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Synthesis，labelling and animal experim ents of the 

derivative of phenylpentadecan0ic acid(CACPPA) 

w u Chun—Ying，Ji Shu—ReII，Fang Ping，Zhou Xiang， 

Chen Zheng—-Ping and Cao Guo—-Xian 

(State Key Laboratory Nuclea,’Medicine，Jiangsu Institute of Nuclea~’Medicine，Wuzi 214063) 

A bstract The synthesis and biodistribution were discribed for Tc labelled ff1tty acid．p- 

[(N，N 一di．carboxymethy1)aminomethyl carboxyamino]．plIcIly1peIlta(1ccanoic acid(CACPPA)． 
Te—CACPPA was prepared by the reduction of Na TcOd with stannolls chloride in aqlie— 

Ol1．8 solution at pH 8．5—9．5．the labelling yield and chenfical purity were over 90％ determined 

bv TLC and HPLC．Biodistribution of Tc—CACPPA in mice demonstrated that the l5ghest 

myocardial uptake of Tc—CACPPA was 18．17士2．67％ ID／g．When blood disappearance of 

” Tc—CACPPA was analysed with a biexponential mode1．an initi~d half time of 1．1 1 min and 

a late half time of 20．08 nfin were obtained． Tc—CACPPA exhibited high binding to HSA 

in vitro．and partition coemdents were 10．98 and 11．45 at PH7．00 and PH7．40．respcctively． 

Keywords mTc labelling，Fatty ac试／derivativ c1 Animal experiment，Myocardial intaging 
agent 

1 Introduction 

Fatty acids constitute the ma or energy 

source of heart tissue through 臼一oxidation 

catabolism．ILadiolabelled fat ty acids which dis— 

play efficient myocardial uptake and adequate 

myocardial retention are attractive candidates 

for clinical evahlation of regional discrepancies 

in fatty acid nmtabolisln，which occur ill is— 

chemic heart disease and cardiomyopathies． 

z卜radioiodinated phcnylpentadecanoic acid 

(p-IPPA) aIld phenyl— —methyl—pcntadccanoic 

acid(p-BMIPP)have been proved to be poten— 
tial myocardial imaging agents for clinical uses 

abroad．SiIlce 23I is produced from accelerator
． 

it can not be put into clinical use in C：hina at 

the present tilne．99 Tc is chosen as a radioiso- 

tope used iii nuclear medicine due to its ideal 

physical properties and ready availability from 

99Mo一99mTc generators
． Over the past 15 years． 

various researchers have explored the feasibil． 

ity of incorporating 99mTc into fatty acid car— 

rier inolecules using a variety of ligands．Even 

though。。 Tc complexes were formed．the my- 

ocardial profiles of the agents were disappoint— 

ing． 

Recently we l1ave synthesized the deriva- 

rive of phenylI)cntadecanoic acid，p-[(N，N'-di— 

carboxynmthy1)aminomethyl carboxyalnino]一 
phenylpentadecanoic acid (CACPPA)．De— 
tailed synthesis and biodistribution of。。 Tc— 

CACPPA are given in this paper． 

2 M aterials and m ethods 

2．1 Instrum ents 

YANADIM0TO melting point instruumnt 

(made in Japan)，FT—IR spectrometer(Iilade． 
ii1 USA)，PE2400 elemental ailalyser(inade i11 

USA)，varian Model AM一400 Proton Nuclear 

Magnetic ReaSOllan ce Spectrometer f lllade iii 

USA)，Pakar(1 Cobra，y—counter(made iii USA)． 
2．2 Reagents 

Phenylpent 1ecanoic acid f PPA1 was pre— 

pared by ourselves．0ther reagents nsed for syn— 

thesis were from Shanghai Cheinical Co．an(1 all 

were of"reagent grade． 

2．3 The preparation of CACPPA 

CACPPA wa．s prepare(1 by three—step se． 

quences of"reaction outlined in Fig．1． 

2．3．1 p-nitrophenylpentadecanoic acid(P— 
NPPA 、 

PheIlylpcntadecanoic acid (PPA， 3．18 g， 

0．01 tool1 was added to a mixed acid (5()nd， 

H2S04：HNO3=1：1．3，V／V)．The sohltion was 
stirred under 0。C for 30 min and then 
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poured into ice—water． The white crys— 

