
Journal of Labelled Compounds - Vol.VIII, n03, July-September 1972 41 5 

RADIATION - INDUCED DECOMPOSITION OF RADIOIODIHE - LABELLED 
3 - IODO --'L - TYROSINE ( I )  - 

A. Appleby and R.P. Umfrid. 3rd. 

Department of Environmental Sciences 
Rutgers-The State University 
N e w  Brunswick, N e w  Jersey 08903 
U.S.A. 

Received on December 21, 1971. 

SUMMARY 

I n  i n v e s t i g a t i n g  t h e  r a d i o l y t i c  decomposi t ion of 3-iodo- 
L - t y r o s i n e  we f i n d  : 
1 .  t h a t ,  by  s t u d y i n g  t h e  e f f ec t s  of dissolved argon, n i t r o u s  

o x i d e  and hydrogen, e ;  i s  t h e  r e a c t i v e  i n t e r m e d i a t e  o f  
g r e a t e s t  i n t e r e s t  i n  c f o o e i n g  a p r o t e c t o r  o f  t h e  labelled 
compound. T h i s  t echn ique  should have genera l  a p p l i c a t i o n .  

2 .  t h a t  02/ e thano l  and NzO/ethanoZ a r e  b o t h  good combina- 
t i o n s  f o r  t h e  purpose of p r o t e c t i n g  t h e  s u b s t r a t e .  

3 .  t h a t  i n  d i l u t e  s o l u t i o n s  o f  MIT, w i t h  adequate  p r o t e c t o r  
p r e s e n t ,  h i g h  s p e c i f i c  a c t i v i t y  compound should b e n o  more 
prone t o  rad ia t ion - induced  s e l f - d e c o m p o s i t i o n  than i s  com- 
pound l a b e l l e d  a t  a lower s p e c i f i c  a c t i v i t y .  
I t ems  ( 2 )  and ( 3 )  should be no ted  p a r t i c u l a r l y ,  i n  v iew 

of t h e  widespread b e l i e f  t h a t  h igh  s p e c i f i c  a c t i v i t y  and t h e  
presence  of oxygen are  always d e l e t e r i o u s  t o  t h e  s tab i l i t y  of 
l a b e l l e d  compounde. 

I N T R O D U C T I O N  

Radiation-induced self-decomposition of radioactive compounds 

in aqueous solution presents a real source of difficulty in the 

preparation and, particularly, storage of these substances. 

Despite the fact that I labelled thyroid metabolites are 

especially susceptible to this effect ( 2 ) ,  the number of systematic 

131 

studies involving the stability of such compounds is surprisingly 

small, and published observations are frequently conflicting. In 

view of the importance of radiochemical purity to the clinical 

tests in which thyroid metabolites are used, further investigation 

of these compounds seemed justified., 
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We have noted in the literature of self-decomposition the 

prevalence of two generalizations. They are, first, that high 

specific activities in a labelled compound lead inevitably to 

high rates of self-decomposition (expressed as percent decomposed 

in unit time) (3), and second, that the presence of air or oxygen 

should be avoided if self-decomposition is to be minimized (4). 

Kevertheless very high mpecifi c activity (600 Ci. mMole-l) 1311- 

iodotyrosines appear to be surprisingly stable ( S ) ,  and removal 

of oxygcn has a deleterious effect on the stability of 3:5 

diiodo-L-tyrosine, 1311 (DIT) ( 6 ) .  

be of interest to investigate more closely the validity of these 

generalizations when applied to labelled thyroid metabolites. 

3-iodo-L-tyrosine (MIT) was chosen as a model compound, being 

We therefore felt it would 

chemically the simplest of the organic thyroid metabolites and 

since its response should be representative of this class of 

compound. 

Frequently attempts are made to minimize self-decomposition 

by the use of dissolved solutes which will hopefully act as free- 

radical "scavengers", thereby "protecting" the labelled compound. 

Tho major attacking radical species must first be identified, 

so that a protector can be chosen based on i t s  reactivity towards 

this species. Despite the fact that tables of bimolectlar rate 

constants are available for many compounds reacting with the 

radicals produced in water radiolysis (7) little use has been 

made of them in choosing protecting agents. In this w r k ,  we 

have identified the major attacking species by using solute 
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systems to adjust the relative proportions of the three primary 

radicals *H,-OH and e- Protectors have been chosen for their 

reactivity towards the species so identified. 
aq' 

Unfortunately a major disadvantage of all chemical protectors 

is that they constitute a chemical impurity. We have studied a 

number of gases as chemical protectors, since gaseous solutes 

would seem to have the advantage that they can be easily stripped 

from solution if desired. 

