
INTRODUCTION
Ra dio phar ma ceu ti cals are the fun da men tal tool of the

di ag no sis of mod ern medi cine. Ac tu ally clini cal prac tice
of nu clear medi cine fo cuses around the use of sys temi -
cally ad min is tered gamma- or positron- emitting ra dio-
pharma ceu ti cals as di ag nos tic tools for im ag ing the hu -
man body and physio logi cal func tions of or gans. Us ing
spe cial cam eras de signed to de tect gamma pho tons leav -
ing the pa tient we can ob serve re gional radio tracer
dis tri bu tion and its ki net ics. On the other hand, ra dio phar -
ma ceu ti cals are used for the treat ment of many ill nesses
[14]. An ex am ple of such utili za tion of ra dio phar ma ceu ti -
cals is bone pain pal lia tion ther apy, which is a cost-effective
sys temic ther apy to re lieve pain in skele tal me tas ta ses [6, 7].

Alz heimer's dis ease (AD), the most com mon form of
de men tia, is a pro gres sive neu ro de gen era tive dis or der of
the brain char ac ter ized by mem ory im pair ment, cog ni tive
de te rio ra tion, and func tional de cline spread ing in a hid den 
way. The pro gres sion of AD is grad ual and sta tis ti cally
pa tient lives 8-10 years af ter the be gin ning of symp toms.
[9] The patho logi cal, dis tinc tive hall marks of AD are

β-am yloid plaques, neu ro fib ril lary tan gles, and re ac tive
glio sis. Fur ther more, among post mor tem brains of pa tients
suf fer ing from AD changes in cer tain neu ro trans mis sion
path ways are ob served. One of the most sig nifi cant neu ro -
trans mit ter al tera tions found in brain of AD pa tients is
a loss of the cho liner gic neu ro trans mis sion; mainly the
lev els of cho line ace tyl trans fe rase (ChAT) and ace tyl cho -
lin es ter ase (AChE) are af fected. [15] There fore, these two 
en zymes have be come im por tant mark ers for the di ag no -
sis of AD.

In the last two dec ades, there has been an in credi ble in -
ter est in the de vel op ment and utili za tion of brain im ag ing
tech niques for early de tec tion, treat ment and pre ven tion
of AD. Im ag ing tech niques have proven to sig nifi cantly
in flu ence the sci en tific study of AD, and what is more,
they are ex pected to play grow ing roles in search of ef fec -
tive AD- modifying thera pies [10]. Es pe cially two
tech niques: posi tron emis sion to mo gra phy (PET) and sin -
gle pho ton emis sion com puted to mo gra phy (SPECT)
which en able in vivo map ping of AChE are clini cally ad -
van ta geous for di ag no sis of AD. Two radio ligand
ap proaches: ra dio la beled sub strates and in hibi tors of
AChE have been ap plied in in vivo stud ies of AChE.

There have been con ducted sev eral stud ies con cern ing
de vel op ment and evalua tion of ra dio la beled AChE in hibi -
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tors for the in vivo map ping of AChE. Among them are:
N-[11C]meth yl tacrine and [11C]phy sostig mine, how ever,
be cause these radio ligands are char ac ter ized by a low se -
lec tiv ity of AChE over BChE and mod er ate bind ing
prop er ties to AChE, have led to non spe cific bind ing in the 
brain re gions [8, 12]. Done pe zil, drug ap proved for the
treat ment of AD with an ex cel lent ef fi cacy, has been also
ra dio la beled with 11C iso tope. Un for tu nately, in vivo
visu ali za tion of AChE by 11C- labeled done pe zil showed
no spe cific bind ing to the en zyme, and as a con se quence
done pe zil does not ap pear to be a good ligand for the visu -
ali za tion of AChE by PET [16].

Re cently sev eral radio ligands show ing a uni form re -
gional dis tri bu tion such as 3-[1-(4- [18F]fluoro ben zyl)
piperidin- 4- yl]-1-(1- methyl- 1H- indol- 3-yl)propan- 1- one, its
3-[18F]fluo ro meth yl ben zyl de riva tive [3], and 6-[11C]me-
thoxy- 3-[2-[1-(phen yl methyl)-4 -piperidinyl] ethyl]-1,2-
 benzisoxazole ([11C]MPPB) [2] have been syn the sized.

The purpose of this study was to radiolabel
6-hydrazino-N-[5-(2,3-dihydro-1H-cyclopenta[b]quinoli
n-9-ylamino)pentyl]nicotinamide (5C-5) with technetium 
(99mTc). Furthermore, in order to estimate the potential of
99mTc-5C-5 as a potential diagnostic marker in AD,
biodistribution study of radioactivity after intravenous
administration to rats was conducted.

