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The labeling of cysteine and its derivatives (penicillamine, N-acetylcys
teine, cysteine ethyl ester) with 99Tc(99â€•Tc) was studied as a model for the
radiopharmaceutical preparation of Tc-99m mercaptide complexes. After
the use of Tc04, TcOC152, and TcBr62 as labeling agents for the Tc
oxidation states VII, V, and 1V, respectively, complexes of Tc(V) and Tc(IV)
were prepared and characterized. The biologic behavior of these complexes
was studied in rats. The substitutions in cysteine are responsible for sub
stantial changes of net charge and lipophiicity in the Tc complexes, and
the consequences on the excretion patterns in Wistar rats are discussed.
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Several investigators (1â€”9)have labeled sulfhydryl
containing amino acids, carbonic acids, and hetero
cyclic compounds with Tc-99m as a new approach to
radiopharmaceutical design. Some of these new Tc
mercaptide complexes proved to be suitable scinti
graphic agents. The published labeling procedures,
however, differ in many details and seem to influence
strongly the in vivo behavior of the radiopharmaceu
ticals. This is most obvious in the case of Tc-99m
DMSA (10) and Tc-99m penicillamine preparations.
As recently reported by Yokoyama et al. (11,12),
several different labeling products of penicillamine
can be observed to occur with slight changes in the

labeling conditions.
As a consequence, more insight into the labeling

reactions of Tc mercaptide complexes, and a chemi
cal characterization of them, should be provided.
For a study of the labeling process and the relation
ship of chemical structure to biologic behavior, the
choice of cysteine as ligand molecule seems to be
advantageous because this amino acid is a physio
logic compound and lends itself to substitution at
different positions in the molecule. We have explored
the chemical and biologic behavior of 9oTc(oomTc)
complexes of cysteine, and of ligands that are de
rived from cysteine, by introducing a two-carbon
residue at three different positions within the parent

molecule, thus obtaining N-acetylcysteine, penicilla
mine, and cysteine ethyl ester.

MATERIALS AND METHODS

Cysteine hydrochloride, penicillamine, and N-ace
tylcysteine were commercial products, whereas cys
teine ethyl ester has been synthetized (13).

Pertechnetate. 9omTcO4 in saline solution (5â€”10
mCi/mi) was obtained by elution of commercial gen
erators. Dried or high-activity pertechnetate was pre
pared by methylethylketone (MEK) extraction of
the saline eluate and evaporation of the MEK.
99TcO4 was obtained commercially as a solution
of NH4TcO4. Before starting carrier experiments,
the two pertechnetate analogs were mixed.

TcOC152 . In a chilled vial, 35 @moledried
99@'TcO4/99TcO4 are added to 0.5â€”2ml cold
concentrated HC1. The solution is kept at 4Â°Cunder
nitrogen. The purity is checked by uv spectroscopy
(â€˜k@@at 294 and 228 nm) (14).

TcBr12 Two milliliters of concentrated HBr are
added twice to 35 @moleof mixed pertechnetate,
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with evaporation to dryness after each addition. HBr
(0.5 ml) is then added again and the solution is kept
under nitrogen. The quality control is performed as
in the case of TcOCl52 [Amexat 443, 385, 325, 287
nm (15)].

Labeling experiments. Studies were carried out in
order to define appropriate labeling conditions and
to assess the kinetics of the labeling reactions. At
various pH values, temperatures, and concentrations
of ligands and Tc as specified below, TcO4 was re
duced and chelated under nitrogen, both in the pres
ence and absence of SnCl2.

Preparation of Tc(V) complexes. The preparation
of Tc(V) complexes of cysteine and cysteine de
rivatives is achieved : (a) by reduction of TcO4
with the aid of the thiol compound itself if the kinet
ics of the labeling process permits the use of suitable
conditions; or (b) more directly by reaction of a
reactive Tc(V) species [TcOC152 or Tc(V)-Sn ci
trate] with the ligand.

