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SUMMARY 

Some local anaesthetics and amino acids were labelled with tritium 
by the microware discharge modification of the Wilzbach technique. 

The jollowing substances were investigated: local anaesthetics: 
carbocaine, citanest, I-cocaine, tetracaine and xylocaine; amino 
acids: glycine, DL-u-alanine, DL-Leucine, DL-phenylalanine and 
DL-tryptophane. 

The range of microwave energy used was 4,000 to 270,000 Wsec. 
The range of speciJic activities obtained was from 0.2 to 29.4 mCl 

m M ;  and .for the most used substance, DL-leucine, from 0.4 to 
27.2 mClmM. 

The efects of some reaction parameters on the labelling were 
inoestigated. Results obtained are discussed. 

INTRODUCTION 

Several modifications of the original ' l ,  ') Wilzbach technique are known 
in the literature. Some of them use an external energy source instead of the 
radiation energy of tritium, such as different types of electric discharges ( 3 ,  4. 5 ,  

6 ,  ' 9  8 ,  9, ' I ) ,  y-radiation (4), or UV-irradiation (6,10), while others use catalysts 
("3 1 3 )  or treat the organic compound adsorbed on charcoal with tritium (14,15). 

The aim of these modifications was to obtain higher specific activities and/or to 
decrease the amount of by-products formed in the reaction. 

The modification of the Wilzbach technique using microwave discharge 
has been initiated by Westermark, et a1 ( I 1 )  and elaborated by Ghanem and 

'Present address: National Atomic Energy Commission, Institute of Isotopes, Budapest, 
Hungary. 
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Westermark (6), and Ghanem ( 1 6 ) .  They found that not only could the amount 
of tritium used and the reaction time be decreased by this method but that by 
using the (( bent section technique )) (6), the formation of large amounts of by- 
products due to the discharge could also be avoided. 

I t  seemed advantageous therefore to do a more detailed study on this 
method using representatives of various groups of organic compounds as targets, 
i.e. local anaesthetics, amino acids, steroids and nucleobases. In this paper the 
results obtained by the labelling of local anaesthetics and amino acids are 
reported. 

FIG. 1 .  - Apparatus for tritium handling. 
I .  Vessel for pyroforic uranium. 6 .  Mercury manometer. 
2. Electric furnace. 
3. Toepler-pump. 
4. Reaction vessel. 
5. Pirani gauges. 

7. Connection for gas admittance. 
8. Main vacuum line. 
9. Connection to vacuum pump. 
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EXPERIMENTAL 

Apparatus 

A vacuum line suitable for all kinds of work with tritium gas has been built. 
Its schematic drawing is shown in Figure 1. Gauges of Pirani type served for 
measuring the pressure in both the main vacuum line and the reaction vessel. 
An LKB-Autovac gauge system (Type 3294 B) has been used together with a 
Philips PR 2210 A/21 recorder, so that the pressure during the reaction could 
be read at any time or recorded continuously. Tritium gas has been stored bonded 
to activated uranium powder prepared by an already described method (l’). 

FIG. 2. - Reaction vessel. 
1 .  Substance to be labelled. 
2. Discharge zone. 

3. B10 joint for Pirani gauge. 
4. B10 joint to the vacuum line. 
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Figure 2 shows the drawing of the reaction vessel used, the volume of which 
(35.38 nil) has been calibrated manometrically. The rather high dead volume of 
the reaction vessel ensured a suitable pressure belonging to a given tritium 
activity. I t  can be seen that the discharge zone is well separated from the com- 
pound to be labelled. 

Microwaves were produced in a " Radarmed 12 T 201 " generator (Robert 
Bosch Elektronik GmbH, Berlin - Wilmersdorf), which operated nominally 
at 2450 50 MHz. The generator had a continuous power output control 
between 20 and 200 W. The radiator of the instrument was replaced by a 
resonance cavity. This cavity was a slight modification of that reported in ( I 1 ) ,  

namely that the steel ball in the tuning device was replaced by a hollow teflon 
cylinder which offered a wider range tuning capacity. This is advantageous 
because all factors which influence the resonance frequency, i.e. dimensions of 
glass discharge tube, gas pressure, etc., can be varied within a wider range. 

