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SUMMARY 
A series of salicylidene-aminoacid Schiff 

bases was synthesized and labeled with Tc-99m, 
in neutral pH, using stannous ion as reductant. 
Labeling yield was greatly affected by con- 
centration-ratios of the reactants, the opti- 
mum concentration ratio being 18.5 x 1 O-2nuno1 
ligand to 0.4 x 10-2mmol SnC12 per 4 ml formu- 
lation. 

Various substituents on salicylidene-phenyl- 
alanine molecule or the different amino acids 

used for the imine formation did not signifi- 
cantly influence the yield of the labeling which 
usually exceeded 90%. Most of the 99%c-chela- 
tes exhibited high hepatobiliary affinity, when 
injected intravenously in mice. Blood clearan- 
ce as well as hepatic extraction rate varied 
with the chemical structure of the azomethine 
derivatives. Urinary elimination was negligible 
except the hydrophi lic complexes 99%c- salicy- 
lidene-isoleucine , 99%c- ealicylidene-cycloleu- 
cine and 99mTc- salicylidene-alanine which ex- 
creted to the urine as well. 
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INTRODUCTION 

Technetium-99m labeled Schiff bases were first intro- 

duced by Baker et a1(1,2), as potential hepatobiliary agents 

to replace ' 31 I-Rose Bengal . The first derivative 
99mTc-pyridoxylidene-glutamate, was formulated by autoclaving 

pyridoxal, glutamic acid and pertechnetate in alkaline pH. 

The mixture when injected intravenously, was concentrated ra- 

pidly in the liver and excreted via the biliary tree into the 

intestines. 

the development of 99mTc-hepatobiliary agents , and radiophar- 
maceuticals in general. 

ac id  complexes were then developed(3-5) and evaluated in ex- 

perimental animals as possible hepatobiliary agents. The chemi- 

stry of labeling pyridoxylidene-aminates with Tc-99m was also 

investigated(6). 

that reduction of pertechnetate and formation of a Schiff base- 

technetium complex were occuring simultaneously. However, ra- 

diochemical impurities such as reduced-colloidal technetium as 

well as various side-products of transamination reaction which 

may bind technetium were formed,degrading considerably the ima- 

ging quality. The large amounts of radioactivity excreted to 

the urine were assigned to these impurities. 

studied , 

Baker's original work offered a new approach to 

Numerous 99mTc-labeled pyridoxal-amino- 

The proposed reaction mechanism suggested 

The preparation of 99mTc-pyridoxal-aminoacid complexes 

was further improved viafrozen kit formulations using stannous 

chloride as reducing agent of technetium(7). According to this 

preparation method , the 99%c-pyridoxylidene-aminate complex was 

considered to be formed via the intermediates tin pyridoxal and 

tin Schiff-base complexes. 

h Y9mTc-salicylidene-aminate complex, excreted mainly 

via the hepatobiliary system, was later reported(8). It was 

prepared by mixing salicylaldehyde, phenylalanine, stannous 

chloride and 99%~04. The complex formed suggested a 
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99?!c-labeled Schif f base-type compound. 

H. N. Vavouraki, E.  Chwtellis and A. Varvarigou 

Complexes of salicylidene-aminates with various metals 

are already known and determinations of stability constants 

indicated that these imines aregood chelating agents for Cu , 
Fe3+, or CO3+ (9-1 1 ) . 
reported so far, were prepared from non-isolated Schiff bases. 

The imines were formed in situ, using excess of the reactants. 

Knowledge, however, of the chemical characteristics of the 

ligands is essential in the development of 99mTc-radiopharma- 

2+ 

A l l  99mTc- labeled azomethine derivatives 

ceuticals(l2). 

In this study, we investigated the ability of isolated 

salicylidene-aminates to form stable complexes with Tc-99m as 

well as the chemistry of the labeling reaction. Moreover, bio- 

distribution studies of the various 99mTc-azomethine derivati- 

ves were performed in order to examine the in vivo behavior of 

this class of technetium-complexes. 

RESULTS AND DISCUSSION 

The structure of salicylidene-aminates prepared in this 

study, their physical properties as well as elemental analysis 

and 'HNMR data, are presented in Table 1 .  Synthesis of cry- 

stalline azomethine derivatives was achieved by reacting 0.02 

mole of salicylaldehyde with 0 . 0 1  mole of the amino acid in 

ethanol. Preparation of salicylidene-aminates according to 

the literature stoichiometry(l3), 6 : l  salicylaldehyde to amino 

acid, yielded oily recidues, probably due to excess aldehyde. 