The Tc(V) cysteine is prepared as follows:
1. A mixture of 35â€”40 @moleO9mTcO4_/99TcO4_

in 0.2 ml saline, and 100 @molecysteine hydrochlo
ride in 0. 1 ml water is kept at 25Â°Cfor 40 mm under
nitrogen (pH@ 1) . The yellow Tc complex is sepa
rated from free pertechnetate (60% TcO4 after
40 mm) on Bio-Gel P-2, exactly as described below
for analytical gel chromatography. The complex is
eluted with 20â€”25ml saline.

2. To the solution of 35 @moleTcOC152 is added
a chilled, freshly prepared solution of 70 @molecys
teine hydrochloride in 1 ml 2 N NaOH. After 1 mm
the complex is purified on Bio-Gel P-2, as described
above.

For spectroscopic studies, Tc(V)-Sn citrate (16)
is used instead of TcOC152 . To 10 @zmoleTcO4 in
10 ml 0.5 M sodium citrate (pH 6.5) are added
10 @@moleSnCl2 -2H2O in 0. 1 N HC1. After verifica
tion of the absence of TcO4 by TLC (cellulose,
methanol-water 85 : 15, Rf Tc(V)-citrate = 0.05 â€”
0.1, Rf TcO4 = 0.7 â€”0.8) sequential amounts of
10 mM cysteine solution are added to aliquots of
this pale blue-green solution of Tc(V) citrate.

A yellow Tc-penicillamine complex was prepared
from TcOC152 and penicillamine by the same pro
cedure, as described for Tc(V) cysteine.

A complex of Tc(V) with cysteine ethyl ester
could not be prepared in a similar way because the
product is decomposed under the conditions used.
A suitable way to prepare a yellow Tc complex is
by the direct reduction of pertechnetate with cysteine
ethyl ester in ethanolic solution. Thus, a solution of
125 @molecysteine ethyl ester in 0.5 ml absolute
ethanol is added to a solution of 37 @tmoleTcO4
in 0.5 ml ethanol. After 30 mm at 25Â°Cthe reaction

is stopped by adding 2 ml of cold 0.9% NaC1 solu
tion and the product is purified on CM-Sephadex
C-25 using stepwise elution with aqueous NaCl solu

tion. The free ligand is removed by 20 ml 0.9%
NaCl, and the yellow complex is then eluted with
20â€”35ml 1.8% NaC1.

Preparation of Tc(IV) complexes. Green or red
Tc-99 complexes of cysteine and cysteine deriva
tives are prepared both by reduction of pertechnetate
with an excess of ligand in neutral or alkaline solu
tion, and by reaction of TcBr62 with the ligand.

To the solution of 35 @moleTcBr62 is added a
solution of 570 @molecysteine hydrochloride, 580

@moleN-acetylcysteine, or 2 mmole penicillamine,
in 1 ml N NaOH. After 1 mm the complexes are
purified on Bio-Gel P-2.

The green Tc complex of cysteine is also prepared
by reaction of pertechnetate with an excess of cys
teine at pH 7.

A red Tc complex of cysteine is obtained when
the solution of 35 @moleTcBr62 is mixed with a
solution of only 70 @@molecysteine hydrochloride in
1 ml 2 N NaOH. After 1 mm the complex is purified
on Bio-Gel P-2.

Polymer. A mixture of 30â€”50 @moleo9mTcO4_/
Â°9TcO4 in 0.2 ml saline and a solution of 100 @@mole
cysteine in 0. 1 ml water is kept at 30â€”40Â°Cfor 2 hr
at pH@ 1. The reaction mixture at this point con
sists of polymer, the yellow complex, pertechnetate,
and reduced hydrolyzed Tc. Bio-Gel P-2 is used to
fractionate the mixture, exactly as described below
for analytical gel chromatography. The polymer frac
tion is eluted with 10â€”13 ml saline solution (Ve
V0: Ve = elution vol; V0 = void vol), the yellow
complex with 20â€”25ml, and pertechnetate with
35â€”45 ml. The radiochemical purity is determined
by TL chromatography on silica gel (solvent water:
R@for polymer = 0.8; solvent MEK: polymer re
mains at the origin).

