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EFFECT OF GAMMA IRRADIATION ON BLOOD PLASMA FIBRINOGEN

The e f f e c t  o f  gamma i r r a d i a t i o n  on c l o t t i n g  o f  p lasm a 
f ib r in o g e n  h as been i n v e s t i g a t e d .  C r i t i c a l  a l t e r a t i o n s  o f  
m echanica l p r o p e r t i e s  o f  the  f i b r i n  c l o t  formed both  from 
blood  plasm a and i s o l a t e d  f ib r in o g e n  ( 60Co-source  ), were 
i d e n t i f i e d  by th rom b ela stog rap h y . The d o se - re s p on se  (0-3  
KGy) a n a l y s i s  o f  th e  p o ly p ep t id e  com p osi tion  o f  p u r i f i e d  
f ib r i n o g e n  showed th e  g ra d u al  d i sa p p ea r an c e  o f  th e  A ot 
c h ain .  T h is  p o ly p e p t id e  was th e  most s e n s i t i v e  one to  
i o n i z in g  i r r a d i a t i o n  and was p rob a b ly  d ir e c t l y  in vo lve d  in  
th e  a g g r e g a t io n  o f  f ib r in o g e n  m olec u le s .  T h is  was n o t th e 
c a s e  when whole p lasm a was su b je c te d  to  i r r a d i a t i o n .

In tro d u c t io n

I r r a d i a t e d  f i b r in o g e n  e x h i b i t s  the  enhanced tendency  to  form 
in s o l u b le  a g g r e g a t e s  and t h i s  phenomenon i s  p rob a b ly  a s s o c i a t e d  
with the l o s s  o f  i t s  c l o t t a b i l i t y  [ 1 - 5 ] .

The s t u d i e s  rep o r te d  here have been d ir e c t e d  towards an é va lu -
ta t i o n  o f  the n atu re  o f  p o s t - i r r a d i a t i o n  a l t e r a t i o n s  o f  f ib r in o g e n  
s t r u c t u r e  and p r o p e r t i e s .  We attem pted  to  c o r r e l a t e  a l t e r a t i o n s  o f  
f ib r i n o g e n  su b u n it s  o f  f ib r in o g e n  and f i b r i n  with  the  l o s s  o f  
c l o t t i n g  p r o p e r t i e s  o f  b lood plasm a and p u r i f i e d  f ib r in o g e n  a f t e r  
i r r a d i a t i o n .

M a t e r i a l s  and methods

Human c i t r a t e d  plasma was employed. F r e sh l y  c o l l e c t e d  by v e n i-
p unc ture ,  9 p a r t s  o f  b lood were drawn in t o  tu b es  c o n ta in in g  1 p a r t  
o f  3 .8 %  sodium c i t r a t e .



F ib r in o g en  was i s o l a t e d  from f r e s h  human plasm a by the  c o ld  
e tha no l  p r e c i p i t a t i o n  tech niq ue  [ 6  ] and was f u r th e r  p u r i f i e d  by 
p r e c i p i t a t i o n  with  ammonium s u l f a t e  a t  2696 o f  s a t u r a t i o n .  F i b r in o -
gen p r e p a r a t io n s  d i s s o l v e d  in  0 .1 4  M NaCl c on ta in in g  0 .01 M 
phosphate b u f f e r ,  pH 7 .1  (P B S) ,  were 97% c o ag u la b le  by thrombin 
and d id  not show any contam inat ion  with o th er  p lasm a p r o te in s  as  
judged by SDS p o lya cry lam id e  g e l  e le c t r o p h o r e s i s  [ 7 ] .