_F?cperimental 

Solutions of 3-iodo-L-tyrosine labelled with 12'1 at trace 

levels were irradiated with 6oCo Y-radiation. 

primary processes in gamma radiolysis and seir-radiolysis are 

different, chemical decomposition proceeds in both cases through 

the ionizing effect of energetic electrons. In Samma radiolysis 

these are mainly Compton scattered electrons. By using an external 

gamma source it was therefore possible to simulate self-radiolysis 

of this compound. labelled at high specific activity with the beta- 

emitting isotope . From the standpoint of our experiments, 
the concentration of the substrate can be changed while maintaining 

the absorbed dose constant - this is equivalent to altering the 
specific activity in a self-radiolysis experiment. 

Although the 

1311 

This technique avoids a number of difficulties inherent in 

self-irradiation investigations. For example, in such experiments 

the dose rates are usually very low as compared to external gamma 

radiolysis, and rapid decay of the isotope makesnecessary frequent 

preparations with the danger of batch-to-batch inconsistencies. 



4 1 8  A .  A p p t e b y  and R.P. Umfrid  

Dosimetry problems are also avoided, including those arising from 

changing sample geometry when sequential analysss are performed. 

High specific activity preparations are also plagued by chemical 

impurities, and the chemical concentrations are usually known only 

approximately by calculation from preparation conditions. It has 

been shown that the same qualitative 

obtained in radiation-induced decomposition studies of iodotyrosines, 

whether the absorbed dose was administered by self-radiolysis or by 

an external radiation source ( 6 ) .  

and quantitative results are 

A 500 Ci. (nominal) 6oCo "cave-type'' source housed in a shielded 

greenhouse was used to externally irradiate the samples. Dose 

rates were about 2 x 10 rads hr. and were determined accurately 

by Fricke dosimetry, assuming G(Fe ) = 15.5, where G = molecules 

chemically changed per 100 e.V. absorbed ( 8 ) .  Total doses up to 

2 x 10 rads were given. 

4 -1 

3+ 

5 

The irradiation vessels were glass "Microflex" tubes, made 

by Kontes Glass CO., Vineland, N.J., of cylindrical outside shape. 

The inner geometry was a cone-shaped space in which 0.15 ml. 

samples were held for exposure to radiation. The vessels were 

capped with a screw-on plastic cap with a replaceable "Teflon" 

insert. Before use, vessels were cleaned by soaking in permanganic 

acid and rinsed with triply distilled water, with which they were 

then filled and pre-irradiated to a dose of about 10 rads. 6 

125 
I labelled MIT was supplied by E.R. Squibb 6. Sons, Inc. at 

1.82 x 10-4M. and 2.6 x lo5 Ci. mole-'. 

chemical protector, and was diluted on receipt with MIT carrier 

It contained no added 
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to 2.0 x lo'%. and 25 ci. mole-' to serve as a stock solu+ion. 

Ethanol was "Rossville Gold Shield" by Commercial Solvent. 

Corporat ion:  hydrogen, carbon d i o x i d e ,  oxygen, n i t r o u s  oxide 

and argon were "High P u r i t y "  from Matheson G a s  Co. 

Samsles were s a t u r a t e d  with a p p r o p r i a t e  g a s e s  by bubbl ing 

throuqh t h e  s o l u t i o n  f o r  20-25 minutes  u s i n g  a hypodermic needle  

t h a t  passed throuqh t h e  "Teflon" i n s e r t  of  t h e  i r r e d i a t i o n  v e s s e l  

and reached the i n v e z t e d  apex 05 t:.e conicall:t-shapeE ir::er:.or. 

-4 seco:!L n e r , Z l . :  :; :i-i:.F t i -ed 

; A A i  ( i i i if:-?d'::-*~: lil-ank was t r e a t e c  and analyzed t > e  sane way a s  the 

i r r ad ia t ed  samples. 

