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Summary 

The gamma-radiolysio of aqueous solutions of the peptide 

hormone angiotensin 11-amide and the beta-autoradiolysis of its 

tritiated preparations were studied. The radiation loss and the 

decrease of biological activity of angiotensin 11-amide was 

evaluated. The main fractions of radiation products were separated 

and compared with the products formed during the storage of tri- 

tiated angiotensin 11-amide. The principal radiation processes 

taking place during the irradiation of angiotensin 11-amide were 

discussed. 
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INTRODUCTION 

During the irradiation of some biologically active oligopepti- 

d e ~ l - ~  it was found that their biological activity decreased in 

consequence of the changes taking place in their primary and secon- 

dary structure, especially if the radiolysis was carried out in 

aqueous solutions. 

For a more detailed study of the radiation changes of pepti- 

des we used in this investigation the hormone angiotensin 11-amide 

as a model. This octapeptide, prepared synthetically as H-Asn-Arg- 

Val-Tyr-Val-His-Pro-Phe-OH, distinctly increases blood pressure. 

The study of its metabolism has recently been the subject of re- 

search in a number of biological laboratories. At the same time 

preparations of angiotensin labelled with radioactive isotopes are 

widely used today and applied in medical diagnosis. Therefore we 

considered that information obtained on the radiation stability of 

this peptide might contribute not only to the extension of present 

knowledge on the radiolysis of higher peptides, but also to the 

elucidation of some problems connected with autoradiolysis of la- 

belled preparations of angiotensin during their storage and appli- 

cation. 

EXPERIMENTAL 

For the external irradiation with gamma-rays a synthetic pre- 

paration of hypertensin CIBA (Val5-angiotensin 11-asp-beta-amide) 

was used from which 0.5% solutions were prepared in redistilled 

water (4.24.10-3M). Before irradiation the solutions were degassed 

throughly with oxygen-free nitrogen. 

For irradiations, a 6oCo source of an intensity of 4 6 . 8  krad/h 

was used. The doses applied ranged from 0.3 to 4 Mrad. The decrease 

in biological activity of the irradiated samples of angiotensin I1 

was evaluated from the difference in-pressor response elicited 
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in rats by intravenous administration of an equal volume of the 

non-irradiated angiotensin 11-amide. 

The separation of the radiation-transformed peptides and their 

characterization was carried out by the means of vertical electro- 

phoresis on Whatman No.3 paper in pyridine-acetate buffer of pH 5.6 

at 35 V/cm. The products formed were detected with ninhydrin, Sa- 

kaguchi reagent, 2,4-dinitrophenylhydrazine and Pauly-s reagent, 

which was also used for quantitative determination of the original 

angiotensin 11-wide after its elution from the electrophrograms 

with 5% Tris-buffer. 

A partial separation of angiotensin 11-amide from its recombi- 

nation products with a higher molecular weight and from the deami- 

dated derivatives takes place on a column of Sephadex G 15 / 52 cm 

long and 1.1 cm diameter/eluted with 0.05 M phosphate buffer of 

pH 7 .4 .  The fractions eluted from the column were measured with 

a Specord-W-VIS spectrophotometer at 215 nm. 

The enzymatic hydrolysis was carried out using pronase( Serva) 

and leucyl-aminopeptidase(Koch-Light) and the modification of the 

method elaborated by Arakawa4 and Pfeifer5. The qualitative compo- 

sition of amino acids was determined by uni- and bi-dimensional 

thin-layer chromatography on cellulose (Lucefol, Kavalier) in 

phenol-ethanol-water-25% NH40H (50:35:22:3) and n-butanol-acetic 

acid-water (4:l:l). 