Schiff bases listed in Table 1 were labeled with Tc-99m 

by the stannous ion reduction method in neutral pH. Optimiza- 

tion study of the labeling reaction performed in salicylidene- 

phenylalanine (SPh), indicated that the optimal molar ratio 

for quantitative "%c- complex formation,is 46: l  ligand to re- 



Salicylidene-Aminates (Schiff Bases) Labeled with Tc-99m 

ducing agent (18.4 x 10-2mmcdk SPh and 0.4 x 10-2mle SnC12 per 

4mL) 

of ggmTc-SPh while the 

impurities (free pertechnetate or technetium-colloid). Higher 

concentrations of the ligand (37.1 x 10-2mmole) did not alter 

significantly the labeling yield. Concentrations of imine 

below 9.2 x 1 O-’mmole af forded higher amounts of radiochemical 

impurities (20% approximately). Low yields of 99mTc- chelate 

were also obtained when the quantity of stannous chloride was 

decreased. 

mmole of SPh/4mL were used, the percentage of 99?Cc-SPh was found as 

only 45.6% of the total activity. The radiochemical purity was 

also decreased when the concentrations of the imine and stannous 

chloride were subdivided to 9.2 x 1 0-2 and 0.2 x 1 O-’mmok re- 

spectively. In this case, only 

1409 

In these concentrations the labeling method yielded 90% 

rest of activity was identified as 

Thus, when 0.1 x 10-2mmoleof SnC12 to 18.5 x 

72% of 99mTc-SPh was recovered. 

Radiochemical analysis of the labeled azomethine deriva- 

tives revealed that heptavalent technetium was almost completely 

reduced and quantitatively bound by the various ligands,under 

the experimental conditions established. In most compounds 

the percentage of chelated technetium, estimated by both ana- 

lytical methods, exceeded 90% whereas only negligible amounts 

of colloidal technetium were detected. 

aminates moved along with 99%cOito the solvent front (Rf= 

0.7-0.9) when acetone and acetonitrile-water system were used, 

while colloidal technetium stayed at the origin. In NaCl solu- 

tions, lipophilic ”%c complexes remained near the origin (Rf = 

0.0-0.1 ) . 
pounds I-X was found high, ranging from 90 to 96% by ITLC. In 

electrophoresis, the complexes migrated from the origin 1-4 cm, 

the distance varying with the substituent. Substitution in 

these compounds did not affect greatly the labeling yield. Con- 

cerning the derivatives of salicylaldehyde with various amino 

99mTc salicylidene- 

The radiochemical purity of 99%c-chelates of com- 
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acids (compounds XI - XVI) the percentage of complexed techne- 
tium varied from 7 4 . 5  to 98%. In some caseS,lesser amounts of 

impurities were identified by electrophoresis compared to ITLC 

analysis. 

bility in the ITLC method used. Radiochemical data of the la- 

beled Schiff bases were moreover confirmed by biological assay 

in mice 15 and 30 minutes after i.v. administration. Negligi- 

ble amounts of radioactivity were recovered in stomach and 

spleen indicating the absence of free pertechnetate and colloi- 

dal technetium. 

This discrepancy may be attributed to complex insta- 

Distribution data in mice of the various 99mTc-salicy- 

lidene-aminates are illustrated in Figures 1 - 3 .  Group A >re- 

sents 99mTc-complexes substituted in phenylalanine ring, group 

B salicylaldehyde-substituted phenylalanine derivatives while 

group C Includes 99mTc-salicylidene-Schiff 

amino acids.. In figure 1 and 2 the blood clearance and hepatic 

extraction rate of the complexes of groups A, B and C are shown 

comparatively. Each value represents the mean per cent injected 

dose in blood and liver for five animals, plotted against time. 

99mTc-SPh values are included in graph of group B as well as in 

C (Fig. 2 )  for comparison. The data demonstate that the various 

substituents influenced the biodistribution of "%c-labeled imi- 

nes. Halogenated phenylalanine derivatives (group A , Fig. 
were cleared faster from the blood than 

differences were not observed in the rate of blood cL9arsnce ke- 

bases of various 

99mTc-SPh. Remarkable 

tween o-F, m-F and p-F derivatives. Hepatic transit of the comple- 

xes was only delayed in p-~odo-8erivative,where approximately a 4 0 %  

of the dose remained in the liver 2 hrs p.i. Substitution in sa- 

licylaldehyde moiety (group B , Fig. 1 )  gave derivatives which 

cleared from the blood more slowly than simple 99mTc-SPh. 

tic extraction rate of these complexes varied according to the 

Hepa- 
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Flg.1: Comparative biodistribution in mice of WmTc-salicylidene - phenylalamine derivatives. 
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substituent . 
the hepatocytes to the bile faster than SPh while 5-NO, and 4-OCH, 

derivatives were slower. The animal data of ggmTc-~alicylidene- 

aminates of group C, presenting in Fig. 2 (where R various amino 

acids) demonstrate that these compounds have slower blood clearance 

than complexes I-X. 

generally found to be faster than 99mTc-SPh, except 99?l'c- 

salicylidene-trytrophan which cleared slower from the liver at 

the earlier times p. i. 

methionine has a faster extraction rate from liver to intestines. 