Analys is  f o r  e x t e n t  of decomposi t ion was by one-dimensional 

descending paper  chromatography us ing  n-butano1:acet ic  ac id :water  

= 4:1:5 as s o l v e n t  an8 Pkatmar. KO. 1 2 a p e r .  The major rad io-  

chemical  i m p r i t y  d e t e c t e d  w a s  i o d i d e  (i? = 0.35) t o g e t h e r  w i t h  

much s m a l l e r  amounts of  d i i o d o t y r o s i n e  (DIT) (R; = 0.70). The 

unchaiirred MIT hs8 an X. of 0.50. To k e e p  t h e  i o e l d e  i n  the reduced 

forn?, t : ? iosu l fa tc  w a s  s p o t t e d  am3 d r i e d  on the or ic j in  h r f o r e  

a s p l y i n q  t h e  samples. W e  i n v e s t i q a t e d  the p o s s i b i l i t y  of loss 

of act iv: . ty  Curinn chromat.ogra2YLy, .h ich h a s  Seen reyo::-.eri !9) ,  znd 

f cunB :-.o;ie. 

f 

Lr 

L v e l o -  cd  chrsx i tograms V C C ~  e i t h e r  scanned automa t i c i l l y  

usir.9 .: Xuc: C ~ I T  ChLcsco Acticrz??. I1 Sas flow i o n i z a t i o n  chamber, 

o r  ~ " t  ;n tc  t h i n  strips which were i n d i v i d u a l l y  counted u s i n ?  a 
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Tracerlab Multimatic gas flow ioniza t ion  chamber. Both techniques 

were checked pe r iod ica l ly  by l iqu id  s c i n t i l l a t i o n  counting of 

t he  same s t r i p s  i n  a Beckman LS-133 system, using "Aquasol" or  

"Aquaf lo r  'I solvent (New England Nuclear Corporation ) . 
The d i f f e rence  between percentage of t o t a l  a c t i v i t y  a t t r i b u t a b l e  

t o  MIT i n  t h e  blank and  t h a t  i n  a n  ix rad ia ted  sample w a s  taken t o  

be r ad ia t ion  decomposition due t o  aqueous f r e e  r ad ica l s ,  and 

G-values f o r  decomposition were ca lcu la ted  from 

G(-MIT) = [MITI x % Decomposition x N A 
Dose Rate (Rads hr-') x Exposure Time ( h r )  x 6 . 2 4  x 10" 

where t h e  f a c t o r  6.24 x 10l6 converts rads t o  e.V. 1.-'. 

Results and Discussion 

In an e f f o r t  t o  i d e n t i f y  t h e  major reactive spec ies  a t tack ing  

MIT, we have s t u d i e d  separa te ly  the  e f f e c t s  of dissolved n i t rous  

oxide, argon and hydrogen. In  n i t r o u s  oxide so lu t ions ,  t he  major 

reducing radical ( t h e  hydrated e l ec t ron ,  e' i s  quan t i t a t ive ly  

converted t o  t h e  oxid iz ing  .OH r ad ica l ,  providing a system i n  

which .OH i s  by f a r  the  dominant reactive species:  

aq 

A 

e' + N 2 0  -> N2 + 0- , k = 5.6 x 109K1 sec.-' ( 7 )  (1) 
aq 

0' + H20 + OH- + .OH ( 2 )  

por t ion  of t h e  s m a l l  (G =: 0.6) yield of hydrogen atoms may a l so  

be converted t o  .OH, 

N20 + . H - - ) N 2  + .OH, k = 2.2 x l o 5  ( 7 )  (3) 

the amount depending on the  r e l a t i v e  r e a c t i v i t i e s  of .H  towards 

N20 and MIT. In argon-saturated solut ions,  oxidizing and reducing 
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r ad ica l s  are both present. Table I shows the  e f f e c t s  of these 

so lu t e s  on the r ad io ly t i c  decomposition of MIT (2 x lQ"%L) and 

the amount of each primary r ad ica l  expected t o  be present. (No 

rate constants fo r  r ad ica l  react ions with MIT a re  avai lable  i n  

the l i t e r a t u r e ,  so only upper and lower l i m i t s  can be given f o r  

these amounts). 