The determination of the ammonia was carried out by a microdif- 

fusion method according to Conway'. The carbonyl products were de- 

termined according to Lappin . 7 

When autoradiolysis was investigated,tritiated preparations of 

[Tyr3HI4-angiotensin 11-amide of specific activity 5.24 C i / m o l  and 

[Phe3H18-angiotensin 11-amide of specific activity 2.75 Ci-mmol We- 

re used, synthetized by Dr.Mez6'. The estimation of the radioacti- 

vity on the electropherograms was carried out using the scintilla- 

tion method. 
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RESULTS AND DISCUSSION 

The dec rease  i n  t h e  con ten t  of ang io tens in  11-amide and i n  i t s  

b i o l o g i c a l  a c t i v i t y ,  t h e  formation of carbonyl  products  and t h e  

l i b e r a t i o n  of ammonia i n  dependence on t h e  dose  of gamma-irradiat- 

i on  a r e  given i n  Table  1. 

TABLE 1 

Dependence of t h e  r a d i a t i o n  l o s s  and t h e  dec rease  i n  b i o l o g i c a l  
a c t i v i t y  of ang io tens in  11-amide, t h e  formation of  ammonia and of 
carbonyl  subs tances  on t h e  i r r a d i a t i o n  dose  

Dose 

Mrad 

0.65 
1.3 

2 .7  

4 .O 

From t h i s  dependence t h e  D/37 dose  was es t imated ,  a t  which t h e  

con ten t  of i r r a d i a t e d  subs tance  dec reases  t o  37%; it corresponds 

t o  t h e  va lue  3.1 Mrad. The i n i t i a l  r a d i a t i o n  loss of ang io tens in  

11-amide Gi / -M/ ,  c a l c u l a t e d  therefrom i s  1.3.  

Two main b a s i c  f r a c t i o n s  (1,II) and a n e u t r a l  f r a c t i o n  (111) 

were i s o l a t e d  from t h e  i r r a d i a t e d  s o l u t i o n  by paper-electrophore-  

sis: 

I. The f i r s t  b a s i c  f r a c t i o n  wi th  t h e  m o b i l i t y  6.5 c m  corresponds 

t o  t h e  o r i g i n a l  ang io tens in  11-amide. 

11. The second b a s i c  f r a c t i o n  wi th  t h e  mob i l i t y  2.7 c m  c o n t a i n s  - 
according t o  t h e  r e s u l t s  of a s e p a r a t i o n  on Sephadex G 15 and 

according t o  t h e  chromatographic a n a l y s i s  of enzymatic hydroly- 
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zates - the following components: 
asp-derivative of angiotensin I1 formed on radiation hydrolysis 

of the amide group of asparagine 

derivatives of angiotensin 11-amide with a decreased basic nature 

which are formed by radiation demage of the amino acid residues, 

especially histidyl residues where a cleavage of the imidazole 

ring takes place. The decrease of histidine content and the 

presence of glu, ser, qly and ala found in the hydrolyzates of 

this fraction correspond to the results described in the radio- 

lysis of the free histidine and its simple peptides 

products with a higher molecular weight, formed by recombi- 

nation of anqiotensin 11-amide molecules with its radiation- 

-transformed products 

9 

111. Neutral fractions containing: 

radiation products with a carbonyl group, In addition to 

deaminated angiotensin 11-amide the another radiation products 

in which the formation of dialdehydes took place in consequence 

of the radiation cleavage of the aromatic rings in the tyrosine 

and phenylalanine residues also belong to this group. A similar 

result was observed in the case of the irradiation of free tyro- 

sine” or phenylalanine and its dipeptides 

products of recombination of transformed molecules of angio- 

tensin 11-amide among themselves. 

11 

The presence of the mentioned transformed products of angioten- 

sin IT-amide was also detected in its tritiated preparations 

[Tyr3HI4 and [Phe3HI8 stored for a long time. Table 2 presents the 

results obtained on electrophoresis of these substances stored for 

)11 months under various conditions and at various radiochemical 

concentrations. Even though it is necessary to reckon with the 
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TABLE 2 

Stability of tritiated preparations of angiotensin 11-amide 
i n  dependence on the conditions of storage 

The aliquots of fractions 1,II and I11 were evaluated by measuring 

the radioactivity of the electrophorograms of the 3H-preparations. 