T reatment o f  b lood plasm a and f i b r in o g e n .  A l iq u o t s  o f  the same 
human plasm a f i b r i n o g e n  s o l u t i o n s  (5  mg/ml, 10 mg/ml, 15 mg/ml) in  
PBS were s u b j e c te d  to  i r r a d i a t i o n .  The i r r a d i a t i o n  was c a r r ie d  out 
in  a Gamma C e l l  a t  d i f f e r e n t  d os es  ( 0 .2 5 ,  0 .5 0 ,  0 .7 5 ,  1 .0 ,  2 .0  and
3 .0  KGy) a t  a dose  r a t e  o f  0 .9 0  KGy p er  hour while  keeping  the 
tem peratu re  a t  4 °C . The tu b es  were k ep t under th e  60Co sou rc e  with  
a i r  a s  g a s  p h ase .

T hrom b elas tog rap hy. The H e l l i g e  throm b elas tog raph  was used in  
th ese  exp er im en ts .  T h ree- ten th s  o f  c i t r a t e d  plasm a was p i p e t t e d  
i n to  the c e l l s  and a f t e r  5 min. ( f o r  tem perature  e q u i l i b r a t i o n )  
0 .0 6  ml o f  CaCl2 s o lu t io n  a t  c o n c en tra t io n  1.29% was added. The 
r e a g e n t s  were mixed by r a p i d l y  moving th e p i s to n  up and down s i x  
tim es b e fo re  f i n a l l y  low er ing  i t  in t o  c l o t t i n g  m ixtures.  The throm- 
b e la s t o g r a p h ic  re c o rd in g s  were a llow ed to  p roc eed  f o r  90 min. 
Although the r e s u l t s  were q u i t e  r e p ro d u c ib l e ,  one o f  the  th re e  
c e l l s  a lways co n ta in ed  a  c o n tr o l  c l o t t i n g  m ixture  ( u n ir r a d ia te d  
sam ple o f  the  same blood p la sm a)  in  each experim ent.  Throm b elasto- 
g ra p h ic  t r a c i n g s  were record ed  and the fo llo w in g  p aram eters  were 
d eterm ined : r e a c t io n  time ( r ) ,  c l o t  fo rm at ion  tim e ( k ) ,  maximal 
am pl itude  (MA) and e l a s t i c i t y  o f  f i b r i n  g e l  (ME) [ 8 ] .

F ib r in og e n  c o n c en tra t io n s  o f  p lasm a sam ples b e fo re  and a f t e r  
i r r a d i a t i o n  were de term ined. Plasma was c l o t t e d  by thrombin. F ib r in  
c l o t s  were then  e x h a u st iv e ly  washed out with  PBS and d is s o l v e d  in  
0 .1  M NaOH. The c on ten t o f  c l o t t e d  p r o t e in  in  both  c a s e s  was e s t i -
mated by a m ic ro b iu r e t  method [ 9 ] .

Thrombin c l o t t i n g  time o f  i r r a d i a t e d  f ib r in o g e n  was determ ined 
s p e c t r o p h o to m e tr ic a l ly  a t  600 nm [1 0 ] .

P r e p a ra ti on  o f  f i b r i n  from i r r a d i a t e d  p la sm a . N on cross l in k ed  
f i b r i n  was formed by thrombin a c t io n  on blood plasm a in  the  p r e-
sen ce o f  e x c e s s  EDTA. One hundred j i l  o f  p lasm a was mixed w ith  100 
p i  o f  0 .5  M EDTA, pH 7.1  and then 10 p i  o f  thrombin (4 0  NIH-u/ml) 
was ad ded. A ft e r  th e  c l o t  was formed i t  was washed with  PBS and



d i s s o l v e d  in  0 .1  M phosphate b u f f e r ,  pH 7 .1  c o n ta in in g  8 M ure a  
and 196 SDS [1 1 ] .  Po lyacry lam ide  g e l  e l e c t r o p h o r e s i s  was perform ed 
in  5% and 7%  g e l s  in  the p resen c e  o f  0.1% SDS [ 7 ] .  Sam ples o f  f i -
br inogen  and f i b r i n  were red uced  with  2%  2-m ercap toe th ano l f o r  3 
hours a t  37°C . G e ls were s t a in e d  with  Coom assie B r l l l a n t  B lu e .