Procedure 

The substance to be labelled was placed in the reaction vessel as shown in 
Figure2. In most of the experiments the substances were treated in powder form, 
while in others a crystalline film was produced by dissolving the compound in 
a suitable solvent and evaporating the solvent in vacuo in a rotating evaporator. 
In some cases, supports (glasswool, charcoal) were added to  the solution before 
evaporating the solvent. Subsequently the reaction vessel was attached to the 
vacuum line and the whole system was thoroughly degassed until a constant 
pressure of 1 O - j  mm Hg or less was reached. Tritium was then admitted up to 
a suitable pressure and the reaction vessel was dismounted from the vacuum 
line and put into the resonance cavity. Microwave discharge was performed, 
during which the pressure change was continuously recorded. After that the 
reaction vessel was reconnected to  the vacuum line, the remaining tritium 
was pumped off and the substance was purified. 

Materials 

The following target materials were used: 
a)  Local anaesthetics: carbocaine (I), xylocaine (II), citanest (I l l ) ,  tetracaine 
(lV), procaine (V) and I-cocaine (VI). Compounds I - V  were kindly supplied by 
Astra AB (Sodertalje) as hydrochlorides, while 1 -cocaine-HCI was a commercial 
product. 
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&NH-CO--CH-NH-CHz--CHz-CH3 I 

CHR 

COOCH3 
I 

,CH--CH-CH~ 

I59 

(1) 

All of the hydrochlorides were converted into their free base and exposed to 
tritium in this form. 
b) Amino acids: glycine, DL-a-alanine, DL-leucine, DL-phenylalanine and 
DL-tryptophane ; all of these were commercial products of the best available 
quality. 
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Purijcation and purity control 

a) Local anaesthetics 

Labile tritium was removed by dissolving the compound in about 25 ml of 
methanol and evaporating the solvent in vacuo. This was repeated three times. 
The final residue was then dissolved in about 2 ml of methanol and applied to 
four half-sheets of Whatman No. 3 paper. A descending chromatography in 
n-butanol saturated with 1N acetic acid was then carried out. A thin strip of 
each of the paper sheets was scanned in a Packard M 7200 radiochromatogram 
scanner and spots were located by either a fluorescein or a Dragendorff spray- 
reagent. Most of the radioactivity usually appeared in impurities. The zones 
containing the labelled compound were cut into small pieces and eluted three 
times with hot methanol. After evaporating the solvent in vacuo, the residue 
was redissolved in methanol, the solution was decolorized with charcoal if 
necessary and an ethereal solution of anhydrous oxalic acid or an ethereal HCI 
solution was added. Oxalates or hydrochlorides were precipitated and then 
recrystallized three times from methanol-ether. 

Radiochemical purity was checked by paper chromatography in n-butanol 
saturated with I N  acetic acid using the scanner mentioned above. All of the 
local anaesthetics investigated were radiochemically pure after the purification 
described above, except carbocaine, which contained a part of radioactivity 
not bonded to carbocaine. 

b) Amino acids 

The products after tritiatioii were dissolved in the minimal amount of water 
and were brought to the top of a column of Dowex-50-W-X8 ion exchange resin 
(Hf-form). (18.5 mm (25, 14.5 cm long, 100-200 mesh). The column was washed 
with one liter of water. Amino acids were eluted with250 ml of 12.5% NH,OH. 
After evaporating the solvent in vacuo, the residue was redissolved in water, 
decolorized with charcoal, filtered and evaporated to dryness. Removal of labile 
tritium before purification is unnecessary. 

Radiochemical purities were checked by paper chromatography in n- 
butanol saturated with IN  acetic acid or n-butanol-methanol-water (10: 10: 5) 
systems, and by thin layer chromatography on Silicagel-G layers (without 
activation) using the butanol-acetic acid-water (4: 1 : I )  solvent system. After 
scanning the chromatograms, spots were located with ninhydrin spray reagent. 

Radioactiaity measurements 

Radioactivity measurements were carried out in a Tricarb liquid scintilla- 
tion spectrometer (Model 33 14) using a toluene-alcoholic PPO-POPOP solution 
(3 g PPO and 0.3 g POPOP in 1 litre of toluene and 0.8 litre of absolute alcohol) 
and external standard for quenching correction. 
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70 

RESULTS AND DISCUSSIONS 

Reaction conditions were chosen arbitrarily. In general 100 mg of the target 
material was exposed to 80 mC of tritium gas which corresponded to a pressure 
of 0.7 mm Hg. The exposure time was usually determined by the pressure change 
during the reaction. When the pressure had dropped to  a constant value, the 
reaction was stopped. In cases when only a very slow pressure decrease or even 
increase took place, however, the reaction was stopped after an interval chosen 
arbitrarily. As for the differences in pressure changes in the case of the different 
compounds, no adequate explanation can yet be given. It should also be men- 
tioned that different reaction conditions could have an influence on the pressure 
change in the case of the same compound, as shown in Figure 3. 