Analytical methods. Gel chromatography was per
formed on Bio-Gel P-2 (column dimensions: 1 X
26 cm) , both in a conventional manner and with the
GCS technique introduced by Persson et al. (17).
Saline was used as eluant. Experimental details have
been published previously (18) . Labeling yields and
radiochemical purities were studied using thin-layer
chromatography on SILUFOL strips (Czechoslo
vakia) , silica gel, and cellulose strips, with (a) MEK,
(b) water, or (c) methanol-water (90 : 10 or 85 :15),
as solvents. Ultraviolet and visible spectra were reg
istered with a Beckman DK 2 spectrophotometer
(England) . The electrophoretic behavior of the Tc
compounds, in comparison with pertechnetate and
cysteine, was studied using acetate, phosphate or
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TABLE 1. SCHEMATIC REPRESENTATIONOF THE STEPSINVOLVED IN THE LABELING PROCESS
OF CYSTEINE WITH TECHNETIUM

a

d Co@TcOCL@V plex I

b

IV Polymer TcO2

a) in acid, neutrol or alkaline solutionwhen TcO. is reduced whether by cysteineor by stannousions without excessof Sn
b), c) especially in neutral or alkaline solution when reaction a) proceeds
d) in strongHCI solution,Tc:cysratio 2
e) in strong HBr solution, Tc:cys ratio 2
f) in strong HBr solution, Tc:cys ratio > 2

glycine buffers, ionic strength 0. 1, 1000 V, FN 4
paper (GDR), 1 hr.

The water-octanol partition coefficients for the
radioactive compounds, whose purity was verified,
were determined. Aliquot portions of less than 1 ml
of the material being tested were diluted with distilled
water to 5 ml. The solution in each vial was treated
separately with NaOH or HCI to adjust to the de
sired pH within a range of 3â€”9.Mixture of 5 ml of
the pH-adjusted aqueous solutions and 5 ml of
l-octanol were shaken under nitrogen at room tern
perature for 20 mm. After centrifugation, aliquots of

each phase were withdrawn and counted.
Sulfhydryl-determination in the labeling mixture

was performed polarographically at â€”90 rnV vs.
SCE in saline solution, and at â€”450 mV in 0.1
N NaOH.

In vivo distribution study. The in vivo distribution
was determined in male Wistar rats ( 150â€”200 g)

by injecting into the tail vein 0.1â€”0.5ml of the
Â°Â°@Tc(Â°9Tc)compound at a concentration range of
0. 1â€”5mg/kg body weight. At least four rats were

used for each data point. The rats were killed at
times ranging from 5 mm to 3 hr postinjection. The

kidneys, bladder, liver, intestines, heart, spleen,

stomach, and blood (obtained by heart puncture) o.i

were wet-weighted and counted. For the blood clear
ance curve, blood was continuously withdrawn from
the tail vein.

RESULTS

The reaction of cysteine with Tc04 . The label
ing of cysteine with 99TcO4, without reducing
agents like stannous ions, proceeds via a yellow
complex (Complex I ) and a red intermediate corn- FIG. 1. Absorptionspectraof purifiedlabelingproducts:I

aqueous solution of Complex I, I-Sn = Sn-reduced Complex I,
plex (Complex II) to a green complex (Complex II ComplexII, III ComplexIIIand P = polymer.
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cysteine at low concentration yielded increasing
amounts of yellow complex (increasing extinction
at 420 nm) up to a molar Sn/Tc ratio of 1 : 1 (Fig.

2) . Excess stannous chloride up to a molar ratio of
about I : I .5 decreased the extinction. Chromato

graphic data and water-octanol partition coefficients
are listed in Table 2. The electrophoretic migration

of Complex I corresponded to that of a carbonic
acidâ€”i.e. an anionic behavior down to a pH of
approximately 2. In contrast, Complex III proved

to be an amphotenic compound with the amino and
carboxyl groups of the ligand molecule free. Above

the isoelectnic point of about 2.5, additional nega
tive charge due to the chelation of Tc contributes to
the negative net charge.

Chemical characterization of Tc complexes of cys
teine derivatives. Two groups of Tc complexes of
cysteine derivatives were obtained, one group anal
ogous to Tc cysteine Complex I and the other to

Tc-cysteine Complex III.