R es u l t s

I r r a d i a t i o n  o f  p u r i f ie d  f i b r in o g e n .  The i s o l a t e d  f ib r in o g e n  
d i s s o l v e d  a t  d i f f e r e n t  c o n c e n tr a t ion s  in  PBS was exposed to  gamma 
i r r a d i a t i o n .  The induced a l t e r a t i o n s  o f  i t s  su b u n it  s t r u c tu r e  were 
c o n t r o l l e s  by the a n a l y s i s  in  SDS p o lya cry la m id e  g e l s .  E le c t r o -
p h o re t ic  p a t t e r n s  o f  i r r a d i a t e d  f i b r i n o g e n  a re  p re se n ted  in  Fig .  1.

When unreduced i r r a d i a t e d  f i b r in o g e n  was run , h igh  m olec u la r 
w eight a g g re g a te s  app eared a t  th e top  o f  the g e l s .  These were not 
d i s p e r s e d  even in  the p resen c e  o f  8 M u re a  and 1% SDS. The q u a n t i-
t y  o f  a g g r e g a ted  p r o t e i n s  in c r e a s e d  with  the dose  up to  3 KGy. 
However, no obv ious changes in  the  f ib r in o g e n  s o lu t io n  co uld  be 
ob served . A ft e r  re d u c t io n  o f  d i s u l f i d e  bonds in  f ib r in o g e n  with  
2-m ercaptoe th anol  th ere  was a g r ad u a l  l o s s  o f  th e  Aot ch ain  in  the 
t o t a l  co m p os i tion . Fo llowin g exp osure  o f  f ib r in o g e n  to  .3 KGy th e re  
was a lm ost a com plete l a c k  o f  the Aa, ch ain  in  the m olecule and 
on ly  the B|3 and j  c h a in s  were d e t e c t a b l e  in  the g e ls .  S in c e  SDS g e l  
e le c t r o p h o r e s i s  o f  the same but unreduced sam ples o f  f ib r in o g e n ,  
has not r e ve a le d  the  p resen c e  o f  p lasm ic  fra g m en ts ,  t h i s  may sug -
g e s t  th a t  a d i sap p ea ren c e  o f  the Aa ch ain  i s  no t  caused  by pro-
t e o l y t i c  d eg ra d a t io n .  T here fore  we presumed t h a t  Aoi. p o ly p e p t id e  
may be d i r e c t l y  inv o lved  in  the fo rm at ion  o f  f ib r in o g e n  a g g r e g a te s  
which are  w e ll  v i s i b l e  on g e l s  ( F i g .  1) even a f t e r  re d u c t io n  with  
2 -m erc ap toe th an o l.  A l t e r a t i o n s  in  s ub u n it s t r u c tu r e  o f  th e m olecu-
l e  were a s s o c i a t e d  with  th e l o s s  o f  p o lym er izin g a c t i v i t y  o f  f i -
b rinogen . F ig u r e  2 shows a p l o t  o f  the p o ly m er iz at io n  a c t i v i t y  
a g a i n s t  the tim e o f  in c u b a tio n  o f  f ib r i n o g e n  with  throm bin . F i b r i -
nogen was i r r a d i a t e d  in  the range  0 .7 5 - 2 .0  KGy. The dose  above 3 .0  
KGy caused a com plete l o s s  o f  th e a b i l i t y  o f  f i b r in o g e n  to  p o ly-
m erize .

