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Abstract

The radioactivity of spot of doubly labelled ®H— and '*C— compound on a thin
layer chromatograph plate was measured with a radiochromatogram spark chamber.
The results were compared with those obtained from a radio thin layer chromatograph
and an autoradiograph. For the radiochromatogram spark chamber, the lower limits on
detectable intensity of 3H— and !¢C—radioactivities were 1000 dpm and 100 dpm, res-
pectively. Accordingly, it was found that more than 10% dpm of radicactivity was
required for the detection of the doubly labelled compound, which has a '*C/*H
radiactivity ratio of 1/490 on this instrument. Further, it was revealed that the amount

of radioactivity of tritium and carbon-14 could be estimated from the brightness of
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spark images.
1 Introduction

In a study by use of a doubly labelled *H— and '4C— compound, it is sometimes
necessary to measure the radioactivities of 3H and !*C, separately. The radioactivity of
the doubly labelled compeund is generally measured by a liquid scintillation counter?.
Petersen investigated the possibility of using a multistep avalanche chamber as an
image detector of radio thin layer chromatogram?. We have studied a technique to
detect the sum of radioactivities of 3H— and !*C and the radioactivity of 14C alone
in doubly labelled compound on a thin layer chromatograph (TLC) plate by use of a
radiochromatogram spark chamber and compared the results with those obtained from

a radio thin layer chromatograph and an autoradiograph.

2 Experimental

2-1. Preparation of TLC plate spotted radioactive materials

As specimens, we used commercially available [5—3H] uridine and [2—'*C] cytosine,
and [2—'4C,5—3H] cytosine prepared in our laboratory®). The aqueous solutions of
the above compounds were so prepared that the radioactivity in 50 g1 of each solu-
tion was 10%, 104, 103 and 102 dpm. They were spotted with 4 cm distance from
each other on a TLC plate (silicagel plate, 20X 20 cm) as shown in Fig. 1. The dia-
meter of spot was about 5 mm. In the doubly labelled compound, !'*C—radioactivity
was 1/4902 of 3H —radioactivity : 204 dpm of '*C against 10° dpm of 3H, 20 dpm
of 14C against 10* dpm of ®H and so on. The radioactivities of the solutions were

measured with a liquid scintillation counter (Packard, Tri-cab 460CD).

2-2. Instrument

(1) Radiochromatogram Spark Chamber : Model 450A (Birchover Instruments Ltd,
England) was used. The principle of the instrument is as follows. The radiochromato-
gram spark chamber consists of a set of cathode and anode. The cathode is made of
a number of helical coils ; anode wires are placed at the center of herical coils. When
a high voltage (1900 V) is applied across the electrodes in a PR gas (90 % argon
and 10 9% methane), ions produced by g—rays cause a spark discharge just over the
radioactive spot. The visible light emitted from the spark is photographed with a
Poraloid camera.

For the detection of '4C—activity, a given metalized film (Melinex) was placed
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between the cathode and the TLC plate, and for the detection of both 3H— and
14 C—activity, the film was removed. In the former, the flow rate of PR gas was 0.8
l/min and exposure time was 3 h at aperture of f 11. In the latter, the flow rate was
2.5 1/min and exposure time was 2 h at aperture of f 11. The film of type 667 was
used for the Poraloid camera.

(2) Radio thin layer chromatograph . JTC 201 (Aloka Co. Ltd, Japan) was used. A
windowless flow type counter (counting box: 8 X30X20mm, window : 2X10 mm) was
used as a detector. A Q gas (90 % herium and 10 %; isobutane) was used as a count-
ing gas. Operating voltage was 1200 V. A distance between the detector and the
TLC plate was 1 mm. Scanning speed of the detector was 2.5 cm/min.

(3) Autoradiograph : A standard X-ray film, Fuji RX, was used. After being exposed
to the radioactive TLC plate for 30 days in the dark, the film was developed.

3 Results and Discussion

(1) Radiochromatogram spark chamber: The lower limit on detectable intensity of radio-
activity is dependent on exposure time and distance between the helical cathode and
the TLC plate, and is varied by covering high radioactive spots with fS—ray absorver.
In the case that a number of spots having various intensities of radioactivity were
placed on the TLC plate, sparks over high radioactive spots suppressed those over
low radioactive spots, because there were a limited number of sparks available per
second. This effect could be overcome by increasing the exposure time and covering
the high radioactive spots with aluminum foils.