H .  N. Vavouraki, E. Chiotellis and A. Varvarigou 

Thus, "%c-5-OCH3 and 4-OH-SPh were extracted from 

Hepatobiliary transit of these derivatives is 

Among these derivatives 99mTc-salicylidene- 

CHsN-CH-R 

(0 

1 

z 

0 

S 

P \  

I 1  I 1 I 
5 6  30 a im 

m 

OD 

~- 7- r 7 s n  30 a L 
Fig. 2 Comparative biodistribution in mice of MTc-salicylidene arninates. 
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Figure 3 illustrates the quantitative excretion patterns of 

Their octanol- the 99%c-chelates, 2 hrs after administration. 

water partition coefficients (P.C.) are reported. 

Radioactivity recovered into the intestines clearly demonstrate 

that hepatobiliary system is the main excretory pathway for 

most of the 99mTc-sa l i cy l idene-a~nates  studied. Low amounts of 

activity were found in the urinary bladder except 

cylidene-isoleucine,cycloleucine and 99mTc-salicylidene alanine 

99mTc-sali- 

5 

5.26 bh5 U 8  b33 

which were concentrated to the urine 33.0, 40.1 and 44.7% 

respectively. 

lowest P.C. values, increased urinary excretion may be attributed 

to hydrophilicity. However, partition coefficients of the labeled 

imines studied cannot be directly correlated to elimination route 

because several structural parameters may also be involved(l4) - 
Thus, "9c salicylidene-tryptophan which showed a comparatively low 

P.C. value exhibited a highly specific hepatobiliary concentration. 

Since these complexes are characterized by the 
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Generally, biodistribution patterns of most of the 99mTc-complexes 

studied indicated a high liver affinity and negligible urinary 

excretion. The elimination via the urinary system is significantly 

lower compared to 99m~Cpyridoxylidene-glutamate or similar com- 

plexes prepared by the autoclaving nethod (1) approximately 46% 

in the urine of mice, 2 hrs p.i.1. 

H. N. Vavouraki, E. ChioteUkandA. Varvarigou 

ggmTc-SPh was moreover formulated via a freeze-dried Kit, using 

the optimum concentration ratio 46~1, ligand to stannous ion. 

Radiochemical purity of the reconstituted Kit, determined by the 

previously noted analytical methods, proved that the lyophilization 

process did not influence the in vitro stability of 99mTc-SPh 

complex. 

were similar to those of 99mTc-~~h instant preparation. 

Biodistribution data of 99mTc-SPh Kit carried out in mice 

In conclusion, isolated salicylidene-aminates consist of a 

class of ligands capable of binding almost quantitatively to the 

reduced Tc-99m. The complexes formed were stable in vitro and 

in vivo. Various substituents on salicylalaldehyde-Schiff bases 

did not significantly influence the yield of the labeling reaction 

which was found to be greatly affected by concentration-ratios of 

the reactants. 

was found to be 18.5  x lO-*mle 

per 4 mL. 

via the hepatobiliary system. Blood clearance as well as hepatic 

extraction rate was influenced by the substitution on salicylidene- 

phenylalanine molecule or by the use of various amino acids, for 

the imine formation. Certain compounds such as ggVc-SPh, 999c-4- 

OHSPh, and 99vc-STry showed interesting biological characteristics 

i.e. fast hepatobiliary transit, low urinary excretion and could 

be considered as possible hepatobiliary radiopharmaceuticals. 

The latter requires confirmation by fxrther evaluation in higher 

animal models. 