- 
I 

I ,.-I-- " 
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FIG. 3. - Effect of reaction conditions on the pressure change in labelling of DL-leucine. 
Figures refer to experiment numbers. 

The labelling of local anaesthetics using this method has already been 
published (I6). In our work they have been used only for checking the apparatus. 
Results obtained in our experiments are summarized in Table 1. Specific 
activities and tritium fixation yields are somewhat higher than those reported 



P 

3 

P 
E 
6 

I < 
! 
i 

U 

g! . 
u x  
E 

K 

3 
u 
E 

2 

3 
M M  
Z E 

T. GOSZTONYI AND N. WALDE 

0 0 0  W $2 $2 % $ 2 $ 2  







E
xp

er
i-

 
m

en
t 

N
o.

 

Ph
ys

ic
al

 
ta

te
d 

ur
in

g 
la

be
lli

ng
 

Po
w

de
r 

Po
w

de
r 

Po
w

de
r 

Po
w

de
r 

13
 

19
 

33
 

38
 

Sp
ec

. 
ac

tiv
ity

 
fa

ct
or

 

1.
00

 

1.
00

 

1.
64

 

1.
50

 

-
 

W
ei

gh
t 

m
g 

m
C

/W
se

c 
x 

10
5 

10
0 50

 

25
 

13
 

R
ec

ov
- 

er
y %
 

T
A

B
L

E
 

4.
 

Ef
fe

ct
 o

f 
am

ou
nt

 o
f 

ta
rg

et
 s

ub
st

an
ce

 o
n 

la
be

lli
ng

 o
f 

D
L-

le
uc

in
e.

 

Pr
es

su
re

 
m

m
H

g
 

T
ri

ti
um

 rn
C

 

0.
7 

0.
7 

0.
7 

0.
7 

80
 

80
 

80
 

80
 

M
ic

ro
w

av
e 

7.
5 

3.
7 

3.
1 

1.
5 

W
 

72
 

75
 

80
 

70
 

15
0 

15
0 

15
0 

15
0 

W
se

c 
x 
10
-3
 

10
8 

10
8 

10
8 

10
8 

-
 

Ti
m

e 
m

in
. 

12
 

12
 

12
 

12
 

Sp
ec

. a
ct

. 

81
.8

 

81
.9

 

13
4.

5 

12
2.

0 

m
C

/m
M

 

10
.7

 

10
.7

 

17
.6

 

16
.0

 

Tz
 f

ix
ed

 
I 

%
 

10
.2

 

5.
1 

4.
2 

2.
0 



166 T. GOSZTONYI AND N. WALDE 

by Ghanem (I6). This could be due to  differences in reaction conditions. There 
are indications that charcoal and glasswool supports have disadvantageous 
effects upon the labelling of carbocaine. Furthermore it should be mentioned that 
there seems to be no relation between chemical constitution and specific activity 
or tritium fixation values (compounds 1-111 are acylated anilines, while IV-VI 
are benzoic acid esters). 

Results obtained in the labelling of amino acids are summarized in table 2. 
As could be expected, glycine showed only a low incorporation, compared with 
leucine, phenylalanine and tryptophane. The high specific activity of tryptophane 
after the short exposure time which was determined by the rapid pressure drop 
during the reaction is rather remarkable. As a comparison it  should be men- 
tioned that in earlier experiments (18) DL-leucine was labelled by (( ordinary )) 
Wilzbach exposure (188 mg leucine, 32 C tritium, 2 weeks) and 1.1 mC/mg 
(143 mC/mM) specific activity was obtained which means a tritium fixation of 
only 0.6%, though the specific activity was 13.5 times higher. 

Subsequently the effect of some reaction parameters on the labelling results 
has been investigated. DL-leucine has been chosen as amodelcompound, because 
it could be easily purified and rather highspecific activity could be obtained in the 
labelling experiments. Reaction conditions in experiment No. 13 were chosen 
as (( standard )) conditions. 

At first the effect of various supports was investigated. Results are shown 
in Table 3. It can be seen that the addition of glasswool as adsorbent has 
practically no effect on specific activity, while the addition of catalysts has a 
definite decreasing effect. That is surprising when compared with the results of 
Meshi. et al. (I3) and Cardinaud, et al. (’). Both of these authors have found a 
positive catalytic effect of hydrogenation catalysts in ordinary Wilzbach labelling 
( 1 3 )  and in labelling by high frequency electric discharge (’). As an explanation 
of this contradiction one could suggest that there might be a significant difference 
between the labelling mechanism in our experiments and that of ordinary 
Wilzbach or high frequency electric discharge labelling. It seems to be probable 
that tritium atoms playing the main part in microwave labelling ( 6 ,  1 9 )  undergo 
a recombination on the active surface of catalysts before being able to react with 
the target molecules. This suggestion, however, must be proved by further 
experiments. 

