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Abstract

The synthesis and biodistribution were discribed for ?*™Tc labelled fatty acid, p-

[(N,N’-di-carboxymethyl) aminomethyl carboxyamino}-phenylpentadecanoic acid (CACPPA).
99m T CACPPA was prepared by the reduction of Na?®™TcO4 with stannous chloride in aque-
ous solution at pH 8.5~9.5, the labelling yicld and chemical purity were over 90% determined
by TLC and HPLC. Biodistribution of **™ Tc-CACPPA in mice demonstrated that the highest
myocardial uptake of **"Tc-CACPPA was 18.174+2.67% ID/g. When blood disappearance of
99m T CACPPA was analysed with a biexponential model. an initial half time of 1.11 min and
a late Lalf time of 20.08 min were obtained. **™Tc-CACPPA exhibited high binding to HSA
in vitro, and partition coeflicients were 10.98 and 11.45 at pH7.00 and pH7.40, respectively.
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1 Introduction

Fatty acids comstitute the major cuergy
source of heart tissue through J-oxidation
catabolisin. Radiolabelled fatty acids which dis-
play efficient myocardial uptake and adequate
myocardial retention are attractive candidates
for clinical evaliation of regional discrepancies
in fatty acid metabolism, which occur in is-
chemic heart disease and cardiomyopathies.

p-radioiodinated phenylpentadecanoic acid
(p-IPPA) and phenyl-8-methyl-pentadecanoic
acid (p-BMIPP) have been proved to be poten-
tial myocardial imaging agents for clinical uses
abroad. Since '231is produced from accelerator,
it can not be put into clinical use in China at
the present time. 99™Tc is chosen as a radioiso-
tope used in nuclear medicine due to its ideal
phiysical properties and ready availability from
99Mo-99"T¢ generators. Over the past 15 years,
various rescarchers have explored the feasibil-
ity of incorporating %°™Tc into fatty acid car-
rier moleeules using a variety of ligands. Even
though 99" T¢ complexes were formed, the my-
ocardial profiles of the agents were disappoint-
ing.

Recently we have synthesized the deriva-
tive of phenylpentadecanoic acid, p-[(N,N’-di-
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carboxymmethyl) aminomethyl carboxyainino)-
phenylpentadecanoic acid (CACPPA). De-
tailed synthesis and biodistribution of 99™Tc-
CACPPA are given in this paper.

2 Materials and methods

2.1 Instruments

YANADIMOTO melting point instruinent
(made in Japan), FT-IR spectrometer (made
in USA), PE2400 elemental analyser (made in
USA), Variau Model AM-400 Proton Nuclear
Magnetic Reasonance Spectrometer (made in
USA), Pakard Cobra g-counter (1made in USA).
2.2 Reagents

Phenylpentadecanoic acid (PPA) was pre-
pared by ourselves. Other reagents nsed for syn-
thesis were from Shanghai Chemical Co. and all
werc of reagent grade.

2.3 The preparation of CACPPA

CACPPA was prepared by three-step se-
quences of reaction outlined in Fig.l.

2.3.1 p-nitrophenylpentadecanoic acid (p-
NPPA)

Phenylpentadecanoic acid (PPA, 3.18g,
0.01mol) was added to a mixed acid (50 mil,
H,504:HNO3=1:1.3, V/V). The solution was
stirred under 0°C for 30min

and then
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poured into ice-water. The white crys-
tals were collected by filtration and recrys-
tallized from methyl alcohol to obtain p-
NPPA. mp: 85~87°C; IR(cm™1):1515. 1352(-

NOz), 1704(-CO-), 1600, 1470(-ph); Theo

O-cHyc00H —— NO,«()~(CH)COOH | —e— NH,
(»~NPPA)

(PPA)

Anal(C31H33NO4)Z C, 69.42%), H, 9.()9‘%». N,
3.86%; Found: C, 69.06%; H, 9.51%; N, 3.41%;
HNMR(CDCl3): 4, 7.30 (d, 2H, Ar-H), 8.12
(d, 2H. Ar-H), 1.30 (s, 24H. CH,), 2.57 (t, 2H,
pliCH,), 2.30 (t, 2H, CH,CO).

CH,),,COOH
(p~APPA)

e HOOCCHio\ oy, co-NHAD)(CH,),C00H
(CACPPA)

HOOCCH;”

Fig.1 Preparation scheme of CACPPA

2.3.2 p-amino-phenylpentadecanoic acid
(p-APPA)

To a solution of p-NPPA (3.63 g, 0.01 mol)
i water (1001l) containing a portion of HCI,
iron powder reduced (2g) was added in por-
tions, the solution was maintaimed under reflux-
ing for 41, then filtered, the residue was crys-
tallized from CH30H, producing a pale yellow
crystal (p-APPA), mp:110~112°C; IR (cm™1):
3373, 3250 (-NH;), 1704 (-CO-), 1600, 1430
(-ph); Theo Anal (C;;H33NO,): C, 75.68%,
H. 10.51%, N, 4.20%; Found: C, 75.44%, H,
10.79%, N, 3.88%; 'HNMR(CDCIl3): 6, 6.95
(d. 2H, Ar-H). 6.61 (d, 2H, Ar-H), 4.64 (b. 2H,
NH,), 1.30 (s, 24H, CH;), 2.57 (t, 2H, phCH,),
2.30 (t, 2H, CH,CO).
2.3.3 p-CACPPA

