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N 1 glycolylbiuret has been identified as a radiation product o f cytosine in aerated aqueous 
solution at pH 4.5. When varying the pH o f the solution before irradiation from acidic values 
towards neutral ones. G value o f N 1 glycolylbiuret reached a m aximum at pH 4.5.

In a previous work [1], the  rad ia t io n - in d u ced  
degrada t ion  o f  cytosine by g a m m a  rays has  m a in ly  
been described according to the classical hydroxyl 
radical attack on the 5.6 d o u b le  bond  lead ing  to 
5- a n d /o r  6 -pyrimidyl radicals w hich  fo rm  p e r ­
oxides when oxygen is p resent in the  i r rad ia ted  
aqueous  solution. These  perox ides  are  k no w n  to be 
particularly  unstable  for cytosine [2], T h e  id en t i f ic a ­
tion o f  b iure t in the g a m m a  radiolysis  o f  cy tos ine  in 
an aera ted  aqueous  solu tion  [3] and the  su b s e q u e n t  
characterization  o f  //w?5 - l - c a rb a m o y l- 4 ,5 -d ihy- 
d roxyim idazolid in-2 -one as the m ost im p o r ta n t  
radiolysis p roduct o f  cytosine [4 - 7 ] ,  has  focused 
our  a ttention on the ring concerted  re a r ra n g em en ts  
occurring th roughou t  the  rad io ly t ic  o x id a t io n  
processes.

In this paper, the  iden tif ica t ion  o f  N '-g ly co ly l­
biuret as one o f  the stable  radiolysis  p ro d u c t  o f  
cytosine is described.

Results

1. Irradiation of cytosine aerated aqueous solutions 
and chromatography o f  the degradation products

Acidified solutions o f  cytosine d isso lved  in t r i ­
disti lled water were sub m it ted  to g a m m a  ray 
irradia tion  in aera ted  conditions.

Once taken up by a w ate r-m e than o l  m ix tu re ,  the  
rad ia tion  products o f  cytosine were an a lyzed  by 
two-dimensional th in-layer c h ro m a to g ra p h y  on 
silicagel plates.
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After localization o f  rad ioac tive  spots by a u to ­
rad iography , each p roduc t  was identif ied by the 
com bina t ion  o f  conventional spectroscopic  m ethods.

A m ong the previously iden tif ied  rad ia tion  p r o d ­
ucts o f  cytosine (b ib l iog raph y  references in T ab le  I), 
a new rad ia tion  p ro du c t  o f  cytosine was evidenced: 
N '-glycolylb iuret.

Its e lem en tar  fo rm ula  C 4 H 7 N 3 O 4  was d e te rm in ed  
by high resolution mass spectrometry (M + • m /e  161).

T he in te rp re ta tion  o f  the mass f ragm enta tion  
pattern  is s t ra igh tforw ard  and  is given in Fig. 1 
and 2 .

Table I. Chromatographic R( values o f radiation-induced 
degradation products o f cytosine.

Radiation product Solvent Solvent References
A B (*)

Cytosine 0.30 0.13 -

5-Hydroxycytosine 0.21 0.09 - 1-
Uracil 0.67 0.59 —
C/'?-5.6-dihydroxy- 0.22 0.33 - 3 -
5.6-dihydrouracil
7ra«s-5.6-dihydroxy- 0.29 0.51 - 3 -
5.6-dihydrouracil
Urea 0.30 0.27 - 3 -
Biuret 0.59 0.65 - 3 -
N'-formylurea 0.68 0.74 - 3 -
N'-formvlbiuret
N'-glycolylbiuret

0.78
0.66

0.80
0.73

- 5 -
this paper

Trans- 1 -carbamoyl- 0.47 0.65 - 4 , 7 -
4.5-dihydroxyimi-
dazolidin-2-one
1 -carbamoyl-5-hydroxy- 0.58 0.76 - 5 -
hvdantoin
5-Hydroxyhydantoin 0.55 0.71 - 3 -
4-Amino-l-formyl- 0.55 0.48 - 7 -
5-hydroxy-2-oxo-
’-imidazolidin
Parabanic acid 0.69 0.87 - 3 -

* The references listed here refer to the identification of  
these products.
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Fig. 1. Mass fragmentation pattern o f N'-glycolylbiuret.

The mass spectrum  o f  N '-g ly co ly lb iu re t  can  be 
accounted in terms o f  three princ ipal  e l im ina t io n
processes: N H 3, C H : O H  and C O N H .

2. Quantitative analysis: Influence o f the pH

After localization o f  rad ioactive  spots by a u to ­
radiography, the silicagel was sc rapped  o ff  the

plate, e luted at ro om  tem p e ra tu re  overn igh t with 
tr idistilled w ater  and  the rad ioactiv ity  was m e a ­
sured.

W hen aqu eou s  solu tions o f  cytosine were ac id i ­
fied before g a m m a  ir rad ia t io n  (14,500 r a d /m in  -  
10~ 3 M — 10 ml — 0.5 jiCi — 20 m in),  it was found 
that the  G  value  o f  N '-g lyco ly lb iu re t  reached  a 
m ax im u m  betw een pH  4 and 5. w hile  th a t  o f  the

%
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pH of the irradiated solution cytosine 10~3 m, dose 
28 • 1 0 4 rad).

/ra/?.v-l-carbamoyl-4 ,5-dihydroxyim idazolid in-2-one 
increased regularly from low pH  values tow ards  
neutrality (Fig. 3).