MATERIALS AND METHODS
Spec tro pho tomet ric Ex peri ments. The ab sorp tion

spec trum was ob tained by scan ning the sam ple be tween
200 and 350 nm with a Perkin El mer spec tro pho tome ter.
The ex peri ment was started with a so lu tion of pure wa ter
at room tem pera ture. The sta bil ity of com pound 5C-5 was 
as sessed by moni tor ing the vari abil ity of the spec trum at
regu lar in ter vals (15 min) over 4 h. 

Ra dio la bel ing with 99mTc. For ra dio la bel ing with Tc-
 99m 1 mg of the ligand 5C-5 was dis solved in 150 μl of
wa ter and than 30 μl of etha nol was added. Next 100 mg
of tricine and 1.5 ml of tech ne tium elu ate were added to -
gether with 25 μl SnCl2 in etha nol (1mg/ml). Af ter 30
min utes in cu ba tion at room tem pera ture qual ity con trol
was per formed by HPLC analy sis. HPLC analy sis was
per formed on Ag ilent Sys tem 1100 Se ries with UV and
ra dio met ric de tec tion, with Li Chro cart col umn 250-3 Li -
Chro spher 100 RP-18 (5 μm). Flow rate 1ml/min. (Ta ble
1) Qual ity con trol of 99mTc- labeled HYNIC- compounds
with tricine as co ligand on HPLC con firmed pure prod uct, 
with out un bound tech ne tium (pertech ne tate or hy dro -
lyzed form which would ap pear at a short elu tion time)
(Ta ble 1).

Bio dis tri bu tion stud ies in rats
Ani mals. For bio logi cal ex peri ments ra dio la belled

com pound was dis solved in sa line to con cen tra tion of the

ligand 100 μg/ml. An in tra ve nous dose was 20 μg per ani -
mal. For bio dis tri bu tion stud ies, male Wis tar rats
weigh ing 190-260 g were used. The ani mals were fasted
over night be fore the ex peri ment (to empty the bow els) but 
had free ac cess to wa ter. All ani mal ex peri ments were car -
ried out ac cord ing to the Na tional In sti tute of Health
Guide lines for the care and use of labo ra tory ani mals and
the Euro pean Coun cil Di rec tive on 24 No vem ber 1986 for 
Care and Use of Labo ra tory Ani mals (86/609/EEC), and
ap proved by the Lo cal Eth ics Com mit tee of the Fac ulty of
Phar macy, Char les Uni ver sity, Hradec Kra love.

Ta ble 1. Gra di ents for HPLC analy sis
Gradient I: Gradient II :

Mobile phase A: 0.9% NaCl, 
B. CH3CN.
1-25 min 50%B
25-30min 50-100%B
30-35 min 100%B
35-40 min 100-0%B.

Mobile phase A: 0.9% NaCl, 
B. CH3CN.
0-10 min  0% B
10-25 min 0-100% B
25-30 min  100% B30-35 min
100-0 % B.

Bio dis tri bu tion in rats. The agent was ad min is tered to
rats in tra ve nously in a vol ume of 0.2 ml. Dur ing the
course of ex peri ments, the ani mals were placed sin gly in
cages. At vari ous time points af ter in jec tion, the ca rotid
ar tery was ex posed un der ether an es the sia and a blood
sam ple was col lected in glass tubes con tain ing dry hepa -
rin. The rats were sac ri ficed and dis sected. The or gans of
in ter est were weighed and counted for ra dio ac tiv ity in an
auto matic gamma coun ter 1480 Wiz ard 3. The re sults
were ex pressed as mean  stan dard de via tions of mini mally 
four ani mals. 

RESULTS AND DISCUSSION
The im por tant role of cen tral cho liner gic neu ro trans -

mis sion in learn ing and mem ory pro cesses and the
cor re la tion of cho liner gic defi cits with cog ni tive im pair -
ment of pa tients with AD have led to the de vel op ment of
symp to matic cho liner gic thera pies. Ace tyl cho lin es ter ase
in hibi tors (AChEIs) act by in hib it ing the en zyme AChE,
which hy dro lyzes the cho liner gic neu ro trans mit ter, ace -
tyl cho line (ACh). Ap proved for the treat ment of AD
AChE in hibi tors such as tacrine, gal an tamine, ri vas tig -
mine and done pe zil pro vide com para tively lit tle chance of 
pro longed im prove ment of cog ni tive func tions. There -
fore, there is still the re quire ment to search for new
com pounds with an ti cho lin es ter ase ac tiv ity, and many
sci en tific teams pick up a long- standing chal lenge to dis -
cover new com pounds, which would im prove cho liner gic
neu ro trans mis sion. There is also an ur gent need to find
novel di ag nos tic agents which cer tainly have a pro found
im pact on the sci en tific study of AD.