A mixture of nitrilotriacetic acid (2.5 g,
0.013 mol) and acectic anhydride (10ml) in pyri-
dine (50 ml) was kept refluxing for 30 miu, then
p-APPA (1g, 0.003mol) was added. The re-
sulting solution was stirred at 100°C for 2h.
The solvents were removed under vacuuni, and
the residuce was dissolved i a small volume of
water, the pH was adjusted with concentrated
NH3-H,O. After filtration, the filtrate was ad-
Justed with HCI to afford a pale brown crys-
tal (CACPPA). mp: 194~196°C; IR(cimn™!):
3323 ( CONH ), 1690 (-CO--), 1600, 1430 ( -
ph): Theo Anal (C27H42N207): C, 64.03%, H,
8.30%, N. 5.53%: Found: C, 64.11%; H, 8.48%.
N, 5.94%:; 'HNMR (dg-DMSO): §, 10.30 (b, 1H,

COOH), 7.85 (b, 1H, Ar-NH), 7.27 (m, 4H, Ar-
H), 3.50 (s, 6H, -NCH,), 1.30 (s, 24H, CH,),
2.30 (t, 21, CH,CO), 2.57 (t, 2H, phCH,).
2.4 The preparation of **"Tc-CACPPA

To a 10ml vial were added 0.5~1.0ml of
an aqueous solution of CACPPA(1~10mg/1ml)
at pH8.5~9.5, 50~200ug SnCl>-2H, 0 dissolved
in 2541 HC1(0.05 mol /L), and 1~2ml %™ TcOy
cluate. The vial was allowed to stand for
10 min.

2.5 Determination of radiochemical pu-
rity (RCP) and radiolabelling yield
(RLY)

Thin-layer chromatography (TLC): silica
gel plates, with developing systeni of 80%
(V/V) CH3CN. The R; values of ®™TcO,
P9mTeQ,y « 2H,0 and **"Tc-CACPPA arc 1.0,
0.0 and 0.4~0.6, respectively.

High performance liquid chromatogra-
phy (HPLC): C-18 PRP reverse-phase column
(®4mnmix 300 mm) using the cluent 70% CH3OH
at a flow rate of 1.0 ml/min. The retention time
of °"TcO] and 9™ Tc-CACPPA are 1.56 min
and 1.96 min at 20°C, respectively.

2.6 Biodistribution in mice

9mT:. CACPPA (0.21l, 5.5 MBq) was in-
jected through a tail vein into NIH nirice
(18~22g, divided into 6 groups, 5 for eacl).
The mice were killed at regular intervals (1, 5,
10, 20, 30, 60 min} postimjection. The organs of
mterest (blood, heart, liver, spleen, lung, ctc)
were dissccted, weighed, prepared for counting,
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and the uptake in each organ was cxpressed
in fraction of injection dosage of per gram or-
gan (%ID/g). Blood disappearance of *®™Tec-
CACPPA was analysed with a biexponential
mode].
2.7 Determination of partition coefficient
(PC)

To a mixture of phosphate buffer (3g,
0.1 mol/L, pH7.00 and pH7.40) and n-octanol
(3g) was added %°™Tc-CACPPA(RCP>95%,
approximately 500000 cprn), Vortexed each for
3x 1 min. centrifuged for 5 min at approximately
1500 rpm.  Took out 1wl of buffer solution
and 1ml of m-octanol solution, weighed and
counted.
2.8 Determination of binding yield(BY)
with HSA in vitro

99mT. CACPPA (RCP>95%, approxi-
matcly 50000 ¢cpm) was added into 1 ml of HSA
(10%., pHT.40). The solution was incubated at
37°C, trichloride acctic acid (1 mil, 10%) was
added at a regular interval to stop the rcac-
tion. Separated the solution and the precpi-
tate, counted them, respectively.

3 Results and discussions

CACPPA containing the successful func-
tional group of PPA was synthesized with good

yield. The purity of every synthesized product
obtained was characterized.

The 9°™Tc labeling of CACPPA was cas-
ily carried out in the presence of SuCly-2H,0
at room temperature. The RCP and RLY
of 9" Te-CACPPA were over 95% determined
by TLC and HPLC. pH is the most nnpor-
tant factor of successfully labeling. Labeling
at pH8.5~9.5 is required to form the desired
complex witli RCP over 95%. From a chemical
point of view CACPPA is, in fact, msoluble at
low pH(pH<T), thus the preparation becomes
turbid. At high pH(pH>10), labeling yields are
not stable due to the colloids which SnCls-2H. ()
might forin. The results of labeling experiinents
confirm that high RLY and RCP can be ob-
tained with amounts of CACPPA between 0.5
aud 10mg, SuCly-HoO between 0.09~0.21ng,
pH between 8.5 and 9.5. In all conditions men-
tioned above, the comnplex of 2™ Te¢ oceurs al-
most imnediately. Temperature does not obvi-
ously affect radiolabeling in this study.