tals were collected by filtration alld recrys— 

tallized fi'om methyl alcohol to obtain p- 

NPPA．IIlp：85~87。C：IR(cm一 )：1515．1352(一 

NO2)，1704(一CO一)，1600，1470(一p11)； Theo 

V(11．9 

Anal(C21HaaNO4)：C，69．42％，H．9．09％，N， 
3．86％；Found：C，69．06％；H，9,51％；N，3．41％： 

HNMR(CDCla)： ，7．30(d，2H，Ar—H)，8．12 

(d，2H，Ar—H)，1．30(S，24H，CH2)，2．57(t，2H， 
phCH2)，2．30 ft，2H，CH2CO)． 

◎ (cH 4COOH—一 NO2 (CH2)I．COOH一—一 NH心 cH 4COOH 
(PPA) (p--NPPA) —APPA) 

— —  ：0O0OccCCHH／2~．N-cHE-CO．NH— cH I．c00H 
(CACPPA) 

Fig．1 Preparation scheme of CACPPA 

2．3．2 p—am ino—phenylpentadecanoic acid 

( APPA) 

To a solution of p-NPPA (3．63 ，0．01 mo1) 

i11 water(1(J(J Ill1)containing a portion of HC1， 

iroIl powder reduced f 2g)was added i11 por— 

tions，the solution was maintained under reflux— 

illg fol,4 11，then filtered，tile resi(tue was crys— 

tallized froln CHaOH，producing a pale yelh)w 

crystal(p-APPA)，mp：110～112。C：IR (Clll一 )： 

3373，3250(一NH2)，1704(一C0一)，1600，1430 

(一pl1)；Theo Anal(C21Ha5NO2)：C，75．68％， 
H．1(】．51％，N，4．20％：Found： C，75．44％，H， 

1(J．79％，N，3．88％； HNMR，(CDC13)： ，6．95 

(d．2H，Ar—H)．6．61(d，2H，A卜H)，4．64(b．2H， 

NH2)，1．30(s，24H，CH2)，2．57(t，2H，phCH2)， 
2．30(t，2H，CH2CO)． 

2．3．3 p-CACPPA 

A lnixturc of nitrilotriacetic acid f2．5 g． 

(J．(J13 lI101)all(1 acetic anhydride f 10 m1)in pyri． 

dine f 5(J Ill1)WaS kept refluxillg tbr 30 mill，then 

p-APPA f 1 g，0．003 mol1 was added． The rc— 

suiting sohltion was stirrcd at 100。C for 2 l1． 

The solvents were removed under vaclllll~l，and 

the residue was dissolved in a small volume of 

water，the PH was adiusted with concentrated 

NH3·H2O．After filtration，the filtrate was ad— 

usted with HCl to afr0rd a pale brown Cl'yS— 

tal(CACPPA)．IIlp： 194～196。C；IR(cnl一 1： 
3323 (hC()NH )，1690(一CO )，1600，1430 f_ 

I)h)：Theo Anal(C2rH42N2Or)：C，64．03％，H， 
8．30 )，N．5．53 ，：Folind：C．64．1 1％：H，8．48％． 

N，5．94％： HNMR(d6 DMSO)： ，10．30 fb．1H， 

C0()H)，7．85(b，1H，Ar—NH)，7．27 fIn，4H，Ar— 

H)，3．50(s，6H，NCH2)，1．30(s，24H，CH2)， 

2．30(t，2H，CHaco)，2．57(t，2H，phCH2)． 
2．4 The preparation of 99 Tc CACPPA 

0 a 10 inl vial were adde(1 0．5～1．IJ Ill1 0f 

an aqlleOUS solution of CACPPAf1~10mg／ml1 
at pH8．5～9．5，50~200／tg SnC12．2H。O dissolve(1 

i11 25pl HCI(0．05 mol／L)，and 1～2 in1 99 T(：() 
cluate． The vial was allowed to stand for 

】0iIliIi． 

2．5 Determ ination 

rity (RCP) and 

(RLY) 

of radiochem ical pu． 

radi0labelling yield 

Thin—layer chromatography(TLC)：silica 
gel plates， with developing syst,em of 80％ 