It has to be em phas ized  th a t  the cis fo rm  o f  the  
la tter com pound  is unstable  and  gave rise to the  
trans isomer [8 ]. T he  ac id if ica tion  o f  th e  a q u e o u s  
solution after g a m m a  i r rad ia t ion  has no  in f luence  
on the G values o f  the ra d ia t io n  produc ts  o f  cytosine 
namely: N '-g lyco ly lb iure t  and  f r a m - l -c a rb a m o y l-
4 ,5-dihydroxy-oxo-2-imidazolidin.

Discussion

Hydroxyl radical a ttack  on py r im id in e  bases is 
known to occur m ainly  on the  C 5 - C 6 d o u b le  bond. 
The relative positions o f  th is a ttack  d e p e n d  on the  
presence o f  substituents o f  the p y r im id in e  ring and  
o f  the pH  [ 9 -  14].

The presence o f  /-bu tanol (50 mM) in ae ra ted  
aqueous  solution o f  cytosine (1 mM) p reven ted  any  
decomposit ion  to occur. This  result im plies  the

main role o f  hydroxyl radical in the rad ia t ion  
decom posit ion  o f  cytosine in ae ra ted  aq u e o u s  so lu ­
tion [ 1 0 ].

Experimental

Materials

Cytosine, b iu re t  and  uracil were supp l ied  by 
Fluka. R adioact ive  [2-14C]cytosine (C M M -168- 
CEA -Saclay-France  — 54.6 m C i/m M ) was puri f ied  
just before use by b id im ens iona l th in-layer c h ro m a ­
tography. The pe rsu lpha te  o x ida t ion  o f  cytosine was 
used to synthesize 5-hydroxycytosine [15].

The rad ia tion  products  o f  uracil namely:
5,6-dihydroxy-5 ,6-dihydrouracil cis and trans and 
isodialuric  acid were p re p a red  by g am m a  radiolysis  
in aerated  solution [15]. T h e  rad ia tion  p roduc ts  o f  
cytosine were p rep a red  accord ing  to the previously  
published da ta  [7],

Irradiation o f  cytosine

Cytosine was dissolved in tr idistilled w a te r  and  
ir radia ted  by Cobalt-60  g a m m a  rays in a s im ila r  
way to tha t described previously [3], A cidic  pH  
values were ob ta ined  by a dd in g  m inu te  am o u n ts  o f  
concentrated hydrochloric  acid. Unless sta ted o th e r ­
wise: 2 ml o f  cytosine 10~3 m. 0.5 (iCi w ere ir­
radia ted  at pH  4.5 with a dose rate o f  9.4 x 103 r a d /  
min at d ifferent exposure  times.

Once brough t to dryness, each ir rad ia ted  res idue  
was taken up with 0 . 2  ml o f  a w ater-m ethano l  
m ixture  (50/50. v /v)  and deposi ted  on a silicagel 
precoated  plate.

Chromatography o f  radiation products o f cytosine

From  the ir rad ia ted  m ix tu re  o f  rad ia t io n  p r o d ­
ucts o f  cytosine dissolved in the w ate r-m ethano l  
mixture, 0 . 0 1  ml was deposi ted  on a silicagel p r e ­
coated glass plate (2 0 x 2 0  cm) conta in ing  a f luo ­
rescent ind ica tor  (254 nm ) (Schleicher and Schull).

Two-d im ensional ch ro m a to g rap h ic  separa t ion s  
were carried out with the following solvents:

Solvent A: C h lo ro fo rm -m eth ano l-w a te r  (4 : 2 :1 )  
(v /v /v)  lower phase  with 5% m ethano l a d d ed  jus t 
before use. Two successive runs o f  seventy-five 
minutes each were carr ied  out. A drying pause  
(fifteen m inutes) was observed  betw een these two 
runs.
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Solvent B: Ethyl a c e ta te -p ro p a n -2 -o l -w a te r  
(75 :16 :9 )  (v /v /v) .  O ne  run was used. T he  c h ro m a ­
tographic  properties  o f  these solvents have been  
previously described.

Quantitative analysis

The localization o f  rad ioac tive  spots on this layer 
plate was o b ta in ed  by a u to ra d io g ra p h y  with 
Kodirex (K odak) o r  S truc tu rix  D. 10 (Agfa) 
emulsions.

Once scrapped o f f  the plates, the  silicagel was 
poured  in a coun ting  vial (P a ckard  glass vial) and  
eluted overnight (1  ml)  with tr id is t i l led  water.

Twenty milliliters o f  Instagel (P ackard )  were 
added  and after gentle  m ixing ( 1  m in ) ,  rad ioac tiv ity  
m easurem ents  were ach ieved  on a P ackard  T r ica rb  
liquid scintillation counter.

D osim etry  o f  the  g a m m a  ray  source  was ach ieved  
using q uan ti ta t ion  o f  free rad ica ls  p rod uced  by 
gam m a-ir rad ia t ion  o f  a lan ine  by R.P.E.

Spectrometric analysis

'H N M R  spectra were recorded  on a V arian  
Associates T.60 (60 M H z) sp ec t ro m e te r  with 
D M S O -d 6 as solvent and  T M S  as in ternal reference. 
The potassium b ro m id e  pellet m ic ro m e th o d  was 
used to record in frared  spectra  on a P erk in  E lm er 
spectrophotom eter  (M odel 257).

High resolution mass spectra  (70 cV, 160 °C )  
were perform ed on a G E C  AEI M S .9 m ass spec­
trometer with sam ple  in t ro du c t io n  by d irec t  p robe . 
Mass m easurem ents  were o b ta in ed  by co m p u te r .
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