These r e s u l t s  with argon and N20 suggest t h a t  hydrated 

c l c c t r o n s  a r e  much mare impor tan t  t h a n  .OK r a d i c a l s  i n  deci roying  

NIT,  s i n c c  rcmovinrj t h e  e- r e s u l t s  i n  a t w c f o l d  clecrcase i r i  

G(-PIIT), even though t h e  number of  .OH r a d i c a l s  a v a i l a b l e  h a s  been 

a t  l eas t  8ouSled. To check t h i s  f u r t h e r ,  t h e  e f f e c t  of d i s s o l v e d  

hydrogen was s t u d i e d .  Hydrogen can c o n v e r t  t h e  hydroxyl  r a d i c a l  

t o  a reducir.g spec ies : -  

aq 

H2 + .OH -5 .H + EI 0 , k = 4.5 x lo7 ( 7 )  ( 4 )  2 

React ion ( 4 )  would ne i n  com2ei i t ion  w i t h  any r e a c t i o n  of .OK w i t h  

i4IT; t h e  f r a c t i o n  of .OH raaicals  converted would t h e r e f o r e  depend 

on t h i s  compet i t ion.  

is shown i n  Table  I ,  where G ( - N I T )  i s  almost  double t h e  v a l u e  i n  

an argor. a-mosphere. 

The e f f e c t  of hydrogen on 2 x 10-4M.MIT 

Tne r e s u l t s  with argon,  n i t r o u s  oxide  and hydrogen c l e a r l y  

show t i ?a t  t h e  reducing  r a d i c a l s  a r e  much more impor tan t  than  t h e  

o x i d i z i n g  radical i n  d e s t r o y i n g  MIT. 

We n e x t  i r r a d i a t e d  a n  a i r - s a t u r a t e d  s o l u t i o n  o f  MIT (2 x 1 0 - 4 M . ) ,  

an2 found G ( - M I T )  = 0.45. C l e a r l y ,  some component of Bure air 

i s  i b e c t e r  p r o t e c r o r  t h a n  e i t h e r  N20, 

is ir .ezt ,  it is indeed a n  u n l i k e l y  candida te .  T h e  on ly  other 

o r  A r .  S i n c e  n i t r o g e n  
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N2O 

HZ 

molecules  found i n  a i r  i n  any s i g n i f i c a n t  q u a n t i t y  a r e  O2 and COz. 

Oxygen h a s  been c i t e d  f r e q u e n t l y  f o r  i t s  d e l e t e r i o u s  e f f e c t s  wit3 

r e s p e c t  t o  rad ia t ion- induced  decomposition (4 ,  10 ,  11, 1 2 ) .  So, 

O2 and C02 w e r e  i n v e s t i g a t e d  f o r  t h e i r  e f f e c t s  on t h e  system. 

2.76 

TABLE I 

Effect of some d i s s o l v e d  gases  ( P r e s s u r e  = 1 Atm.) on r a d i o l y t i c  
decomposi t ion of 3 - i o d o t y r o s i n e  (2 x 10-4Mj. 

A i r  

02 

co2 

PrimaIy R a d i c a l s  P r e s e n t  (G-value) I 
~~ 

A t  m o  sph ex e 

42.76 

~2.76 

$2.76 

+ 2 .76a 

-H 

a 
0.55 

6 0 . 5 5  

Q55-3.3 

<O. 55 

40 .55  

0.55 

* O H  

a 
2.74 

5.5-6.1 

42.74 

2.74 

2.74 

2.74 

63 .3  

g 3 . 3  

'c0,- 

G (-MIT) 

1.17 

0.565 

2 .o 

0.45 

0.369 

0.716 

B.H.J. B i e l s k i  and A . 0  A l l e n ,  I n t .  J. r a d i a t .  Phys. Chem., 2, 153 

(1969) 

Phe r e s u l t s  a l s o  appear  i n  Table  I ,  and i n d i c a t e  t h e  p r o t e c t i v e  

p r o p e r t y  of oxygen and t h e  r e l a t i v e l y  harmful  e f f e c t  of C02. 

view of our f i n d i n g s  p r e v i o u s l y  d iscussed  t h a t  t h e  reducing  r a d i c a l s  

are m o s t  impor tan t  i n  d e s t r o y i n g  t h e  s u b s t r a t e ,  it i s  n o t  t o o  

I n  
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s u r p r i s i n g  tha t  oxygen a f f o r d s  p r o t e c t i o n  i n  view of i t s  r e a c t i v i t y  

towards .9 and e- aq:- 

.H + 02-> .Hog , k = 1.9 x l o l o  ( 7 )  (5) 

e- + O 2  _i) .02 , k = 1.9 x l o l o  ( 7 )  ( 7 )  