Yellow Tc-99 complexes of penicillamine and

cysteine ethyl ester belong to the group whose parent

complex is the Tc-cysteine Complex I. At the start,

with pertechnetate in aqueous solution, the labeling
process of cysteine ethyl ester passes the first step

quickly without sufficient steady-state concentration
of the yellow complex. The different kinetics in water

and ethanol permit a preparation of the complex in

ethanolic solution.

Technetium-99m-labeled products of penicilla
mine, cysteine ethyl ester, and N-acetylcysteine could

be obtained analogous to the Tc-cysteine Complex

III. The preparation of a green Tc-N-acetyl-cysteine
complex did sometimes fail, resulting in the forma

tion of polymer.

Some analytical data for the complexes purified

FIG. 2. Titrationof Tc04 in cysteinesolutionwith SnCl2
(cTco4- = 0.23 . â€˜f@@M, ci. = 0.063 M).

III) . The corresponding Sn-free reaction is consid
erably slower than the rapid labeling of cysteine in
the presence of stannous ions. For example, the per
technetate concentration in 0.33 M cysteine (pH
1, 25Â°C,cTC= 0.12 M) decreased in 40 mm only
to 60% , whereas the reduction by Sn(II) ions is
complete within a few minutes. At low concentra
tions of pertechnetate (CL > > cT@= 10Â° â€”10@
mM) , the decrease of Tc04 can be expressed as a
first-order reaction with k = 4.3 - 10@ sec1
(ceysteine= 0.33 M, T = 25Â°C,pH = 1.3). The
decomposition constant of the yellow Tc-cysteine
complex is approximately 5 . 10@ sec1. In acid
solution, Complex I exists as the favored product, but
in neutral or alkaline media the intermediate steps
were quickly passed, so that the green complex
(Complex III) appeared as the predominant labeled
product.

Reduced hydrolyzed Tc and a polymer are formed
as by-products. The former compound moves neither
on Bio-Gel nor on silica-gel layers in water, whereas
the polymer migrates on Bio-Gel P-2 almost with the
void volume (Ve@ V0), and on silica-gel layers in
water with an Rf of 0.8. The polymer remains at the
origin when MEK is used as solvent. The polymer
can therefore easily be distinguished from pertech
netate, the Tc complexes, or reduced hydrolyzed Tc.

The chromatographic analysis of the labeling mix
ture in procedure 1, described above (pH@ 1, cL =
0.33 M, cT@= 0. 12 M), indicated the absence of
by-products within the first 40â€”45mm of reaction.
A decrease of 2.8 mole-SH per mole Tc04 was
found. During the further reaction an increasing
amount of by-products were formed.

Preparation, purification, and chemical character
ization of Tc-cysteine complexes. Complexes I, II,
and III were obtained as schematically indicated in
Table I . The complexes and the polymer were pun
fled on Bio-Gel P-2 columns. The radiochemical
purity was consistently greater than 98 % , as judged
by TL chromatography in the solvent systems de
scribed and by GCS analysis. The free ligand was
not separated from the labeling product.

The absorption spectra of the purified complexes
and the by-products are shown in Fig. 1. For Com
plexes I, II, and III, characteristic absorption max
ima in the visible range of the spectrum were regis
teredat420 nm (c 2100),540 nm (c= 260),
and 620 nm (c 480), respectively. The data in
Fig. 1 indicated that Complex I was destroyed by
stannous chloride added to the purified complex. In
contrast, the other products were stable in the pres
ence of Sn(II ) ions.

Titration of pertechnetate with stannous chloride
solution at pH 1 in the presence of an excess of

1.0
P0.0E

C
C
C@@I

(5
C
0

U
C
4'
â€˜Ca,

0
0.5 1.0

SnITc ratio
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Penicillamine Cysteine et

Tc(V) Tc(lV) Tc(V)hyl

esterN-acetylcysteine

Tc(lV)Tc(lV)

Tc cysteine

Complex I Complex II Complex Ill Polymer TcO@

19â€”23 â€”

0.7
1.3 3.1 7.2
0.9 1.9 43
2.1 0.1 9.8

a,,$ citpH3
In â€”

a.
8

0 V. is the elution volume on Bio-Gel P-2 columns (1 X 26 cm).

t R@valueswereobtainedon Silufol-TL-plateswith (A) methylethylketone,(B)ethanol,(C)water,or (D) methanol-water9:1, as
eluants.