Optimum concentration ratio for efficient labeling 

imine to 0 . 4  x mmoleSnC12 

Most of the 99%c-chelates were selectively excreted 
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EXPERIMENTAL 

Melting pohts were determined in capillary tubes using a 

Buchi apparatus and are uncorrected. Elemental analysis were 

performed by the Microanalytical Laboratory of the National 

Hellenic Research Foundation. Nuclear magnetic resonance (NMR) 

spectra were obtained at 80 MHz with a Varian FT-80 A instrument 

or at 100 MHz on a Varian XL-100 A spectrophotometer. Samples 

30-40 mg) were dissolved in DMSO-D6 or CF3COOH and the resonances 

are reported downfield (6,ppm) from the internal tetramethyl- 

siltlrle standard. All pH measurements were carried-out with a 

Metrohm-632 digital pHmeter, at room temperature. 

was counted i n  a Picker-Isotope Calibrator or in a well-type 

NaI (Th) y-counter (ICN-GS 500 model). 

Radioactivity 

M a t e r i a 1 s a n d m e t h o d s.  All chemicals and sol- 

vents were of analytical grade and were used without further 

purification. The various o-hydroxy-benzaldehydes and amino- 

acids were commercialy obtained. 

was eluted from a commercial 99mTc-generator (CIS). 

chloride (grade I) was supplied by Sigma Chen. Co. Instant Thin 

Layer Chromatography (ITLC) tests were performed on silica- 

gel impregnated glass fiber strips (Gelman ITLC, type SG) and 

electrophoresis experiments on Whatman paper No 1 with tris- 

barbital-sodium barbital electrophoresis buffer (Gelman Chem. 

CO.). 

Sodium "%c-pertechnetate 

Stannous 

S y n t h e s i s  o f  s a l i c y l i d e n e - a m i n a t e s :  

A general procedure was used as follows: 

To a solution of 2.44 g (O.?mmole)of salicylaldehyde in 302 m L  

Of ethanol, 0.lmle of the amino acid w a s  added. The mixture. 

was refluxed for 6 hrs, concentrated in vacua and left et room 

temperature to give the grude product. 

imines from EtOH afforded yellowish to yellow productsAnyield 

Recrystalization of the 

20-60%. 
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R a d i o 1 a b e 1 i n 2: The various azomethine derivatives 

were labeled with Tc-99m by the stannous ion reduction method. 

Stannous chloride solution was always freshly prepared in order 

to avoid Sn2+ oxidation. 

Optimization of the labeling procedure was performed on salycyli- 

dene-phenyla1.anine !SPh) . 
and SnC12, ranging from 1.1 to 37.1~10 

respectively, were mixed with 99mTc04, (30-50 VCi) at the ap- 

propriate pH in 4 mL final volume. Aliquots of the various 

reaction mixtures were analysed by ITLC and electrophoresis 

and the percentage of complexed, reduced, and unbound techne- 

tium were calculated. Biodistribution followed the formulations 

in order to evaluate the analytical results. Xolar ratio 46:l 

ligand to reducing agent gave the best labeling yield. Based 

on these data the following labeling procedure of salicylidene- 

aminates was formulated: The Schiff base (18.5~10-~ mole) , was 
W w  in 2 mL of distilled water and 10% NaOH was added drop- 

wise with vigorous magnetic stirring, until complete dissolution 

(pHN-11.0). The pH of the mixture was then adjusted to 6.5-7.0 

with 1 and 0 . 1  N HC1, and 0.1 mL of stannous chloride solution 

(5 mg/mL in 5N HC1) was added with continious stirring. The 

pH was finally adjusted to 7.4 with 1N and 0.111 NaOH. The mixtu- 

re was f i l teredthraqhahl i l l ipore fi ter (0.22 run) in an evacua- 
ted penicilline vial and 30-50 VCi of ?la 99mTc04 solution 

the appropriate volume, were added to the vial, in order to ob- 

tain final solution volume of 4.0 mL. After agitation of the 

mixture for 3 minutes at room temperature, the vial was ready 

for further use. 

H, N. Vavoumki, E. Chwtellis and A. Varvarigou 

Thus, concentrations of the ligan* 

and 0.1-0.41~10-~mnole -2 

in 

Labeling of salycilidene-p-iodo-phenylalanine, 4-methoxy- 

salicylidene-phenylalanine and 5-nitro-salicylidene-phenylala- 

nine was achieved by using 9 ~ 1 0 - ~  mole, due to their high in- 

solubility. 
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R a d i o c h e m i c a 1 a n a 1 y s i s: Percentage of "%c- 

l igand  and radiochemical  impur i t i e s  i n  va r ious  p repa ra t ions  were 

determined by I n s t a n t  Thin Layer Chromatography (ITLC) and el=- 

t rophores i s .  