.E02 HT + .02- , pK = 4.4 (13)  (6) 
- 

aq 

Again, t h e  f r a c t i o n  of .H and e- removed w i l l  be  a f u n c t i o n  of their  

r e l a t i v e  reac t iv i t ies  towards O2 and MIT. 
aq 

Carbon d i o x i d e  was thought  t o  have good p o s s i b i l i t i e s  as a 

p r o t e c t o r  i n  view of i t s  g r e a t  s o l u b i l i t y  (about  2 5 x  that  of 

oxygen) and r e a c t i v i t y  towards t h e  h y d r a t e d  e l e c t r o n .  

e- + co2 4 .co2- , k = 7.7 x lo9 ( 7 )  (8) aq 

That C02 is n o t  as good as oxygen o r  N 0 could b e  due t o  some 

degree  of r e a c t i v i t y  of  t h e  .COz- sgecies w i t h  t h e  l a b e l l e d  com- 

pound. A l t e r n a t i v e l y ,  the d e l e t e r i o u s  e f f e c t  of .C02- might  be 

a s s o c i a t e d  w i t h  i t s  known r e a c t i v i t y  towards o r g a n i c  radicals  (14)  

2 

- 
.X + .C02- + K O 2  RC02 H ( 9 )  

I t  can  b e  seen i n  Table  I that the G(-I.IIT) v a l u e s  are always 

smaller t h a n  t h e  t o t a l  y i e l d  of a v a i l a b l e  r a d i c a l s .  T h i s  could 

i n d i c a t e  t h a t  e x t e n s i v e  back-rcac t ions  involv ing  re-formation of  

t h e  MIT are possible. The a t t a c k  of .CO- on a MIT r a d i c a l  

forming a c a r b o x y l i c  a c i d  w o u l d  block the  p o s s i b i l i t y  of NIT  b e i n g  

r e c o n s t i t u k d .  Eowevcr, the c J r e a t e s t  s i q n i f i c a n c e  of t h e  CG 

2 

2 

r e s u l t  Is i-eiatec; t o  t h e  r e a c t i v i ' i y  oE CO to e- - inasmuch as 

C O ~  r-emoues some of t h e  e- 

t h a n  H or  A r ,  which do not .  

2 aq  
from s o l u t i o n  it is a b e t t e r  p r o t e c t o r  

aq 

2 
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That  i t  i s  r e a s o n a b l e  t o  p o s t u l a t e  a compet i t ion  between t h e  

s u b s t r a t e  and oxygen f o r  reducing  r a d i c a l s  can be seen when t h e  

e f f e c t  of vary ing  t h e  MIT c o n c e n t r a t i o n  i n  oxygen-saturated 

s o l u t i o n s  i s  s tudied .  When two s o l u t e s  compete f o r  t h t  s a m e  

G 
H 

where A and B a r e  the competing 

r a d i c a l  it can  be shown (15)  t h a t  

o l u t e s ,  k 
A 

nd k t h e  b imolecular  
B 

ra te  consta . i ts  f o r  t h e i r  r e a c t i o n s  w i t h  t h e  r a d i c a l ,  and G t h e  

i n i t i a l  r ad ica l  y i e l d .  When G(-A) << GR , k A [A] <<k [B] , so we can 

r e a r r a n g e  tke above express ion  and make the approximation 

R 

B 

. [.I G . k  [A] 
R A 2 5  H A 

G(-A) = !c A [A] i- k B [ B] k B [ BJ 
[A) A p l o t  of  log G(-A)  v e r s u s  l o g  - should t h e r e f o r e  g i v e  a 1ir.c w?mse P I  

s lope  approaches one as  G(-A)  decreases. F igure  I sho-.iis a p l o t  of 

f m l  
P2 7 

l o g  G(-MIT) v e r s u s  l og  -- f o r  7 - i r r a d i a c e d ,  oxyyen- 

s a t u r a t e d  s o l u t i o n s  ( t h i s  work) and f o r  X- i r rad ia ted ,  a i r -  

s a t u r a t e d  s o l u t i o n s  (16 ) .  A l i n e  of u n i t  s l o p  is shown f o r  

r e f e r e n c e .  We conclude t h e r e f o r e  t h a t  t h e r e  i s  a competi t ion 