(V／V)CH3CN．Tlle毋 yahles of 99 ToO2， 
99 “Tc02．xH。O and 99mTc．CACPPA are 1

．0， 

0．0 and 0．4～(J．6．respectively 

High perforinance liquid chromatogl·a— 

phy(HPLC)：C一18 PItP reverse．phase cohlnlll 

(q*4nmlx300mm)using the cluent 70％ CH3OH 

at a flow rate of 1．0 ml／min．The retention tilne 
of 09 Tc() and 99mTe—CACPPA arc 1

．56 nfin 

and 1．96 min at 20。C．respectively． 

2．6 Biodistribution in m ice 

Tc—CACPPA f0．2ml，5．5 MBq1 W~'kq i11一 

jected through a tail vein into NIH lillet 

(18~22 g，divided into 6 groups，5 for each)． 
The mice were killed at regular intervals f 1．5， 

10，20．30，60 min)postinjection．The orgallS of 

interest(blood，heart，liver，spleen，lung，etc) 
were dissected，weighed，prepared for COUllting

， 
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and the u1)takc in each organ was expressed 

in fraction of injection dosage of per grain or— 

gan f％ID／g)．Blood disappearance of。。 Tc— 
CACPPA was analysed with a biexponential 

mode1． 

2．7 Determination of partition coeffi cient 

(PC) 
To a nlixture of phosphate buffer(3 g 

0．1 IllOl／L，PH7．()()an(1 pH7．401 and 71．octO．1lOl 

f3g)was added 09 Tc—CACPPA(RCP>95‰ 

approxirnatt ly 500000 cpm)，Vortexed each tbr 
3×1 llliI1．centrifuged for 5 min at approxinlately 

150()rpln． T00k out 1 inl of bufief solutioll 

and 1 ml of r1．octanol sohltion．weighed and 

counted． 

2．8 Determination of binding yieldf BY) 
with HSA in vitro 

09ruTc—CACPPA fRCP>95％． approxi— 

matcly 5(100(J cpIll1 was added into 1 nfl of"HSA 

f i0％，pH7．40)．The solution was illCllbatc(1 at 

37。C，trichloride acetic aci(1(1 nll，1【)％)was 

added at a regular interval to stop tile reac— 

tion． St,parate(1 tilt solution and the precipi- 

tate，counted them，respectively． 

3 Results and discussions 

CACPPA containing tile successful fllnc— 

tional group of PPA was synthesized with good 

yield．Tile purity of"every synthesized product 

obtal’ned Was characterized． 

Thl 99“ Tc la1)eling of CACPPA WltS l、； s— 

ily carried out in tile presen(：c of SllCl。．2II．O 

at rOOlll temperaturt． Thc RCP alld R．LY 

of 09I“Tc．CACPPA were over 95％ (1eternlill[~(1 

by TLC and HPLC．pH is tile nlost illll J()r— 

tant fa("tOr of successfully labeling． Labclin~ 

at pH8．5～9．5 is required to ibrm the d,~sil'c,l 

complex with RCP over 95'／0．FrOil1 a chell1i(。al 

point of view CACPPA is．in fact．insohil)le at 

low pH(pH<7)，thus the preparation bcco1]lCs 

turbid．At high pH(pH>10)，labeling yields arc 
not stable due to tile colloids which SllCl。．2H。0 

might foril1．Tlie results of labcling experillmnts 

confii'iil that high RI aIl(1 R，CP tail 1)(、O1)一 

taincd with amounts of CACPPA between 【J．5 

alld 10 ing，SuCl，．H。0 between 0．【)5～(J．2 lIl ， 

PH between 8．5 and 9，5．In all conditions Illt l】一 

tiont(1 a})ovc．the colnplex of"99“ Tc OccUrs Ll— 

most ililnw．diately， mpcratlire does not o1)vi— 

ously aff(：ct radiolabeling ii1 this study． 

09 Tc—CACPPA was stable at roolil teill- 

perature for 24 l1 I)()stpr叩 aration． Tl1e 1)；tl-ti— 

tion COCflicients were l0．98 and 1 1．45 at 1)H7．()() 

and pH7．4(J．respectively． Tabit 1 gives the 

binding yiel(1 of 0 “Tc—CACPPA with HSA i11 

vitro 

Table 1 The binding yields of。 “Tc．CACPPA to HSA in vitro(n=3) 