The numbering of the fractions is similar to that of the inactive 

preparation of angiotensin 11-amide irradiated with an external 

source (see text). Fraction IV was calculated from the difference 

of radioactivity of the evaporated and non-evaporated samples of 

3H angiotensin 11-amide preparations; it corresponds to the vola- 

tile tritiated products which are formed on storage of these JH 

preparations. 
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i nhe ren t  h igh  chemical  i n s t a b i l i t y  of t h e  s o l u t i o n s  of ang io tens in  

11-amide when t h e  mentioned r e s u l t s  a r e  eva lua ted ,  t h e  conside-  

r a b l e  d i f f e r e n c e s  i n  i ts  l o s s e s  observed i n  s t o r e d  3H p r e p a r a t i o n s  

i n d i c a t e  t h a t  t h e  sha re  of a u t o r a d i o l y s i s  i s  d i s t i n c t  e s p e c i a l l y  

i n  samples wi th  a h igher  radiochemical  concent ra t ion .  

5 

The s o l u t i o n s  stored i n  methanol a t  cons ide rab le  d i l u t i o n  d i s -  

p l ay  a h igher  r a d i a t i o n  s t a b i l i t y .  With t h e s e  extremely d i l u t e d  

s o l u t i o n s  compl ica t ions  arise, of course ,  connected wi th  t h e  ab- 

s o r p t i o n  of matter on t h e  w a l l s  of t h e  v i a l s  i n  which t h e  samples 

were s to red .  It  was found t h a t  i n d i v i d u a l  f r a c t i o n s  of t h e  ra- 

d i a t i o n  products ,  which a r e  formed i n  t h e  l a b e l l e d  p repa ra t ions ,  

a r e  absorbed on t h e  v i a l  w a l l s  non-uniformly. This  was shown on 

t h e  b a s i s  of t h e  r e s u l t s  of t h e  e l e c t r o p h o r e s i s  of t h e  o r i g i n a l  so- 

l u t i o n  i n  which t h e  p repa ra t ion  w a s  s t o r e d  (90% M e O H )  and d i l u t e  

a c e t i c  a c i d  used f o r  r i n s i n g  t h e  v i a l .  I n  t h e  f i r s t  c a s e  t h e  r a t i o  

of t h e  r a d i o a c t i v i t y  measured i n  f r a c t i o n s  I ,  I1 and I11 cor-  

responds t o  4 8 ,  2 0  and 1 2 % ,  whi le  i n  t h e  second case t o  52,  13  and 

lo%, r e s p e c t i v e l y .  Hence, t h e  abso rp t ion  of t h e  o r i g i n a l  angio- 

t e n s i n  11-amide i s  h igher  than  t h e  abso rp t ion  of  f r a c t i o n  11. 

Therefore  t h i s  c i rcumstance must be reckoned wi th  dur ing  t h e  per- 

formance and eva lua t ion  of  t h e  c o n t r o l  ana lyses  of  l a b e l l e d  prepara-  

t i o n s .  

From t h e  con ten t  of f r e e  NH3 and >CtO groups i n  t h e  i r r a d i a t e d  

s o l u t i o n s  of  ang io tens in  11-anfide (Table  1 )  and from t h e  r e s u l t s  of 

t h e  e l e c t r o p h o r e t i c  and chromatographic (Sephadex; r e s u l t s  it may 

be concluded t h a t  i n  t h e  s o l u t i o n s  of t h i s  pep t ide ,  both i r r a d i a t e d  

wi th  an e x t e r n a l  gamma-radiation source  and w i t h  i n t e r n a l  sources  

of be t a - r ad ia t ion ,  t h e  fo l lowing  f i v e  r a d i a t i o n  processes  a r e  t h e  

p r i n c i p a l  ones: 

1. Deamination of t h e  NH2-terminal group. 



264  J .  KopoZdova', 3. Hm&? and I .  Mezo" 

2 .  Radiation hydrolysis of the amide group of asparagine at which 

the formation of asp-derivative of angiotensin I1 takes place. 

