma-

tography (TLC) using silica gel plates and chloroform / acetic acid (9:1 v/v)
as eluent.
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RESULTS

Following a rapid decrease in I-123 radicactivity in blood, with the lowest
values beetween 15 - 20 minutes after tracer administratioﬁ, there was a
slight increase in 1-123 blood activity.

Due to BMPPA degradation both in water and in organic medium soluble
catabolites were found in plasma samples. Initially most of the activity

was extracted into the organic phase (5 min. p.i.: 76.7 £ 3.9 %), thereafter
decreasing (90 min.: 32.2 + 8.7 %), while activity in the aqueous phase
jncreased (5 min p.i. : 3.6 + 1.9 %; 90 min. p.i. : 40.3 + 8.1 %). Activity in
the aqueous phase resembeld in its behaviour weak acids since in acidified
samples most of the activity was extracted into the organic phase (Table 1).
By TLC fractionation 2 ~ 3 activity peaks were seen, which were comigrating,
as compared to standards, with BMPPA, triolein and bencoic acid (Table 2).

Urinary excretion was somewhat lower as compared to previous findings with
B the unmethylated compound (excretion ¥ dose: 0-2 hours p.i. :4.1 £ 0.9 %
2-16 hours p.1._1o- + 2.2'%). In urine analyzed by TLC, as 1nd1cator of A

BMPPA degradatlon an act1v1ty peak was “found comxgrat1ng ‘with the o- 1odo-hippur]c b
acid standard.

As total extraction of BMPPA in the liver exceeds that that in the heart,
BMPPA degradation products formed in the liver will contribute most of the
I-123 radioactivity found in plasma samples. However, besides the main source
of BMPPA catabolism, these findings hint toward the metabolic usage and
degradation of I-123 BMPPA by human tissue.

Scintigraphic findings appeared comparable to previous findings by using
unbranched radioiodinated fatty acid analogues for myocardial scintigraphy.
However, in contrast to the latter, scintifotos with sufficient quality
could be obtained up to 90 - 120 minutes after tracer injection. The regional
myocardial uptake of I-123 BMPPA was reduced in infarcted regions (6/7).

but also in noninfarcted regions supplied by stencsed vessels (7/25).




Lk i Rt S B

Seite § -

Surprisingly, the metabolic usage of BMPPA appared different for heart and
liver, as indicated by the respective time activity curves. BMPPA uptake and
elimination was-lower and faster from:'the liver than from the heart, B
respectively (Tab]e 3). The-time. activity curve- from: the Tiver: f1tted a’
b1exponent1a1 function, wherewas from the heart it was monoexponent1a. in

8 patients but biexponential in the remaining 11 patients (Table 4)

The regional myocardial turnover was abnormal from all diseased regions-
(from those with a reduced as well as from those with a normal regional
BMPPA uptake) - showing and /or a prolenged initial elimination half time
and a reduced component ratio.

CONCLUSION

Our data show that I-123 BMPPA can be used for myocardial scintigraphy in
man. It; longer myocardial retention as compared to unmethylated radio-
jodinated fTatty acid analogues may facilitate SPECT studies.

__This 3-methyl- branched- chaJn f&tty acxd,1st pronertc metabolic usage-and5'
degradatnon, an ltem-not d1scussed"prev1osTy; The theoret1ca11y requ1red
steps for its degradatxon are more complex than those involved in the
degradation of unbranched fatty acids.

Several pathways for the oxidative degradation of I-123 BMPPA by human
tissue appear possible. It may involve ATP-dependent carboxylation of the 5
methy]group - catalyzed by biotin-, then followed by acetic acid cleavage, the. -
resulting i5-pIPPA-CoA may then undergo B-oxidation, where fina11y~hippuricv-“
acid is formed by condensation of bencoic acid with glycine. As another .
possiblity it may include & - oxidation, followed by prOpionyl-CoA‘cleavage

of the subsequently activated compound, then 8-oxidation of the resulting even
numbered phenylated compound may proceed, where finally phenylaceturic acid
will arise, formed by the condensation of phenylacetic acid and glycine. (19)