I r r a d i a t i o n  o f  f i b r in o g en  in  human plasm a. The e f f e c t  o f  gamma 
i r r a d i a t i o n  on c l o t t i n g  o f  f ib r in o g e n  in  human plasm a by r e c a l c i -



F i g .  1 . D en si to m etr ie  sc a n s  o f  SDS p o lya cry lam id e  g e l s  o f  c o n tro l  
f ib r i n o g e n  ( a )  and f ib r i n o g e n  exposed  to  1 KGy ( b ) ,  2 KGy (c)  and
3 KGy ( d ) .  G els were s ta i n e d  with  Coomassie B r i l l a n t  Blue and 

a f t e r  d e s t a i n in g  th ey  were scanned a t  560 nm
Wykresy densytom etryczne żelów po liak ryloam idowych po r o z d z ia le  
k ontrolnego  f ibrynogenu ( a )  o ra z  f ib ryn og enu naprom ienionego dawką 
1 KGy ( b ) ,  2 KGy ( c j  o ra z  3 KGy ( d ) .  Że le barwiono b łęk item  Cooma-

s s i e  a po odbarwieniu  densytometrowano p rz y  d łu g o śc i  f a l i  5Ó0 nm
JJeHCHTOMeTpHMHbie rpauJWKH nojiHaKpujiaMHUHUx rejiefl nocjie pa3^e;ieHHa 
KOHTpojibHoro jHÓpHHoreHa ( a )  u i&HÖpHHoreHa o6jiyMeHHoro ąo3oft 1 

-K3y ( b ) ,  2 K3y ( c )  u .3 K3y ( d ) . r e j in  Kparaeime Jia3ypbio Coom assie 
a  nocjie oÖecuTBereHHH neHCHTOMeTpHpoBaim ripn ÄJiHHe bojihh 560 nm

f i c a t i o n ,  a s  rec ord ed  by th ro m b elas tog ra p h ic  m ea sure m en ts , i s  shown 
in  F ig .  3 and Tab. 1.

I t  can be seen  th a t  gamma i r r a d i a t i o n  red u ces  s i g n i f i c a n t l y  
the  th rom b ela stograp hy  maximum am p l itud e .  T his  s u g g e s t s  t h a t  th e re  
i s  a s i g n i f i c a n t  re d u c t io n  o f  c l o t  s t r e n g t h  when plasm a i s  exposer)



1.0 KGy

20 KGy

F i g .  2 .  The p o ly m er iz a t io n  o f  i r r a d i a t e d  f ib r in o g e n  induced by
thrombin a c t io n

P o l im e ry z a cja  naprom ienionego f ib r in og en u  indukowana d zia łan iem
trombiny

nojiHMepn3aiiHH ofijiyMeHHoro imOpHHoreHa HanyunpoBaHa 
AettcTBaeM TpoMÓHHa

time (min)

F i g .  3.  ̂ ty p ic a l  throm belastog rapn y rec ord in g  o f  co ntro l  plasm a 
(P^) and a f t e r  i t s  exposure  to  3 KGy

Z apisy  t ro m b o e la s to g r a f ic z n p  wy krzepian ia  kontro lneg o  fibrynogenu 
( pK) o ra z  napromienionego dawką 3 KGy ^P300^

TpoM6o3jacTorpari)H'łHbie BacBSpTUBaHaH xoHTpojibHoro $n6pnHoreHa (P ) 
u oO^yneHHoro ^030ii 3 K3y (P j q q )



to  a dose  o f  0 .2 5  KGy or  more. However, a f t e r  i r r a d i a t i o n  a t  3 
KGy th e  p lasm a sam ples were s t i l l  c l o t t a b l e  and gave  a  normal 
th ro m b e las tog rap h ic  p a t t e r n  (e x c e p t  th e  a m p l i tu d e ) .  I t  i s  n ote-
worthy t h a t  t h i s  was accompanied by th e  p ro lo n g a t io n  o f  p ro th -
rombin tim e o f  i r r a d i a t e d  plasm a when compared to  c o n tr o l  p lasm a 
( T ab. 1 ) .