Experiments performed with different amounts of the target substance 
(Table 4) served as an attempt to obtain some information about the effect of the 
magnitude of the surface area. No special pretreatment (pulverization etc.) has 
been done, however. The substance was distributed on the bottom and side walls 
of the reaction vessel as evenly as possible. These conditions do not allow exact 
quantitative conclusions to be made but one can say that decreasing the amount 
of target substance (i.e. increasing the specific surface area) can result in a higher 
specific activity, as could be expected. It has to be mentioned, however, that the 
geometry of a given apparatus has a large influence on the results and it cannot 
be predicted which part of the reaction vessel could be reached by the reactive 
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species of tritium. So the results of these series of experiments are only inform- 
ative. 

Labelling results as functions of tritium amount used are summarized in 
Table 5. It can be seen that within a rather narrow pressure interval in- 
creasing the tritium pressure causes an increase in specific activities obtained. 
Further increase of the initial tritium pressure has a disadvantageous effect. As 
an explanation of this one can suggest that the mean free path of tritium 
atoms is considerably shorter at higher pressures, i.e. recombination of the 
atoms takes place before collision leading to labelled products. This fact could 
mean a limitation of the applicability of the method if high specific activities 
are required. 

The effect of the power of the external energy source on labelling results is 
shown in Table 6. From these data it can be seen that increasing the microwave 
power results in an increase in specific activities, which is roughly proportional 
to the square roots of the power increase (6). 

Ghanem (16) found that changes in power input had no effect on the 
pressure change during the reaction. Our results have shown, however, that 
specific activities obtained have no relationship with the pressure change. 
According to this fact the pressure change, which sometimes has an effect on the 
exposure time, cannot serve as a measure of the extent of the reaction. 

FIG. 4. - Radiopaperchromatogram of --3H procaine : a) Unpurified product, after removing 
labile tritium; b) Purified product (oxalate). 

Solvent : n-Butanol saturated with 1N acetic acid. Paper: Whatman No. 1. 
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a )  

I I 

FIG. 5 .  - Radiothinlayerchromatogram o ~ - ~ H  DL-leucine: a) Unpurified product, including 
labile tritium; b)  Purified product. 

Solvent : n-Butanol-acetic/acid-water (4: 1 : I ) .  Thin layer: Silicagel G, without activation. 

The results of studying the effect of exposure time are given in Table 7. It can 
be seen that between 3 and 12 minutes there is practically no difference in specific 
activities obtained. The comparatively short reaction time in experiment No. 36 
showed a twofold increase in specific activity. We also obtained a high specific 
activity in the case of tryptophane (Table 2, Experiment No. 30) with the same 
short exposure time. It seems to be probable that the labelling reaction is a mat- 
ter of rather short time (i.e. several tens of seconds) and additional exposure 
decreases the specific activity due to secondary reactions and/or radiolysis. 

Radiochemical purity of the labelled compounds usually was satisfactory 
after one chromatography purification step. Figure 4 and Figure 5 show radio- 



I72 T. GOSZTONYI AND N. WALDE 

chromatograms as examples of procaine and leucine, respectively, before and 
after purification. Though procaine (and also the other local anaesthetics) 
contained a lot of impurities after labelling, the unpurified products of amino 
acids were relatively puier. Recovery values in cases of amino acids are also 
rather high. The lower extent of decomposition during the labelling reaction 
promises a possibility of labelling more sensitive compounds arid biological 
samples by  this method as already published in the case of blood serum 
albumin (6). 

CONCLUSION 

During our experiments the labelling of organic compounds was investi- 
gated from a preparative point of view. Specific activities in the 10 mC/mM 
range were obtained in the cases of several local anaesthetics and amino acids by 
using 100 mg of the target material, 100 mC of tritium and several minutes 
reaction time. In general 1 - 10% of the tritium used has been fixed in the organic 
compound, but sometimes an even higher fixation percentage could be obtained. 
The mC/Wsec fixation yields were usually in the range, although the 
efficiency of yielding the exciting input is not known. Preliminary experiments 
using steroids and nucleobases as targets gave similar results. These facts showed 
that the method is applicable over a wide range provided not too high specific 
activities are required. It is to  be stressed that all of the results are valid under 
the given geometrical conditions and changing these could mean a change in the 
results. 
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