Following results were given by the experiment with no metalized film (Melinex).
At the exposure time of 1 h and the distance of 2 mm, and without covering of high
radioactive spots, merely the imagés of 14C—spots which have radioactivity more
than 10® dpm were detected and those of the 3H—spots were not. At the exposure
time of 2 h and the distance of 0.5mm, and without covering, the image of *H-—
spot which have radioactivity of 105 dpm was detected, whereas the image of *C—
spot of 102 dpm was hardly detected. At the exposure time of 2 h and the distance
of 0.5mm, and with covering over the *C—spot, (3)—10% dpm with aluminum foil (44
mg/cm?), the images of *C—spots which have radioactivity more than 102 dpm and
those of ®H—spots which have radioactivity more than 10® dpm were detected as
shown in Fig. 1-A-(1) and -(3), respectively. It can, therefore, be pressumed that the
image of spot of (2)-10°5 dpm, which consist of 105 dpm of 3H and about 200 dpm
of 1C, in Fig.1-A is due to the sparks related to f—ray of ®H and !'4C. On the
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other hand, the images of spots of (2)-10* dpm and (2)-10° dpm in Fig. 1-A are
pressumed to be due to the sparks related to g-ray of 3H, because these spots have
4C —radioactivity of less than 20 dpm whose radioactivity was not detected in another

experiment under the present conditions.
(A) (B)
(1) (1

(2) (2)

(3) (3)

105 104 108 102 105 104 103 402
(dpm) (dpm)

Fig. 1. Spark chamber images photographed with metalized film removed and exposure of 2
h (figure A), and with metalized film placed and exposure of 3 h (figure B).
(1) *H—labelled compound (upper row)
(2) doubly labelled ®H— and *C—compound (middle row)
(3) “C—labelled compound (lower row)

With use of the metalized film, and at the exposure time of 3 h and the dis-
tance of 2 mm, only images of #C—spots which have radioactivity more than 102
dpm were detected with expectation as shown in Fig. 1-B.

In Figs. 1-A and -B, the brightness of image increased with increase in inten-
sity of radioactivity.

Accordingly, it was revealed that 1) more than 10° dpm of radioactivity was re-
quired for the detection of the doubly labelled compound and 2) the amount of radio-
activity of the doubly labelled compound could be estimated from the brightness of
image of sparks.

(2) Radio thin layer chromatograph:Fig. 2 shows the scanning patterns of the spots on
the TLC plate. From the result of the measurement of the 3H-—labelled compound
Fig. 2<(1) and the *C—labelled compound Fig. 2-(3), the counting efficiency of 3H
and “C were calculated to be 0.1 % and 10 %, respectively. In Fig. 2-(2), the spot

76



3H and !'4C Radioactivity Measurement

(2)
300(1) 300
£
= 1 ol £
S200F o o200F
~ 1o} ~ o
- o - - £ € e
- o
g E E E, © a a Q
2 ) o © ° © °© D
100 “ % % |R100 © % o
o - -~ - o - -
0 L 1 N o N
0 4 8 12 16 20 0 4 8' 12 16 20
Scanning / cm (3) Scanning / cm
10000
X10
E8000'
o
o
~ 6000
E
£
ca000F B & | £ g
© © © k)
r ol @ S
To000k 2] S | 2 2
0 1 L i
0 4 8 12 16 20

Scanning / cm

Fig. 2. Radio thin layer chromatograms.
(1) 3H—labelled compound
(2) doubly labelled *H— and 14C — compound
(3) #C —labelled compound

of (2)-10° dpm (duobly labelled *H— and 14C —compound) gave a significant counting
rate of about 150 cpm. However, it is difficult to recognize the presence of '*C—
radicactivity, which was estimated to be about 20 cpm, for this spot in consideration
of the statistical errors of the total couting rate and a back ground counting rate (30
cpm).

(3) Autoradiograph: Fig. 3 shows an autoradiogram of the spots on the TLC plate.
The positional resolution of image of autoradiograph was better than that of radio-

chromatogram spark chamber. The sensitivity of autoradiograph was similar to that of
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radiochromatogram spark chamber. This

method, however, required long exposure
time. (1) . . .
Thus, in present study, a technique
of radioactivity measurement of doubly
labelled *®H— and !'*C—compound was (2) ® o s
established by use of a radiochromatogram
spark chamber. It was proved that radio-
( 3) [ ] ] .
chromatogram spark chamber was an
useful tool for detection of radioactivity
of the doubly labelled compound on a 105 104 103 102
TCL plate, in comparison with the radio (dpm)
thin layer chromatograph and the auto-
. Fig. 3. i .
radiograph. 1g Images of autoradiogram
(1) 3H—labelled compound (upper row)
(2) doubly labelled *H— and 4C —com-
pound (middle row)
(3) 1“C—labelled compound (lower row)
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