T a b l e  1

The e f f e c t  o f  gamma i r r a d i a t i o n  on throm bela stog raph y p a ra m e te r s ,  
prothrom bin tim e and f ib r in o g e n  c o n ce n tr at io n  o f  human plasm a 

(b a se d  on 8-12 d e t e r m i n a t i o n s  in  each exp erim enta l g roup)
Wpływ prom ieniowania  gamma na param etry  t ro m b o e l a s to g ra f ic z n e ,  

c z a s  protrombinowy i  s t ę ż e n ie  f ib rynog enu w plaźm ie  l u d z k i e j  
(w o p a r c iu  o 8-12 oznaczeń w k a ż d e j g ru p ie  d ośw ia d c z a ln e j)

B flH H H H e r a u M a - o O jr y u e H H H  H a  i p o M f io a j i a c T o r p a t i i H u e c K H e  n a p a M e i p u ,  n p o -  
T p 0 M Ó H H 0 B 0 e  B peM H  u K O i je H T p a i ;n io  < J )H 6 p H H o re H a  b  o n a s M e  q e j io B e M e c K o t t  

K p o B H  ( H a  0 C H 0 B e  8 - 1 2  H SM e p eH H H  b  ic a a c ąo t t  o n H T H o i i r p y n n e )

Dose
Thrombelastogram Prothrom-

bin
tim e

F ib r in o -
gen 

mg/100 mlr k MA ME

C ontrol 12 2 6 8 .5 2 1 7 .5 1 6.5 257
0 .2 5  KGy 12 2 6 4 .0 1 1 7.7 2 0 .9 255
0 .7 5  KGy 12 2 5 8 .0 1 1 4 .0 2 1 .5 260
1 .0  KGy 12 2 5 3 .0 1 12 .7 2 3 .0 260
2 .0  KGy 12 3 4 7 .0 8 8 .6 2 4 .0 257
3 .0  KGy 12 3 4 4 .0 7 8 .5 2 8 .0 260

C r i t i c a l  a l t e r a t i o n s  o f  m echanica l p r o p e r t ie s  o f  th e  f i b r i n  
c l o t  o f  i r r a d i a t e d  plasm a a r e  dom enst rated in  F i g .  4 .  The expo-
su re  to  d o se s  up to  1 KGy brought about a  s t r i k i n g  l o s s  o f  the 
e l a s t i c i t y  o f  the  i r r a d i a t e d  f i b r i n .  Treatment o f  p lasm a w ith  
h ig h er  d oses  d id  no t in f lu e n c e  a p p r e c i a b l y  the m echanica l 
s t r e n g th  o f  th e  r e s u l t a n t  g e l s .  The e l a s t i c i t i e s  remained p r a c t i -
c a l l y  unchanged ( F i g .  4 ) .

S in c e  th e  m echanica l s t r e n g th  o f  th e  f i b r i n  g e l  f o l lo w in g  i r -
r a d i a t io n  a t  1 KGy reach ed only  ab out 50% o f  th e maximum o b s e r-
ved f o r  c o n tr o l  p la sm a, experim ents were at tem pted  to  e x p la in  
t h i s  phenomenon. F i r s t  o f  a l l ,  th e re  was no evid ence  f o r  v a r i a -



F i g .  The e f f e c t  o f  gamma i r r a d i a t i o n  on th e  e l a s t i c i t y  o f  f i -
b r in  g e l s  formed from plasm a exposed t o  d ose s  o f  0 .2 5 -3  KGy. The 
e l a s t i c i t y  was c a l c u l a t e d  a s  s ta n d ard  param eter  ME from thrombe- 
l a s t o g r a p h i c  re c or d in g s  (mean v a lu e s  were c a l c u l a t e d  from 10 de-

te rm in a t io n s  )
Wpływ prom ieniowania gamma na e l a s ty c z n o ś ć  ż e lu  włóknika utworzo-
nego z o so c z a  krwi napromienionego dawkami 0 .2 5 -3  KGy. E l a s t y c z -
ność  ż e l u  wyl iczano  ja k o  pa ram eter  ME z zapisów  t ro m b o e la s to g r a -  

f icz n y c h  ( s ą  to  w a r to śc i  ś r e d n i e  10 oznaczeń)