:1:Naturallogarithmof the water-octanolpartitioncoefficients.
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TABLE 2. ANALYTICAL DATA OF PURIFIED LABELING PRODUCTSOF CYSTEINE

V. (ml)'

Rft (A)
(B)

aw*
In â€”

a0

22â€”27
0.9
0.8
3.2
3.5
6.8

28â€”33
0.9
0
6.5
6.9
7.8

25â€”30
0.9
0

7.5
7.1
8.6

11â€”16
0.9
0

5.4
5.9
7.2

35â€”45
0.9

0.8â€”0.9

5.4
6.5

at pH 1
3
7

0 V. is the elution volume on Bio-GeI P-2 columns (1 X 26 cm).

t Rf valueswereobtainedon Silufol-TL-plateswith(A) waterand (B)methanol-water9:1 as eluant.
:1:Naturallogarithmofthewater-octanolpartitioncoefficients.

by gel chromatography are shown in Table 3. The
electrophoretic migration as a function of pH is
shown in Fig. 3. The yellow complex of cysteine ethyl

ester did not migrate, and the yellow complexes of
cysteine and penicillamine behave identically.

In vivo distribution. The labeling products of cys
teine purified by gel chromatography did not cx
hibit important differences in their in vivo distribu
tion in rats. There was no specific accumulation in

a special organ. Blood elimination and cumulative
urinary excretion are compared in Fig. 4. Figure 5

shows the percentages of renal and hepatobiliary

excretion (concentration in kidney and urine in com
parison with concentration in liver, gut, and feces)

of the Tc complexes of cysteine derivatives together

with those of the two parent cysteine complexes

(Complexes I and III) . In Tables 4 and 5 the con
centrations of the complexes in kidney, liver, blood,

urine, and gut are listed.
The color of the urine corresponded with that of

the injected Tc compound. When the urine of rats

given Â°9Tc(99@'Tc)-cysteineComplex I was reinjected
into the animals, similar distribution and excretion

patterns were observed. Urinary samples also cx
hibited Rf values similar to those of the injected
compounds when tested by TLC on silica gel in
methanol-water (85 : 15).

DISCUSSION

The chemical properties of the transition element
technetium suggest the ability of Tc to be coordi
nated at different oxidation states, whereby corn
plexes with different compositions and configurations
may be formed at defined oxidation levels. As shown
in Table 1, different Tc complexes occur during the
labeling of cysteine with Tc-99 in addition to a â€œpol
ymerâ€•(Ve@ V0 on Bio-Gel P-2) and reduced hy
drolyzed Tc. Comparative studies on the labeling of
systematically varied mercapto ligands verify the

occurrence of at least two groups of Tc mercaptide
complexes, which may be considered as derived from
the corresponding parent compounds Tc cysteine
Complex I and Tc cysteine Complex III.

In order to ensure valid conditions, Tc-99m was
simulated by carrier Tc-99, though we must realize
that reactions at the carrier-free level may differ

TABLE 3. ANALYTICAL DATA FOR Tc-99 COMPLEXESOF CYSTEINE DERIVATIVES

Ve (ml)'
Rtt (A)

(B)
(C)
(D)

21â€”25
0

18â€”26
0

21â€”27
00

0.7
1.0
0.7
0.3
3.0
4.8

03
03
0.7
09
1.0
4.3

0.5 0.7
1.0
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Tc(IV) CH,-cjH-C0OH

@ @@HNH@

â€”8@ ___________

E

:1
@ â€”4.

@1-2

4-2

FIG.3. ElectrophoreticmigrationdistancesofTccomplexesofcysteine,penicillamine,N-acetylcysteine,andcysteineethylester(ace
tate, phosphate and glycine buffers, ionic strength 0.1; 1000 V, 1 hr).

I

@@TiiEEEJEEET@
CH@-CH-COOH
SH NH2

pH
@â€”.-,, CH@-CH-C0C@

SN NH2

+4

from those of Tc-99 in some respects. This implies
that the results obtained can be compared with re
suits on Tc-99m preparations only with some reser
vations.