between t h e  i o d o t y r o s i n e  and d isso lved  oxygen f o r  a reducing 

r a d i c a l ,  and t h a t  t h i s  r a d i c a l  i s  almost  c e r t a i n l y  e- H-atom 

i s  u n l i k e l y  t o  be the major a t t a c k i n g  s p e c i e s  because ( a )  it 

r e p r e s e n t s  only about  20% of the reducing  r ad ica l s ,  ( b )  .H i s  

a n  e h c t r o p h i l e  (17) and would be  less r e a c t i v e  t h a n  e- ( a  nucleo- 

aq * 

aq 
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Figure 1 ,  

[.:---J 
LO27 

Dependence o f  G (  -MI‘) Oil -. for 3 - i oii o -L- tyr9 3 j. ne ( 141 ‘I‘) so 112 ti on c 

irradiaCed o i n  oxygen-saturatcd solu-:ion w i t h  -rays (inis war!-.) 

an2 a in air-sakurated solu’iic.? vi-th X - r a y s  (l:cT. 1 5 ) .  

phile) towards the electron-deficient aromatic nucleus of NIT, 

(c) it has been observed that lowering the pH to 2.6, which would 

have the effect of transforming e- into .H 
aq 

e- + H o+-> .H + H o 
aq 3 2 

(10) 

has almost no effect on the radiolytic decomposition of 3:s 
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diiodo-L-tyrosine ( 6 ) ,  

been observed f o r  rad ia t ion- induced  d e i o d i n a t i o n  of both  MIT (16) 

and DIT  (6, 1 6 ) .  

( d )  G-values much g r e a t e r  t h a n  GH = 0.6 have 

W i t h  the preceding  e s t a b l i s h e d ,  it i s  clear that  the common 

p r a c t i c e  of employing o n l y  a n  .OH scavenger  i s  inadequare f o r  

t h e  i o d o t y r o s i n e s .  Ethanol ,  which r e a c t s  w i t h  .H and .OH b u t  

n o t  a t  a l l  w i t h  e- has been recommended r e c e n t l y  (18) as a genera l  

chemical p r o t e c t o r .  A combination of e t h a n o l  w i t h  a good e l e c t r o n  

scavenger would s e e m  more a p p r o p r i a t e .  W e  chose a s  the e l e c t r o n  

aq  

scavengers  0 and N 0 because ( a )  they  r e a c t  r a p i d l y  w i t h  e- 
2 2 aq 

( b )  t h e y  a r e  q u i t e  s o l u b l e  ( S  0 e s p e c i a l l y  S O ) ,  ( c )  they  a r e  g a s e s  

and hence could be r e a d i l y  removed i f  necessary  from s o l u t i o n s  of 

h igh  s p e c i f i c  a c t i v i t y  l a b e l l e d  compoilnds, ( d )  t h e y  are non-toxic 

and hence would be  a c c e p t a b l e  f o r  c l i n i c a l  a p p l i c a t i o n s .  Table  

I1 shows tl:c r e s u l t s  f o r  v a r i o u s  combinat ions of e t h a n o l  wi th  a i r ,  

0 o r  x 0 .  
2 2 

2 

The most s t r i k i n g  f e a t u r e  of  Table  I1 i s  t h e  g r e a t  s t a b i l i t y  

of t h e  N I T ,  as  measured by X decomposition per  u n i t  dose ,dur ing  a 

change i n  i t s  c o n c e n t r a t i o n  of over  100. The except ion  to t h i s  is 

seen a t  3 . 2 ~ 1 0 - ~ i Y . M I T  and 10-3M. e t h a n o l  - an anomalous r e s u l t  which 

seems t o  be suppressed a t  h i g h e r  c o n c e n t r a t i o n s  of e t h a n o l .  T h i s  

anomaly could be  t h e  r e s u l t  of impur i ty  i n  t h e  sample used f o r  t h e  

3 . 2 ~ 1 3 - ~ P l . X I T  c o n c e n t r a t i o n ,  which under i r r a d i a t i o n  i s  a c t i v a t e d  

towards KIT b u t  i s ,  i t s e l f ,  a scavengable  e n t i t y  and t h e r e f o r e  i t s  

e f f e c t  i s  reduced a t  the h i g h e r  eynanol  scavenger  c o n c e n t r a t i o n s .  

