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PHYSICO-CHEMICAL PROPERTIES OF GLYCINE
SOLUTION DURING IRRADIATION

By
Giichi YOSHII
Department of Radiology, Medical School, Osaka University
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Introduction

It seems generally accepted that ionising radiation alters the physico-chemical proper-
ties of the aqueous solution of amino of acids. ‘There have been some observations made by
Gordy et al (1), Week et al (2), and Henriksen (3) on the changes of physico-chemical
properties of glycine solution following irradiation. However, they are referahble only to a
post irradiation status. Accordingly, they should have bheen carried out even during
irradiation, since reactions caused by irradiation are very quick in their responses and
their developements. In the present study it was attempted to elucidate the mechanism
of radiolysis of glycine solution being exposed to *H20 @-ray.

Two experimental methods were employed on a physico-chemical basis : one was carried
out on the observation of free radicals formed in glycine solution, and the other on the
change of dielectric properties during irradiation, in order to obtain some informations of
the immediate effects of ionising radiation.

Experiment 1
On a study of radiation induced free radicals electron spin resonance (ESR) spectro-
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scopy was made of glycine solution being irradiated by SH»O @-ray at room temperature.
Fortyfive mg and/or 7.5 mg of purified glycine were added to 1 ml of 3H»0 (specific activity,
1¢c/0.2 ml, the weight ratio of SH20 to HsO was 1:500) obtained from Amersham, England,
and samples of 3 M and 0.5 M glycine solutions were prepared. Thus, the samples were
constantly exposed to ®H»O S-ray, at a dose rate of 6x 104 rads/hr.

The ESR spectrometer used was a Varian 4500 instrument. It was operated at
9000 Mc/sec microwave with 100 Kc/sec field modulation and 30 gausses sweep. To mini-
mize a dielectric loss in the aqueous solution, a thin sample cell with flat dimension of
50 mm x 9 mm x0.25 mm was employed, which was located in a nodal plane of the electric
field in the cavity. The spin density and line width of the irradiated samples were quanti-
tized by comparing with that of DPPH and (SQs3)2NO:z-, respectively.

When the ESR spectroscopy of aqueous solution whith contains 3H.Q is studied, it is
very likely that free radicals from Hz0 being exposed to H»0 @-ray induce hackground
spectra. At room temperature, no ‘ back ground signal” was observed of the aqueous
solution in the presence of air, which was in agreement with Henriksen (3) and Kroh et al (4).

Observations of the resonance spectra of 3 M and 0.5 M glycine solution were made

Observation time 3 glycine solution 0.5M glycine solution
during irrdiation |
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Fig. 1 The qualitative ESR spectrum of 3 M and 0.5 M glycine solution
observed at diferent time during irradiation of *H,Q g-ray, at a dose
rate of 6>(1(* radsfhr and measured at room temperature, d or t indic-

ates a doublet or a triplet. The arrow indicates where resonance of
DPPH occurs.
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1 hr, 2 hrs, 4 hrs, 8 hrs and 16 hrs after preparation of the samples. As shown in
Fig. 1, the spectra observed at 2 hrs exhibit a pattern of doublet with a hyperfine splitt-
ing (hfs) of 16 gausses and a peak to peak width of 8 gausses in the concentrations of
3 M and 0.5 M. The spectra at 4 hrs show a pattern of triplet with a hfs of about 12
gausses in 3 M and 0.5 M. The latter seemed to be a composite pattern, where a triplet
of the relative intensity distribution of 1:1:1 was superimposed upon a doublet of 1:1 in
3 M, and a triplet of 1/2x(1:2:1) upon a doublet of 1:1 in 0.5 M, since the field modula-
tion was swept so wide as 30 gausses that the wings of a triplet were not distinguished
from a doublet.

While the spin of a triplet signal was markedly increased in a concentration of 3 M
solution at 8 hrs and afterwards, it was not increased in 0.5 M. With an assumption
that a triplet of resonance was superimposed upon a doublet, the relations between the
spin induced and the dose given to glycine solution were plotted in Fig. 2 in terms of a
doublet and a triplet.
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Fig. 2, The number of ESR spins being induced by *H,0 in 3 M and 0.5 M glycine
solution as a function of the time at 0 to 16 hrs or the dose, at a dose rate

of 6310* rads/hr.

Observations of patterns of resonance in glycine solution led to a conclusion that the
doublet observed resulted from a radical where the unpaired electron interacts with one
hydrogen, and the triplet from a radical where the unpaired electron interacts with two
protons. Glycine solution exists as a zwitter ion aqueous solution. The following equations
are reasonably considered.