Cysteine can fulfill the functions of a reducing
agent and that of the ligand of Tc. Obviously, the
rate of the compiexing reaction seems to be faster

FIG.4. Bloodclearancesandcumula
tive urinary excretion of purified labeling
products in rats [Complex I (- . ), II (+)@
III (-o-), and Tc polymer (-L@-)J

than the rate of reduction, since no ligand-free
Tc(V) compounds are formed. The reduction rate
can be diminished by decreasing the concentration
of cysteine, which offers the possibility of determin
ing the formal oxidation state of Tc in the complex
by Sn(II) titration. Richards et al. (19,20) have
succeeded in establishing the oxidation states V, VI,

4
0

I
I
U

a

I

cumulativs urinary â€¢xcretion

blood elimination

time aft.r injction - misutis
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FIG.5. Excretionof Tc-99complexes
of cysteine, penicillamine, cysteine ethyl
ester, and N-acetylcyateine, in rots (solid
lines renal excretion; dashed lines
hepatobiliary excretion).
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TABLE 4. DISTRIBUTION OF LABELING PRODUCTSOF CYSTEINE IN RATS AT 1 HRPOSTINJECTION@Tc-cysteineOrgan

Complex I (n 5)Complex II (n 4)Complex III (n 5)Polymer (n6)Kidneys

3.4 Â±0.4
Liver' 0.2 Â±0.05
Blood' 0.5 Â± 0.1
Urinet 53.2 Â± 2.5
Gutt 1.7Â±0.203

Â±0.2
0.1
0.1

55.8 Â±2.0
1.0Â±0.10.5

Â±0.1
0.1
0.3

56.2 Â±2.5
0.6Â±0.12.3

Â±0.5
0.1
0.2

65.1Â±2.5
1.2Â±0.2.

In % dosepergramorganor mlblood.
t In % doseperorgan.
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Tr- tV@ Tr(IV)

SI.

80

So

40

20

80

60

40

520
0

.@

@580
a
aso

40

20

80

60

40

20

60 120 60
tims aft.r jn@ction - minutia

and III of some Tc-99 complexes prepared under
defined conditions. The usual oxidation state in most
radiopharmaceuticals seems to be IV. According to

the analytical data we obtained in the Sn(II)-titra
tion experiment, cysteine chelates Tc in the yellow
complex (Complex I) at the formal oxidation state
V. The alternative preparation of the yellow complex
from a Tc(V) species [TcOCl52 or Tc(V) citrate]
supports this conclusion. The 99Tc(V)-mercaptide

complexes are stable for weeks, even in the presence
of atmospheric oxygen or in solution with low excess
concentrations of ligand. The decomposition rate of
the yellow Tc-cysteine complex in cysteine solution
at pH@ 1 is approximately one-tenth that of its
formation rate. Thus, Complex I appears to be the

predominant labeling product in acid solution under
appropriate conditions. The pertechnetate disappear
ance rate proved to be independent of the pertech

822 THE JOURNAL OF NUCLEAR MEDICINE
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TABLE 5. DISTRIBUTION OF Tc-99 COMPLEXESOF CYSTEINE, N-ACETYLCYSTEINE,PENICILLAMINE,
AND ETHYL ESTERIN RATS AT 2 HR POSTINJECTION

V
IV
V
IV
V
IV
V
IV
V
IV

2.0 Â±0.3
0.5Â±0.1
0.5Â±0.1

0.1
0.2
0.2

70.0 Â±2.8
693 Â±3.0
0.5 Â±0.2
0.6 Â±0.3

0.8 Â±0.2
1.7Â±0.2
2.5 Â±0.2
0.9 Â±0.1

0.1
0.1

34.8 Â±1.2
35.6Â± 1.4
25.9Â±1.1
34.5Â± 1.6

20.4Â±3.1
0.9 Â± 0.1
0.8 Â± 0.3
0.2 Â± 0.1
0.7Â±0.2

0.2
46.6Â± 2.6
39.4 Â±2.1
16.6 Â±0.8
34.8 Â±1.4

1.0 Â± 0.1

0.1 Â±0.05

0.1

70.4Â± 3.0

0.6 Â± 0.2

Liver'

Blood

Urinet

Gutt

S In % dose per gram organ or ml blood.

t In % doseper organ.

netate concentration. This implies that the results
obtained at the carrier level are applicable to the
kinetic behavior of carrier-free Tc-99m systems.