Possible the above mentioned complexicity of BMPPA metabolism may be ipffhvourL_
for BMPPA as compared to other radioiodinated straight‘Chain“fatty“acid*aﬁaTOgués
making it more susceptible for recognizing patients with heart d1sease however*

limiting myocardial time activity curve interpretation in terms of: spec1f1c
metabolic pathways




 REFERENCES N e
'1.) POE ND, ROBINSON GD, GRAHAM LS, et al. ‘
J. Nucl. Med. 1976, w7, 1077
2.) MACHULLA MJ, STUCKLIN; KUPFERNAGEL Ch, et al.
J. Nucl. Med. 1978, 19, 298
3. ) MACHULLA MJ MARSMANN M DUTSCHKA K,

4. ) KNAPP FF AMBROSE KR; CALLAHAN AP, et al.
J. Nucl. Med. 1981, 22, 988
5.) FREUNDLIEB CH, HUCK A, VYSKA K, et al.
J. Nucl. Med, 1980, 21, 1043
6.) VAN DER WALL EE, HEIDENDAL GAK, HOLLANDER W, et al.
Eur. J. Nucl. Med. 1981, 6, 391
7.) VAN DER WALL EE, HEIDENDAL GAK, HOLLANDER W, et al.
Eur. J. Nucl. Med. 1981, 6, 383
8.) FEINENDEGEN LE, VYSKA K, FREUNDLIEB Ch, et al.
Eur. J. Nucl. Med. 1981, 6, 191
9.) DUDCZAK R., SCHMOLINER R., KLETTER K, et al.
J. Nucl, Med. Att. Sci, 1983, 27, 267
10.) DUDCZAK R., KLETTER K, FRISCHAUF H, et al.
Eur. J. Nucl. Med. 1984, 9, 81
(11.), RESKE SN, SAUER W, MACHULLA M1, etal =~
0 Muclo Med. 1984, 25,4338 oo oo
© 2. ) KLOSTER G, STUCKLIN, SMITH EF, et al.
Eur. J. Nucl. Med. 1984, 9, 305
13.) COENEN H, HARMANN M, KLOSTER G, et al. .
J. Nucl. Med. 1981, 22, 891
14.) VISSER FC, WESTERA G, EENIGE MJ, et al.
Eur. J. Nucl. Med. 1985, 1o, 118
15.) LIVNI E, ELMALEH DR, LEVY S, et al.
J. Nucl. Med. 1982, 23, 169
16.) OTTO CA, BROWN LE, SCOTT AM.
J. Nucl. Med. 1984, 25, 75
17.) GOODMANN MM, KNAPP FF, ELMALEH DR, et al.
J. Org. Chem. 1984, 49, 2322
18.) YONEKURA Y. BRILL AB, SOM P, et al.
Science 1985, 227, 1494
19.) MAHMLER HR, CORDES EH (eds.)
Biological Biochemistry, Harper & Row, New York London, 1968.




TABLE 1
DISTRIBUTION OF [-123 RADJOACTIV|TY IN PLASMA SAMPLES

. FOLLOWING CHLOROFORM/METHANOL EXTRACTION (Pl = 71 PN & 2)
AFTER 1.V, INJECTION OF [-123 BMIPPA IN 10 PATIENTS,

: | *aqueous .. qmoantc SoLID
PHASE o VI'IH\SE PHASE .
5 MIN 3.6 5 1.9 ,‘,.?; 3.9 19.8 ¢ 4.2
10 MIn 15.7 2 9.5 470 25.4 8 6.6
20mum © | 39,14 5.8 £6.3 21,53 2.8
wum | s ¢ 6.4 2289 28,24 4.5 - ‘
so | 8.9 4 8.8 ' bf; 9.9  27.0 + 1.5 ' .
90 HIN 0.3 880 gf’g 8.7  27.5 & 3.4 ' '
s mn 0.9 4 0.7  63.4 9.9 29.7 ¢ 133 .
] 10 MIN 2.3 8 1.6 'iq.§‘§ 8.8  23.8 & 10.7
20 M | 36400 789 g6.5 1744 6.
0 mn 3.4 4 0.5 ‘ §§.6“5 9.6  16.7 & 9.5 W
' 60 MIn ? 2.9 £ 0.7 3053 6.5 16,5 2 6.3 4
et T eds
90 MIN 2.8 2 0.6  ;!},55;_5.7 15.6 + 5.6 g o
~J