99mT. CACPPA was stable at room tem-
perature for 24h postpreparation. The parti-
tion coctlicients were 10.98 and 11.45 at pH7.00
and pHT7.40, respectively. Table 1 gives the
binding yield of %" Tc-CACPPA with HSA in

vitro.

Table 1 The binding yiclds of °*™Te¢-CACPPA to HSA in vitro (n=3)

Time/1mun 1 5 10 20 30 60 120
BY 48.95+0.91 52.15+£0.49 69.55£1.49 76.50+0.28 78.50+0.42 77.10+1.69 76.45+1.91
Table 2 Biodistribution of **™Tc-CACPPA in mice (%ID/(g-organ). n=>5)
Organ Tirtte/min
1 5 10 20 30 60
Heart 18.17+2.67 12.65+1.62 8.731+2.68 5.001+0.97 3.43+0.57 1.80+0.13
Liver 11.16+1.16 14.61+2.31 12.68+2.79 11.63+2.03 9.47+1.93 8.70+2.13
Splcen 6.06+£1.40 14.741+2.39 8.72+2.98 8.441+2.01 7.14+£1.93 4.00+0.40
Lang 22.27+8.31 14.53+5.38 10.25+£1.97 6.80+3.00 5.35+1.01 3.36+£0.60
Kidney 22.05+1.56 25.55+£5.97 41.42+7.36 21.42+£2.37 14.05+2.69 11.21+£1.91
Blood 14.56+1.32 712+2.77 5.42+1.76 4.13+1.37 3.63+1.20 2.394:0.67
Heart/Liver 1.63 0.87 0.67 0.43 0.36 0.21
Heart/Lung 0.82 0.87 0.85 0.74 0.64 0.54

The biodistribution data in mice (see Table
2) show that*CACPPA has rapid and substan-
tial uptakes in heart muscle after intravenous
injection. Maxiimal myocardial accumulation of
18.17+2.67%ID/g was achicved, poor retention
was also found in the experiment. The uptake
of M Tc-CACPPA in heart muscle was ouly

8.73+2.68%ID/g 10 min postinjection, it might
be influenced by an altered %" Tce-CACPPA to
albumin binding.[*] All other organs display low
uptake of radioactivity. Major cxcretion or-
gan is kiduey, aud its peak concentration is
41.4247.36%ID/g at 10 min. The elinination
of the radioactivity from1 blood las a biexpo-
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nential pattern. The first T9/5 1s 1.11 min and
the second Ti/5 is 20.08 min, kinetic cquation
is C=13.19cxp(-0.624t) + 7.76exp(-0.0351), ap-
parent volume of distribution (V) 1s 11.78 ml,
clearance (Cl) is 0.407 ml/min. Fig.2 shows a
typical elimnination curve of 2™ Tc¢-CACPPA iu
blood. Rapid clearance from peripheral blood,
decreasing tissue concentration except kidney,
indicated a low background for imaging.

% ID /g blood

1 1 A i
15 30 45 60
Time/min

Fig.2 Blood radioactivity-time curve of
99T .CACPPA in mice

Deutsch et all?l first demonstrated that
cationic complexes of 9™ T¢(I) and ™ T¢(I1I)
arc guite stable. They arc easier to be c¢x-
tracted by myocardium than %™Tc(V) com-
plexes. The 99mTc(I) and 2°™Te(M) com-
plexes also exhibited excellent myocardial up-

take in animal model.>4 It is necessary for
a myocardial imaging agent to own a definite
lipophilicity. The structure of 9" Tc-CACPPA
is the samne as 99™Tc-EHIDA, the prescuce
of [Tc=0J** core in the %™Te¢ complexes is
identificd ! From a chemical point of view,
99mT.CACPPA las two free carboxy groups,
it might be the reason for high water-solubility
of 9°"MT-.CACPPA. So the partition coefficients
(PC) arc much lower than that of IPPA(PC
are over 1000 at pH7.40 and pH7.00), 99" Tc-
CACPPA prescuts a high binding to HSA in

vitro.
4 Conclusion

In summary 2™Tc-CACPPA can be ex-
tracted by myocardium. Even though the rapid
clearance of heart muscle makes it unable to
be a myocardial lmmaging agent, it suggested
the feasibility of incorporating 22 T¢ into PPA
derivatives. In the study of 9™ Tc-labeled fatty
acids, since the 9™Tc-chelating agent occupies
a large fraction, it is important for us to choose
an appropriate chelating agent. A further study
will be carried out.
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