+NH; CH; COz-+OH—+NH;3; CHCO»- +H»0 eh)
+NH; CHz CO2~Bray - +NH;s+CHz CO»- @)
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Fig. 3. Infrared spectrum of 3 M glycine solution being irradiated by *H,Q g-ray at 2.4x
10® rads dose.

To make sure whether or not NHz was produced in the glycine solution during irra-
diation, infrared spectroscopy was carried out on a 3 M glycine solution being irradiated
by °H»O @-ray at the same dose rate mentioned above. The absorption on the spectrum
at 4 hrs after preparation of the samples was studied, namely, 2.4x105 rads dose was
given to the glycine solution.

As shown in Fig. 3 difference was hardly observed of the absorption of CHz, NHj,
and COz between the irradiated and non-irradiated samples, whereas in case of an antisyn-
metric stretching frequency of CCN on 1033—!cm band the absorption of irradiated sample
showed a marked decrease over non-irradiated sample. Such decreased absorption may
be explained by the production of NHs, resulting from the breakdown of C-C bond. And
also infrared spectroscopy was carried out on a 0.5 M glycine solution being irradiated
at the above mentioned dose. The absorption on 1033—cm band was hardly seen.

There is a possibility that either of or both of the direct and the indirect actions of
radiation are responsible for free radicals in glycine solution being irradiated. The experi-
mental results revealed that spins of a tripletin 3 M were increased than in 0.5 M as the
dosage increased, whereas spins of a doublet in 3 M and 0.5 M solutions were kept almost
equal. If the difference between a triplet and a doublet is dependent of concentration, it
may be concluded that a triplet is formed as a result of the indirect action and that a
doublet is formed as a result of the direct action. Further, “afrared spectroscopical
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findings support this view.
Experiment 2

The dielectric properties of the glycine solution were studied during irradiation to
obtain another information of the immediate effects of ionising radiation. The changes of
diclectric constant during irradiation could be interpreted on the basis of degradation
and/or crosslinkage caused by irradiation.

As samples, 1 ml of each 3 M and 0.5 M glycine solution which contained 500 mc of
SHz0 (specific activity, 1¢/0.2ml) was prepared. That is 1 ml of glycine solution was to
be irradiated at a dose of 6x10° rads/hr.

Each sample solution was poured into a glass cell with two end walls made of 6 mm platinum
black plates placed 2 mm apart. Mesurement of the dielectric constant were made with
a modified Oncley’s technique (5) developed by the present author, by means of alternating
current bridge, at a frequency of 2 Mc/sec and/or 8 Mc/sec, with an oscilloscope used as
a detector. The sensivity of the capacity reading was 0.02 puF between 400 Kc/sec and

27 Mc/sec. Dielectric constant is given by e=£16_cz-+l, where Cx is sample cell capacity
X

«constant, C; and Cg, capacity with glycine solution and without glycine solution.
Preliminary experiments were made with eight samples of glycine solution from 0.1 M
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Fig. 4 Dielectric increments of 3 M andfor 0.5 M glycine solution measured at 2 Mc/sec
andfor 8 Mc/sec is plotted against the doses during irradiation.
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to 3 M. Dielectric constant measured in these solutions linearly increased with an increase
in the concentration. Dielectric increment showed exactly 23 per Mol which agreed with
Oncley’s (6) (7) experiments.

The dielectric constants were measured at a frequency of 2 Mc/sec in 3 M and 0.5 M
glycine solutions being irradiated at a dose rate of 6x10° rads/hr. Dielectric constant
showed gradual increase as the dose proved to be 5x10! rads. Dielectric increment
converted in 1 Mol against doses given is shown in Fig. 4. As is obvious from this
figure, dielectric increment in a 3 M solution shows a more marked increase than in 0.5
M at more than 5x10% rads.

The increase of dielectric increment during irradiation may be well explained by the
formation of chemicals, which have much larger dielectric constants than parent glycine,
resulting from radical combination process among glycine molecules degraded by irradiation.
Accordingly, it is considered that the reaction proposed in equation (1) and (2) is subjected

to the following processes :