On t h e  whole, though, it i s  seen  t h a t  where [EtOE] 10-2M. t h e r e  
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TABLE I1 

Effect of ethanol concentration in presence of N,O ox 0, (1 Atm) 
on radiolytic decomposition of 3-iodotyrosine (MIT). 

Ethanol 
:oncentlation, M 

10'' 

10- 

10- 

1.45xlO-' 

10-1 

lo-= 

10- ' 

1 .32x10- 

MIT 
Concentration, M 
N,O SATURATED 

1.6xlO-' 
3.2~10-~ 
2.8~10-~ 

1 . 6 ~ 1 0 - ~  

2.8~10-~ 

2.24~10-~ 
6.48~10-~ 
2.0x10- 

1.2~10- 

3.2~10- 

0, SATURATED 

1 . 6 ~ 1 0 - ~  
3.2~10-~ 
2.8x10-6 

1.6~10-~ 
3.2x10-' 
2 . 8 ~ 1 0 - ~  

2 .24x10m5 
6.48~10-~ 

1 . 3 ~ 1 0 - ~  

G (-MIT) 

,207 
.039 
.003 

.291 

.064 

.005 

.122 

.045 

.023 

.406 

.238 

.053 

.004 

.300 

.078 

.007 

.094 

.030 

.346 

% Decornp/lOs rade 

13.0 
12.5 
11 .o 

18.8 
20.8 
17.3 

56 .O 
72 .O 
12 .o 

35 .O 

15.4 
17.1 
14.0 

19.4 
25.0 
24.0 

43.4 
48.0 

27.6 

is significant stability regardless of the gas chosen as the 

solvated electron scavenger. 

That % decomposition is almost independent of [KIT) can also 

be concluded from Fig. I, since a eirect proportionality between 

G(-MIT) an6 [MIT] requires % decomposition per absorbed dose to be 
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c o n s t a n t  ( e x p r e s s i o n  A above) .  T h i s  c o n d i t i o n  e x i s t s  when scaveng- 

i n g  of  t h e  r e a c t i v e  i n t e r m e d i a t e s  by p r o t e c t o r s  predominates  over  

t h e i r  r e a c t i o n  w i t h  t h e  s u b s t r a t e .  

D a s e d  on t h i s  r a t i o n a l e ,  t h e  s t a b i l i t y  of h i g h  s p e c i f i c  

a c t i v i t y  i o d o t y r o s i n e s  s t o r e d  i n  very d i l u t e  s o l u t i o n  with dissolved 

a i r  p r e s e n t  becomes unders tandaa le .  

I t  i s  a l s o  clear from Table  I1 that  i n  t e r m s  of  p r o t e c t i o n :  

10-lN. EtOEi > 10-2M. EtOH > 10-3M, EtOH 

and that :  

N 0 )  0 ) A i r  
2 2 

The increased  p r o t e c t i o n  f u r n i s h e d  by i n c r e a s i n g  the concent ra t ion  

of e t h a n o l  l e a d s  one t o  wonder a t  what p o i n t  i s  the p r o t e c t i v e  e f f e c t  

maximized w i t h  r e s p e c t  t o  e t h a n o l ?  Hoye and S t e i n n e s  (18) found 

t h a t  6g-70% e t h a n o l  (13-17M.) o f f e r e d  some real  p r o t e c t i o n 1  T h i s  

c o n c e n t r a t i o n  i s  130-170 t imes  t h e  maxiinum [EtOH] used i n  th i s  

work, and under  t h o s e  c o n d i t i o n s  molecules  of e t h a n o l  would out -  

number molevules  of MIT by l o 5  t o  lo6 -- i n  t r u t h ,  the s t u d y  t h e n  

would n o t  b e  of  a n  aqueous s o l u t i o n .  

h' 0 i s  about  1 2  t i m e s  as s o l u b l e  i n  water as is pure  oxygen. 
2 

The f a c t  t h a t  it i s  less r e a c t i v e  than  oxygen towards the s o l v a t e d  

e l e c t r o n  (k /ko + e e 0 . 3 )  ( 7 )  would s t i l l  l e a d  one t o  p r e d i c t  N 0 + e  
2 2 

a g r e a t e r  p r o t e c t i v e  c a p a b i l i t y  f o r  s o l u t i o n s  s a t u r a t e d  w i t h  N 0 

than  w i t h  0 and t h i s  is what is seen. 

2 

2 '  
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