TABLE

TLC ANALYSIS OF 1-123 RADIOACTIV|TY DISTRIBUTION IN
PLASMA SAMPLES AFTER CHLOROFORM ¢ METHANOL EXTRACTION
(PH = 25 ORGANIC PHASE) FOLLOWING. IV, 1-123 BMIPPA,

2

STANDARD X ' RM_VALUES
BHMIPPA 0,704 0.04
I-BENCOIC ACID 0.59°s 0.02
I-HIPPURIC ACID L0191 0.0
TRIOLEIN , 0,85 + 0.04

[ - T
RE VALUES
SAMPLE " SAMPLE
S MIN P.I. 90 HIN P,I1.
£ 0.73 .61 a.77' 0.92
n 0.69 ‘0,70 0.92
n 0.67 0.67 0.84 0.96
" 0.69 0.71  0.87
IH 0.69 ‘9.67  0.89
I3 0.713 0.57 0.7% 0.8
n 0.25 0.60 Q.80 0.91
I 0.74 0.62 0,79 0.85

[7 IS
m
et
ct
m
[=<}




TABLE 3

DISTRIBUTION OF [-123 BMPPA IN HEART AND LIVER IN 19 PATIENTS (X + sD).

HEART LIVER
T-MAX (MINUTES) 14.9 + 3.40 8.30 + 2.30
TARGET / BG RATIO
AT T-HAX 1.8 + 0.30 2.05 + 0.30
TR AT 1.6 ¢ 0.30 ©1.45 ¢+ 0.26
TABLE &

ELIMINATION PARAMETERS OF [-123 BMPPA IN HEART AND LIVER (X #+ 5D).

HEART *  LIVER

MONOEXPONENTIAL TIME N8
com oL L. AOVITY Clve  oop R
ST s oz - TANINGTES) T B ZTELE Y 10705 i

BIEXPONENTIAL TIME
ACTIVITY CURVE N=11 ¥=13
T/2 1 (MINUTES) 13.3 £+ 4.12 11.4 # 4.40
T/2 11 (MINUTES) 187.2 + 59.8 91.5 + 36.8
T/2 1 (MINUTES) 84.0 + 13.0 37.5 = 13.2
C-17 C-1i 0.34 + 0.11 0.57 + 0.35
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TABLE 5

REGIONAL MYOCAROIAL ELIMINATION PARAMETERS AFTER [.V. INJECTION OF [-123 BMPPA IN
A: 6 PATIENTS WITH CORONARY ARTERY DISEASE SHOWING A MONOEXPONENTIAL TIME ACTIVITY CURVE

NORMAL REGION - DISEASED REGION
N=5 ) . N=11
T/2 (MINUTES) 150.5 + 45.6 . 32348 +107.1°

85 417.6 + 352.0°

§ "cCHROuIC” EtSCHEMIC (N=B8): §5 INFARCTED REGION (N=3)

B: 9 PATIENTS WITH CORONARY ARTERY DISEASE SHOWING A BIEXPONENTIAL TIME ACTIVITY cumve

NORMAL REGION DISEASED REGION
{+BEST VESSEL.3 VD) . o
STzl (mnotes) | 153.7 s+ 47.9 160.1 + 64.2 .
2 1’ (MINUTES) 62.4 + 20.7 69.6 = 22.0
C-1/C-11 RaTIQ 0.36 + 0.19 0.28 + 0.1¢~

®* P<0.01 : SIGNIFICANTLY DIFFERENT COMPARED TQ THE RESPECTIVE
NORMAL REGION.