Com pound 5C-5 was de signed for ra dio la bel ing. Its
syn the sis and bio logi cal evalua tion to wards in hi bi tion of
AChE and BChE was de scribed pre vi ously [11]. Struc ture 
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of this com pound is pre sented in Fig ure 1. In ad di tion,
spec tro pho tomet ric ex peri ments were per formed to de ter -
mine its sta bil ity in wa ter (Fig ure 2). Fig ure 3 pres ents
ra dio chro ma tograms of com plexes formed by techne-
tium- 99m with tricine and Hynic. In com pari son with 6-
 hydrazino-N-[5-(2,3- dihydro-1H-c yclopenta[b]qui no lin-
9- ylamino)ethyl]nicoti na mide hy dro chlo ride (com pound
5C-2) ra dio chro ma tograms of com pound ex am ined within
this study 5C-5 (more lipo philic struc ture than 5C-2)
show more forms which cor re sponds proba bly to dif fer ent 
iso mers of HYNIC- Tc- tricine com plex (Fig ure 4) [5].

Ta ble 2 pres ents the tis sue dis tri bu tion of ra dio ac tiv ity
af ter in tra ve nous ad mini stra tion of 99mTc- 5C-5 to rats.
Col lec tively, the agent un der study ex hib ited rela tively
rapid blood ra dio ac tiv ity clear ance. Fur ther more, a large
per cent age of 99mTc- radioactivity was lo cal ized in the

liver, partly also in the kid ney, lung and gas tro in tes ti nal
tract. Ra dio ac tiv ity found in the kid ney and gas tro in tes ti -
nal tract is most likely con nected with elimi na tion of the
par ent com pounds and/or their me tabo lites from the body. 
Un for tu nately, ra dio ac tiv ity con cen tra tions in the brain
were very low; 60 min. af ter the in tra ve nous ad mini stra -
tion of 99mTc- 5C-5 the per cent age of the ini tial dose was
only 0.014. It might be due to hy dro philicity of ra dio la -
belled com pounds (the ef fect of tech ne tium and co- ligands
at tached to the 2,3- dihydro-1H-cy clopenta[b]qui no line
ana logues).

On the other hand, se lec tiv ity of the com pound 5C-5
for AChE, 1200- fold higher than se lec tiv ity of tacrine, is
very prom is ing be cause moi ety of 6- hydrazinenicotinic
acid (HYNIC) is re spon si ble for the bind ing of the radio -
tracer, which is 99mTc (re ported pre vi ously) [1].

AChE in hibi tors ap proved by FDA for the treat ment of
AD and their ana logues were ex am ined as radio ligands
for in vivo map ping of AChE. In case of [11C]done pe zil
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Fig. 1. Structures of compounds which were radiolabeled; within
this study 5C-5 and published previously 5C-2 [11]

Fig. 2. UV spectra of compound 5C-5 in aqueous solution at
different times of incubation (0 to 4 h, measured every 15 min)

Fig. 3. Radiochromatograms of complexes formed by
technetium-99m with tricine and Hynic; a) Compound 5C-5,
b) Compound 5C-5 after 24 h

Fig. 4. Comparison of radiochromatograms of complexes
formed by technetium-99m with tricine and Hynic for
compound 5C-5 and compound 5C-2 [11]



mice bio dis tri bu tion stud ies ex hib ited a high up take of ra -
dio ac tiv ity in the brain (6.34 %ID) and a rapid blood
clear ance. How ever, re gional dis tri bu tion stud ies in rab bit 
did not show any cor re la tion be tween the up take of ra dio -
ac tiv ity and the amount of AChE. There fore, it was
con cluded that de spite good prop er ties in the treat ment of
AD, done pe zil does not seem to be a good ligand for the
visu ali za tion of AChE by PET [16].

Ta ble 2. Dis tri bu tion of ra dio ac tiv ity in se lected or gans and
sys tems of rats af ter in tra ve nous ad mini stra tion of 99mTc- 5C-5