|
o o
=
oL 2 rd
-: -
£ g
Q9
T 2 £ Ly
g o =
g 2 < g
E H + g
El 2 g E s
< & z
. A—‘r‘ el }:\ — S s
200 Y e 00 &0
Efflweat  volume 1n ml
r iz
X——=X 0IM glycine
g ook \\.\ = ~® 05 uM diamivosucanic acid
e B8 05 1 aopertic a
Z‘\ g K] \\ 05 mh asperatic acid
= ® O——--0 .
Sgf I 0°md - ¢ k] East \\ 0.0 yly. plus 85 =M dismina,
£ E 3 2 ol N A--——a
=2 - = g £ " IM gly. plus 0.1 mM asp.
E = N g % Y
61 i H s o LAY
= < & & A"
2 W
g sF o~ M
ElS S R
L TS0, i S
. i I
T =t 1 e L A L — X — _"";;:-_.2
a0 7 £ £ L0 = e
Effluent volume in ml L i . “"--u_r — :‘?.
Fig. 5. Elution curve of NH, contain products o . —d - e aze /0"
. - = mlk‘"{}' " C}’( € imn
formed in the glycine solution by °*H,O
pg-ray at a 2x10* rads dose and 1.2310° Fig. 6, Dieletric increment of amino acids as
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+NH;CH COz~++NHsCH CO;~——2 (+*NH;CH CO2-) ©)
+NH;CH CO2- +CH,CO:H—H 0z C CH, +NH;CH CO»- (4)

As the above products were already confirmed by Week and Garrison (2).

To examine the guantitative dependences between dielectric increments and chemical
products, column chromatography was carried out following a modified method of Moore and
Stein (9). Dowex 50 resin (H-form, 100 to 200 mesh, 8% crosslinked) was used. A 3 M
glycine solution which contained ®H20 and was subjected to be exposed to 3H;0 B-ray for 4 hrs
or 20 hrs was poured onto the top of the column. Hidrocloride with progressively increased
concentrations (0 to 4 N) was to be used to elute nitrogen products and parent glycine.
Five ml of effluent was collected in 100 tubes serially. The position of product peaks was
determined by colouring each tube for ninhidrin and quantitized by transmittance at 570 m.
Typical elution curves of a 3 M glycine solution irradiated by 3H,O B-ray at 2.4x10? rads
and 1.2x105 rads are represented in Fig. 5. The nitrogen products have been identified as
diarninosuccinic acids and asparatic acids, which showed an exact correspondence with a
preliminary elution curve in both chemicals and as well as parent glycine. Diamiosuccinic
acids and asparatic acids produced by 1.2x10° rads dose were approximately 1.5 M and
3.2 uM from a 1 M glycine solution (converted in 1 M from 3 M).

Measurements of the dielectric constant of 0:5 mM diaminosuccinic acids and 0.5 mM
asparatic acids were performed at 400 Kc/sec, 2 Mc/sec, 8 Mc/sec and 27 Mc/sec, since it
seems advisable to determine whether or not the dielectric increment was caused by the
production of «M of the above chemicals. Fig. 6 shows that the dielectric increment of
diaminosuccinic acids and asparatic acids was about 1 and 5 on a 0.5 mM aqueous solution
at 2 Mc/sec measurement, respectively. As obvious from the above results, yield of uM
products fails to explain an increase of the dielectric increment in glycine solution being
irradiated, although an increase of the dielectric increments resulted from irradiation is
proportional (see Conclusion) to the dielectric constants of chemicals from a parent glycine
by irradiation.

Conclusion

Radiolysis of glycine solution during irradiation was studied by the spin resonance
method. Free radicals formed in glycine solution during irradiation are reasonably consi-
dered to be +NH;CH CO2~ and CHz COz- by the analysis of a triplet and a doublet pattern.
The reaction by ionising radiation on glycine solution may be represented by equation (1)
and equation (2). Experiments with infrared spectroscopy seems to provide evidence in
support of the above equations. Equation (1) is very likely to be a result of indirect
action, so is equation (2) of direct action.

Dielectric increment increased gradually from the beginning to 5x 104 rads and after-
wards increased markedly in a 3 M glycine solution at 2 Mc/sec. Elevation of dielectric
increment was proportional to the formation of diaminosuccinic acids and asparatic acids
which derived from radical recombination action as represented in equation (3) and
(4), as the latter product is expected to increase markedly at more 5x10¢ rad dose, being

= R
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supported by the results of column chromatography and dielectric study(Fig.6). It must
be caused by the direct process that dielectric increment in a 0.5 M dia not increase so
markedly at more 5x10% rads as a 3 M. However, formation of diaminosuccinic acids and
asparatic acids from glycine solution during irradiation cannot give an explanation quanti-
tatively to the dielectric increment observed. On an assumption that such additional reac-
tion as crosslinkage between products and/or parent glycine may be expected, it is suppo-
rted to consider that a clue is found in interpreting the large dielectric increment of
irradiated glycine. Further study'i':;;- underway in order to find products by snbsequent
reaction.
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