3 .  Radiation transformation.of amino acid residues, especially of 

histidyl residues. 

All these reactions take place with the liberation of ammonia 

and participate in the total loss  of original molecules of angio- 

tensin 11-amide by about 60%. 

The high increase in the yield of the >C=O groups, observed in 

the solution of the angiotensin 11-amide that was irradiated with 

the highest dose, indicates that at these irradiation dosed the 

formation of dialdehydes evidently takes place in consequence of 

the radiation cleavage of the aromatic rings in tyrosine and phe- 

nylalanine residues. 

4 .  Radiation recombinations of the molecules of angiotensin II- 

-arnl.de at which recombination products with a higher molecular wei- 

ght are formed. The total proportion of the recombination products 

increases with the radiation dose. At the highest dose used in this 

study the fraction of the radiation recombination products is about 

18% of the original amount of the polypeptide. According to the 

electrophoretic properties of the recombinates formed it may be 

judged that the recombination reactions occur mainly either between 

molecules of angiotensin 11-amide and its radiation-transformed 

derivatives, or between these derivatives among themselves. 

5 .  The radiation cleavage of the peptide bond according to the 

reaction of GarrisonLL with formation of lower molecular weight 

products, containing partly amide and partly carbonyl groups, takes 

place in the oxygen-free solutions of angiotensin 11-amide only to 

a very limited extent. This was indicated by the results of the 

separation of the irradiated solution on a Sephadex G 15 column; 

only a very negligible increase in absorption with the elution 

volume corresponding to the products of lower molecular weight was 
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observed. The n a t u r e  of t h i s  product  w a s  no t  i n v e s t i g a t e d .  

The d i f f e r e n c e  between t h e  dec rease  i n  t h e  amount of ang io tens in  

11-amide and t h e  dec rease  i n  t h e  b i o l o g i c a l  a c t i v i t y  of i ts  irra- 

d i a t e d  s o l u t i o n s  i s  about  10% af ter  i r r a d i a t i o n  wi th  h igher  doses ,  

appa ren t ly  corresponding t o  i t s  asp -de r iva t ive  which i s  formed i n  

i r r a d i a t e d  s o l u t i o n s  and which has  according t o  J u l i a n o  and co-wor- 

k e r ~ ’ ~  an approximately equal  b i o l o g i c a l  a c t i v i t y  as ang io tens in  

11-amide. From t h i s  it would then  fo l low t h a t  o t h e r  r a d i a t i o n  pro- 

d u c t s  a r e  b i o l o g i c a l l y  i n a c t i v e .  The r a d i a t i o n  changes t ak ing  p l ace  

i n  t h e  molecules  of ang io tens in  11-amide, e s p e c i a l l y  t h e  r a d i a t i o n  

t ransformat ions  i n  i t s  h i s ,  t y r  and phe r e s idues  l ead  n o t  on ly  t o  a 

change i n  t h e  conformation of t h e  i r r a d i a t e d  pep t ide ,  b u t  - judging 

on t h e  b a s i s  of t h e  h igh  y i e l d  of f r e e  ammonia and >C=O groups - 
t o  profound s t r u c t u r a l  changes a s  w e l l .  From t h i s  a cons ide rab le  

v a r i a b i l i t y  of t h e  r a d i a t i o n  products  fo l lows  i n  s p i t e  of t h e  f a c t  

t h a t  t h e  r a d i a t i o n  loss of t h e  i r r a d i a t e d  p e p t i d e  Gi/-M/ i s  rela- 

t i v e l y  l o w  (1,3). 
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