99mTc-5C-5
%Dose/g

 5 min 60 min 120 min 24 h
Organs
Blood 0.680 ± 0.038 0.207 ± 0.022 0.156 ± 0.007 0.062 ± 0.009
Plasma 1.173 ± 0.073 0.338 ± 0.030 0.267 ± 0.012 0.105 ± 0.015
Pancreas 1.105 ± 0.244 0.157 ± 0.039 0.101 ± 0.010 0.083 ± 0.012
Liver 6.084 ± 0.413 3.234 ± 0.384 3.182 ± 0.218 2.224 ± 0.245
Adrenals 0.723 ± 0.113 0.428 ± 0.059 0.372 ± 0.020 0.376 ± 0.024
Kidney 6.863 ± 1.123 3.880 ± 0.790 2.693 ± 0.389 2.071 ± 0.501
Lung 0.978 ± 0.085 0.571 ± 0.136 0.435 ± 0.039 0.328 ± 0.031
Heart 0.472 ± 0.052 0.181 ± 0.025 0.144 ± 0.011 0.098 ± 0.012
Spleen 0.489 ± 0.060 0.362 ± 0.073 0.317 ± 0.009 0.363 ± 0.016
Stomach 1.982 ± 3.031 0.227 ± 0.104 1.673 ± 1.903 0.266 ± 0.297
Intestine 3.340 ± 0.916 10.393 ± 0.336 7.200 ± 0.583 0.201 ± 0.094
Colon 0.131 ± 0.028 0.076 ± 0.023 5.029 ± 2.790 2.999 ± 1.886
Testes 0.067 ± 0.018 0.045 ± 0.003 0.039 ± 0.002 0.037 ± 0.004
Skin 0.312 ± 0.015 0.178 ± 0.013 0.149 ± 0.015 0.120 ± 0.015
Muscle 0.146 ± 0.026 0.060 ± 0.010 0.048 ± 0.001 0.038 ± 0.008
Thyroid 0.507 ± 0.101 0.239 ± 0.008 0.270 ± 0.079 0.141 ± 0.011
Brain 0.031 ± 0.003 0.014 ± 0.001 0.011 ± 0.000 0.006 ± 0.001
Fat 0.391 ± 0.110 0.131 ± 0.013 0.078 ± 0.026 0.075 ± 0.005
Femur 0.271 ± 0.037 0.152 ± 0.024 0.129 ± 0.019 0.108 ± 0.001

1-(4-[18F]fluoro ben zyl)-4-[(5,6- dimethoxy- 1- oxoindan-
 2yl)methyl]-piperidine (4-[18F]FDP), an ana logue of
done pe zil, was evalu ated as an agent for in vivo stud ies of
AChE. [4] It was re ported that the brain up take of the
radio ligand reached 1.6 %ID at 5 min, how ever,
region-to- cerebellum (R/C) up take ra tios were uni form at all 
points simi larly to  [11C]done pe zil, sug gest ing that
4-[18F]FDP may not be a suit able agent for in vivo stud ies
of AChE, de spite its po tent in vi tro bio logi cal ac tiv ity. [4]

Also in case of [11C]meth yl tetra hy droac ridine
([11C]MTHA) its high con cen tra tions in the brain, nev er -
the less, the re gional brain dis tri bu tion of [11C]MTHA
does not par al lel that of in vivo AChE con cen tra tions. [13]

CONCLUSIONS
At the cur rent stage of medi cal knowl edge di ag no sis of

AD is made by clini cal, neu rop sy cho logi cal, and neu roi -
mag ing evalua tions. Rou tine neu roi mag ing evalua tion is
based on non- specific fea tures such as at ro phy, which is a
late fea ture giv ing evi dence of the pro gres sion of AD.
There fore, it is of vi tal im por tance to de velop new ap -
proaches for early and spe cific rec og ni tion of AD. Dur ing
the last 20 years, func tional neu roi mag ing tech niques
such as PET and SPECT have proven to be valu able in the
dif fer en tial di ag no sis of AD.

In our ear lier pa per we pre sented syn the sis and bio logi -
cal evalua tion of 2,3- dihydro-1H-c yclopenta[b]qui no line

de riva tives with hy dra zine nicoti nate (HYNIC) moi ety.
[14] Com pound 5C-5 evalu ated within this study pos -
sesses the frag ment of cy clopenta[b]qui no line which has
the pos si bil ity to in hibit both ace tyl cho lin es terases and
HYNIC moi ety which could be util ized as a co- ligand for
ra dio la bel ing. 

Bio dis tri bu tion stud ies in rats re vealed that com pound
99mTc- 5C-5 ex hib ited com para tively rapid blood ra dio ac -
tiv ity clear ance. 99mTc- radioactivity was mainly lo cal ized
in the liver, and to the lesser ex tent in the kid ney, lung and
gas tro in tes ti nal tract. Un for tu nately, low ra dio ac tiv ity
con cen tra tions in the brain sug gest that this agent does not 
cross the blood- brain bar rier and, there fore, may not be
a suit able agent for di ag no sis of AD. 

How ever, simi larly to [11C]cho line which is an on co -
logic PET ra dio phar ma ceu ti cal util ized with good re sults
in the di ag no sis of lung can cer, co lon can cer, or pros tate
can cer [11], com pound 5C-5 might be fur ther evalu ated
as an ele ment for the de tec tion of can cers in cer tain or gans 
(e.g. liver, kid ney or lungs) or to moni tor the re sponse to
vari ous thera pies. 
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