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Irradiated crystalline disaccharides have been
analyzed by gas chromatography of the tri-
methylsilyl derivatives for the presence of con-
stituent monosaccharides after dissolving in
pyridine or water. Sucrose yields p-fructose and
a-D-glucose in equal amounts, with initial G-
values of 0.8. Maltose monohydrate yields equal
amounts of «- and B-p-glucose with G=0.15,
and trehalose dihydrate yields «-p-glucose with
G = 0.8. By means of these results and previously
reported degradation yields, it is demonstrated
that the major part of the radiation damaged
molecules in sucrose, maltose monohydrate, and
trehalose dihydrate has intact glycosidic bonds.
No detectable amounts of D-glucose or D-
galactose were found in irradiated lactose mono-
hydrate.

The susceptibility of the glycosidic bond in
crystalline disaccharides to ionizing radiations
has been mentioned in the early literature,'-*
but no conclusive data have yet been reported.

The total degradation yields for four crystal-
line disaccharides have been reported in a
previous communication ® together with degra-
dation yields, measured as degradation of their
constituent monosaccharides, for three of these
disaccharides (sucrose, maltose monohydrate,
and trehalose dihydrate). The results showed
that the damage to these disaccharides is mainly
associated with only one of the monosaccharide
moieties of any degraded disaccharide molecule.
These results give rise to two possible inter-
pretations. The glycosidic bond may be either
intact, joining the damaged monosaccharide
moiety (or part of it) with the undamaged one,
or broken, in which case a constituent mono-
saccharide is released. We have now measured
the radiation induced release of constituent
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monosaccharides for sucrose, maltose mono-
hydrate, trehalose dihydrate, and lactose mono-
hydrate, and the present results give informa-
tion about the radiation sensitivity of the
glycosidic bonds.

EXPERIMENTAL

The ®Co y-irradiation and the disaccharides,
sucrose, f-maltose monohydrate, «,x-trehalose
dihydrate, and «-lactose monohydrate, have
previously been described.?

For the determination of released constltuent
monosaccharides in the irradiated crystalline
disaccharides, & known amount of anhydrous

yridine was added to a weighed amount of the
irradiated or unirradiated sample to give a
concentration of approximately 10 mg carbo-
hydrate/ml pyridine. The samples were either
directly dissolved in pyridine or first dissolved
in water and subsequently freeze-dried.

The trimethylsilyl derivatives were prepared
by addition of hexamethyldisilazane and tri-
methylchlorosilane to the pyridine solution, as
described by Sweeley et al.® As reference samples
unirradiated disaccharides, and occasionally ir-
radiated disaccharides, were used to which were
added known small amounts of the appropriate
monosaccharides dissolved in pyridine or water.

The pyridine solutions of the derivatives were
analyzed by gas chromatography on a Perkin
Elmer F11 with FID detection.” Columns were:
1.4 m x 2.2 mm of 2 9% SE 30 on Chromsorb W
60 — 80 mesh at 160 °C and 1.2 m x 2.2 mm of
a 2:1 mixture of 8 % QF 1 and 4 9%, SF 96 on
Gas Chrom P 100 — 120 mesh at 140 °C.

RESULTS

For the investigated disaccharides, with the
exception of lactose monohydrate, irradiation
gave rise to small amounts of the constituent
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Fig. 1. y-Radiation induced release of mono-
saccharides from crystalline disaccharides wvs.
dose: O, p-fructose + «-D-glucose from sucrose;
+, «-D-glucose from trehalose dihydrate; x,
«- 4+ B-pD-glucose from maltose monohydrate.

monosaccharides which did not appear in unir-
radiated samples. Sucrose yielded o-fructose and
a-D-glucose in equal amounts. Maltose mono-
hydrate yielded «- and g-p-glucose in equal
amounts, whereas trehalose dihydrate only gave
rise to a-D-glucose. The yield-dose curves for
the formation of these free constituent mono-
saccharides are given in Fig. 1 and the initial
G-values are given in Table 1. Neither «- and
B-D-glucose nor «- and B-D-galactose were pres-
ent in detectable amounts in irradiated lactose
monohydrate (Table 1).

There were no detectable differences in the
gas chromatograms or yields of monosaccharides
between samples analyzed directly after irradia-
tion, and samples analyzed after dissolving in
water and subsequent freeeze-drying, with the
exception that mutarotation occurred for D-
glucose when the aqueous solutions were not
frozen immediately after dissolving the sample.

Table 1. Initial G-values for the release of
constituent monosaccharides from crystalline
disaccharides.

G-value
D- «-D- B-D- B-D-
Fruc- Glucose Glucose Galac-
tose tose
Sucrose 0.8 0.8
Maltose.H,0 =0.156 =0.15
Trehalose.2H,0 0.8
Lactose.H,0 <0.1 <0.1

DISCUSSION

The fact that p-glucose released from sucrose,
maltose monohydrate, and trehalose dihydrate
are the anomers which would be expected from
the spatial configuration of the disaccharide,
shows that the breakage of the glycosidie bond
is concomitant with retention of the geometry
of the carbon atom involved in the bond. An
inversion, e.g. from «- to f-D-glucose in sucrose,
of a detectable magnitude (G=0.1) would have
been noticed. The monosaccharides are probably
already present as such in the solid state, as
their formation is independent of the method
used to dissolve the irradiated sample. The
pyranoside and furanoside forms of D-fructose
have been resolved by GLC of their trimethyl-
silyl derivatives.® They are, however, not sepa-
rated by the experimental conditions used in
the present investigation (¢f. Ref. 6) which were
employed to separate and quantitate the small
amounts of released constituent monosaccha-
rides.

Lactose monohydrate behaves differently
from the three other investigated disaccharides.
The initial total degradation yield for lactose
monohydrate with G=50 is also exceptionally
high compared with the G-values of 6—8 for
the other disaccharides.® The absence of released
glucose and galactose in irradiated lactose mono-
hydrate is in agreement with data given by von
Sonntag and Dizdaroglu.?

The G-values for the radiation induced degra-
dation of sucrose, trehalose dihydrate, and
maltose monohydrate have been determined to
be 6, 7, and 8, respectively and the G-values for
the degradation of their constituent monosac-
charides have been determined to be the same
or slightly higher,® ¢.e. for sucrose: G(— glucose)
+ G(~—fructose)=6, for trehalose dihydrate:
G(—glucose)="7, and for maltose monohy-
drate: G(— glueose) = 10.

From these data and the present results on
the release of constituent monosaccharides
(Table 1), it can be calculated that radiation
damaged molecules of the type 8—0—8*, in
which one monossccharide moiety (8) is
damaged but has an intact glycosidic bond,
account for more than 70 9, of the degradation
in sucrose and maltose monohydrate and for
about 90 9%, in trehalose dihydrate. It can also
be calculated that processes leading to breakage
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of the glycosidic bond have G< 1.6 in sucrose,
G < 2.3 in maltose monohydrate, and G<0.8 in
trehalose dihydrate. This result makesit difficult
to assign the glycosidic bond as origin and/or
trapping site of the free radicals as these are
formed with G-values of 3— 5.1
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