Whereas in acid solution Complex I exists as the
favored product, in neutral or alkaline solutions of
cysteine and Tc04 the reaction proceeds via a red
species (Complex II) to the green Complex III. Like
excess ligand, stannous chloride reduces the Tc(V)
complex to products of Tc(IV) . This can be seen in
Fig. 2. The extinction at 420 nm changes only up to
a molar Sn/Tc ratio of about I :1.5, which corre
sponds to the formal oxidation state IV. The postu
lation of the oxidation state IV is also supported by
the alternative preparation route of the correspond
ing complexes and polymer using TcBr62

The labeling of cysteine and cysteine derivatives
with Tc results in products whose physicochemical
properties differ substantially from those of the free
ligands. There is an unavoidable increase in the
molecular weight and a change of the net charge.

The free parent ligand, cysteine, has a negligible net
charge in the pH range of 3â€”7.Chelation of Tc with
cysteine results in products with anionic behavior at
physiological pH (Fig. 3). The net charge of the
labeling products can be regulated by substitutions
in the ligand: in the case of N-acetylcysteine the
modification causes an increased anionic migration.
Ethylation of cysteine produces a negligible electro
phoretic migration of the Tc(V) complex, and cati
onic behavior of the Tc(IV) complex. Therefore,
the use of suitable metabolic derivatives, instead of
the corresponding unsubstituted metabolites, enables
one to adjust the charge produced by chelation and
to prepare a certain Tc complex with the desired net
charge.

Lipophilicity is another important factor deter
mining the biologic fate of the complexes. For cx

ample, Yokoyama et al. (21 ) assumed the lipophilic
character of the uncharged Tc-mercaptid complex,

Â°Â°@â€˜Tc(Sn)-kethoxal-bis(thiosemicarbazone), to be re
sponsible for its rapid biliary excretion. The lipid
solubility of the Tc-cysteine complexes, as reflected
in the water-octanol partition coefficients, is very
low. Whereas N-acetylation of the ligand does not
increase it, the introduction of two methyl groups in

the ligand molecule (penicillamine) contributes much
to the lipid solubility. Ethylation of the carboxyl
group causes both elimination of the ionic group in
the Tc(V) complex and introduction of a hydro
phobic moiety (Table 3).

Such a directed alteration of the net charge and
lipophilicityâ€”by substitution in the ligand molecule
without loss of the Tc binding affinityâ€”is suggested
as another area of derivative approach to overcome

the problems associated with the labeling of metab
olites or drugs. Promising attempts at alternative

derivatization recently has been started; Eckelman
and Levenson (22) discuss the use of chelates con
taming derivatives in order to produce a high Tc

binding affinity or to avoid undesired alterations of
the in vivo behavior.

Firnau (23) has recently published an interesting
attempt to adapt known pharmacologic rules to the

specific case of hepatobiliary Tc-99m compounds.
However, unless the chemical properties of the Tc
compounds are confirmed, conclusions are difficult to
draw. The systematically altered properties of the
Tc complexes of mercapto compounds are reflected
in their excretion patterns (Fig. 5, Table 5), thus
providing valid information on the interrelationship
of physicochemical properties and excretion routes
of Tc-99m radiopharmaceuticals.

The two parent cysteine complexes are quickly
excreted by the kidneys without any important extra
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renal help. Owing to the blockade of functional

groups or the introduction of alkyl groups in the

cysteine molecule, the hepatobiliary excretion of the

complexes increases substantially if the lipophilic
character of the complexes is raised by modification
of the ligand. This is obvious in the case of penicilla
mine and cysteine ethyl ester, whereas the acetyl

group in N-acetylcysteine neither increases the lipid
solubility nor the hepatobiliary excretion.

FOOTNOTE

* Radiochemical Centre, Amersham.
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