Hca -t 

Liv,'a 

Spleen 

Lmig 

Kidncy 

Blood 

Hcart／Ljvc 

Heart／Lmig 

18．17士2．67 

11．16士1．16 

6．06士1．40 

22．27士8．31 

22．O5士1．56 

14．56士1．32 

1．63 

O 82 

12．65士1．62 

14 61士2．31 

14．74士2．39 

14．53士5．38 

25．55士5 97 

7．12士2．77 

0．87 

O、87 

8．73士2．68 

12．68士2．79 

8．72士2．O8 

10．25士1 97 

41．42士7．36 

5 42士1．76 

【】_67 

【J．85 

5．O0士【】．97 

11 63士2．O3 

8．44士2．O1 

6．80士3．O0 

21 42士2 37 

4 13士1．37 

0．43 

0．74 

3．43士O．57 

9．47士1．93 

7 14士1．93 

5．35士1．【】1 

14．O5士2 6O 

3．63士1．20 

0．36 

0．64 

1．80士0．13 

8．70士2．13 

4 00士【】40 

3．36士【】．50 

11 21士1 O1 

2．39d：0．67 

0．2l 

O．54 

The bi0distribution data in mice fsee Table 

2 1 show that。CACPPA has rapid and substan— 

tim uptakes iI1 lliart muscle after intravenous 

in 。 l 1
．

iection Maxillia myocardia accumulation of 

18．17士2．67％ID／g was achieved，poor retention 
was also foun(1 in the exi)eriment．The uptake 

0f 09I“Tc—CACPPA in heart Inuscle wa．q only 

8．73+2．68％ID／g i0 min postinjtction．it might 
be inil,lence(1 t)v all alter(：(1 99 “Tc—CACPPA to 

albumin binding．【lJ A11 other orRallS display low 

uptake of radioactivity． M&ior excreti(m Ol·一 

gan is kidney，all(1 its peak concentration is 

41．42士7．36％ID／g at 10 min．The elinlinatiou 

of the radioactivity frO111 bloo(1 llab a t)iex1)(J_ 
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nential partcn1．The first T1／2 is 1．11 mi,l and take in animal mode1．【。，4]It is necessary for 

the secoll(1 ／。iS 20．08 lllin．kinetic equation 

C=1 3．19exp{一0．624t)+7．76exI)(一0．035t)，ap— 
I)arent vohlllie of distribution( 1)iS l1．78 Irll， 

clearance fCf)iS()．407 Illl／rain．Fig．2 shows a 
typica1 elinlination curve of 99 Tc—CACPPA iu 

bloo(1．Rapid clearance frOIIl peripheral blood． 

decreeing tissue c0nceIltrati0n except kidney． 

indicated a low background for imaging． 

0 
0 

＼  

0 
H  

Time／rain 

Fig．2 Blood radioactivity-time curve of 

99m Tc-CACPPA in lnicc 

Deutsch ct al[2J first demonstrated that 

cationic complexes of∞ Tc(I1 and 99 T(：(III1 
are guite stak)le． They are easier to be ex- 

tracted by myocardium than 99 Tc(V、COlll- 

plexes． The 90 Tc(I1 and 00mTc(]lI1 c0In- 
plexes also exhibited excellent myocardial up— 

a myocardial imaging agent to own a definite 

lipophilicity．The structure of 99 T(：一CACPPA 

iS the salne as 99 Tc—EHIDA
． the presen(：l! 

of'fTc=O]0+core in tile 99I 'To complcXt s is 
identified． Froln a chemical point of vicw． 

00 Tc—CACPPA llas two free carboxy groups． 

it might be the reason for high water—sohlbility 

of 9 “Tc—CACPPA．So the partition coethcicnts 

fPC)are inllch lower than tllat of IPPA(PC 
are over l()《J【J at pH7．4【J and PH7．()01．9g T(：一 

CACPPA presents a high binding to HSA iII 

vitrO． 

4 C onclusion 

In SUuLmary Tc—CACPPA can be ex— 

tracted by myocardium．Even though the rapid 

clearance of"lleart muscle makes it unable to 

be a myocardial imaging agent，it suggested 

the fea．sibility of'incorporating 99 Tc int0 PPA 

derivatives．In the study of 9omTc—labeled fittty 

acids．sim：e the。。 Tc—chelating agent occuI)ies 

a large fraction．it iS important for llS to choose 

an appropriate chelating agent．A further study 

will be carried 011t． 
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