Four chromatographic systems w e r e  used f o r  ITLC a n a l y t i c a l  

procedure: dry  acetone , a c e t o n i t r i l e - w a t e r  (3  : 1 V/V) , N a C l  0.9% 

and N a C l  2 % .  A drop of each complex s o l u t i o n  w a s  charged on t h e  

chromatographic s t r i p  ( 1 2 ~ 0 . 8  c m )  and developed a t  10 c m .  The 

chromatograms w e r e  c u t  i n t o  sections of  1 c m  and counted i n  a 

w e l l - t y p e  y-counter. The pe rcen t  a c t i v i t y  of  each s e c t i o n  w a s  

c a l c u l a t e d  and t h e  Rf va lues  from a r e a s  wi th  increased  rad io-  

a c t i v i t y  were recovered as fol lows:  The percentage of unbound 

technetium (TI was determined i n  N a C l  s o l u t i o n s .  The sum o f  

t h e  cornplexed and unbound technetium (S) a s  w e l l  as o f  t h e  re- 

duced technetium (99%c0,) were determined i n  acetone o r  ace to-  

n i t r i l e - w a t e r  system. The percentage of  complexed technetium 

was c a l c u l a t e d  by s u b t r a c t i n g  T from S. 

For e l e c t r o p h o r e s i s ,  a t r i s - b a r b i t a l  b u f f e r  pH 8.8 and io- 

n i c  s t r e n g t h  0.06 w a s  used. The electrophorograms w e r e  run f o r  

1.5 h a t  cons t an t  vo l t age  200 V. The s t r i p s  were d r i e d  a t  room 

temperature  and c u t  i n  1 c m  s e c t i o n s .  The Rf va lues  and t h e  

percentage o f  99~c-compounds  were determined as noted i n  chroma- 

tography procedure. 

L i p o p h i 1 i c i t y m e a s u r e m e n t s: P a r t i t i o n  

c o e f f i c i e n t  

n-octanol- isotonic  phosphate b u f f e r  (0.05 M, pH 7 .0 )  system. 

o f  t h e  va r ious  99%c-complexes were determined i n  

I n  a test-tube charged wi th  phosphate b u f f e r  and n-octa- 

no1 (2  mL each) 100 X of t h e  complex s o l u t i o n  was added. After 

vigorous mixing on a Vortex mixer f o r  10  min, t h e  mixture  w a s  

cen t r i fuged  (3000 G, 10 min) so as t o  complete t h e  phase sepra 

tion. 

t i n g  v i a l ,  weighed and c o u n t e d h a y - c o u n t e r .  Special care w a s  

An a l i q u o t  (0.2n1L) of  each phase w a s  p i p e t t e d  i n t o  a coun- 



1416: H. N. Vavouraki, E. Chioielliv and A. Vaarvarigou 

t a k e n  t o  p r e v e n t  t h e  i n t e r c o n t a m i n a t i o n  between each  phase .  

P a r t i t i o n  c o e f f i c i e n t  (KD) o f  e a c h  labeled compound w a s  c a l c u -  

l a t e d  as  f o l l o w s :  

Counts/g o c t a n o l  
Counts/g phosphate  b u f f e r  

K =  

B i o 1 o g i c a 1 

were i n j e c t e d  in t ravenous ly .  th rough t h e  t a i l  v e i n  w i t h  0 .2  mL 

of t h e  9 9 ~ c - c o m p l e x  s o l u t i o n .  I n  order t o  collect  u r i n e ,  t h e  

an imals  were p u t  i n  metabolic cages. Groups o f  f i v e  mice were 

s a c r i f i e d  w i t h  e t h e r - v a p o r s  5 -30 n i n -  1 and 2 hrs a f t e r  t h e  i n -  

j e c t i o n .  U r i n a t i o n  of t h e  a n i m a l s  d u r i n g  d e a t h  w a s  avoided  by 

l i g a t i o n  of  t h e  p e n i s .  The o r g a n s  of i n t e r e s t  ( l i ve r ,  k i d n e y s ,  

e tc . )  and samples o f  b lood  and muscles  were d i s s e c t e d  o u t  and 

counted  i n  a wel l - type  y-counter  i n  comparison t o  a s t a n d a r d .  

The p e r c e n t a g e  of t h e  a d m i n i s t e r e d  dose  i n  t h e  whole organ  or  

t i s s u e  w a s  c a l c u l a t e d  a c c o r d i n g  t o  t h e  f o l l o w i n g  formula: 

s t u d i e s :  Male Swiss w h i t e  miceI2C&2 g ,  

Counts/min of t h e  sample x Organ weight  

Counts/min of 1% S t d  x Sample Weight 
% Dose/organ= 

Blood and s k e l e t a l  muscles  were assumed to  be 7% and 4 3 6  o f  

t h e  body w e i g h t ,  r e s p e c t i v e l y .  
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