BJiHíiHHe o6jiy<eHHfl raMMa Ha ajiacT huhoctł re jia  (JwOpHHa B03HHKiner0 H3 
njiasMu KpoBH o6^y^eHHoii n,03aMn 0,á5-3 xCGy. SaacTHUHocTb reza b u c -  
uüTano Ka.K napaweTp jCE H3 TpoMfíoojiacTorpaiín'iHLix 3 alinee# ( s t o  cpej^— 

HHe BeJIHMHHU 10 oOOSHa^eHHÍt)

t i o n s  in  f i b r in o g e n  c o n c en tra t io n  o f  i r r a d i a t e d  blood plasm a 
(Tab. 1 ) .  T his  seems to  i n d i c a t e  th a t  changes in  th e  q u a n t i ty  o f  
c o a g u la b le  p ro te in  do no t p ro v id e  a  b a s i s  f o r  e x p la in in g  the 
l a r g e  d i f f e r e n c e s  ob served in  f i b r i n  g e l  r i g i d i t y .  To study  t h i s  
f u r t h e r ,  c r o s s - l i n k e d  and n on c ro ss- l in k e d  f i b r i n  were p rep ared  
from c o n tro l  and i r r a d i a t e d  plasm a. These were n ex t a n al y se d  by 
SDS p o lya cry la m id e  g e l  e l e c t r o p h o r e s i s  to  c h a r a c te r iz e  th e  d ose- 
—dependence o f  th e  changes in  su b un it s t r u c t u r e  o f  the  m olecule .  
The r e s u l t s  o f  th e se  a n a l y s i s  a re  p r e s en ted  in  F ig  5 .  The g e l s  f o r  
n o n c r o s s- l in k e d  f i b r i n  o b ta in ed  from i r r a d i a t e d  and- from c o n tro l



plasm a show th e  p rese n c e  o f  unm odified a ,  (3 and y  c h a in s .  The 
sc a n s  f o r  i r r a d i a t e d  f i b r i n s  in  F i g .  5 dem onstrate  c o n s i d e ra b l e  
/f-  dimer fo rm ation  which r e s u l t s  from th e  a c t i o n  o f  F a c t o r  
X l l l a ,  g en e ra ted  d e s p i te  th e  p rese n c e  o f  e x c e s s  EDTA. T his  a l s o  
shows t h a t  th ere  i s  no d i f f e r e n c e  in  th e  m o b i l i ty  and c on c entra-

F i g .  5 .  D en s i tom etr ie  sc an s  o f  SDS p o ly ac ry la m id e  e l e c t r o p h o r e s i s  
g e l s  o f  red uced, n o n c r o ss - l in k e d  f i b r i n  i s o l a t e d  from c o n tro l  
human plasm a ( a )  and from plasm a i r r a d i a t e d  a t  1 KGy ( b ) ,  2 KGy

( c ) and 3 KGy ( d )
Wykresy densytom etryczne  żelów po liakrylam idowych po r o z d z i a le  
zredukowanego włóknika n ie s ta b i l iz o w a n e g o  otrzymanego z lu d z k ie -
go o soc za  k ontro ln eg o  ( a )  oraz  z próbek o socz a  napromienionych 

dawkami 1 KGy ( b ) ,  2 KGy ( c )  o ra z  3 KGy ( d )
ieHCHTOMexpH'iHue rpaiwKH nojiaaKpwuiaMHJiHux rejieü nocJie pasjiejiemia 
cofcpaneHHoro HecTaöHJiH30BaHHoro $n6pnHa nojiy^eHHoro «3 'iejioBe'ie-
CKOii KOHTpOJIbHOÖ IUia3MM ( a )  H H3 npOÖM njia3MN 06ay»ieHH0ił A03a,\lH

1 KGy ( b ) ,  2 KGIy ( c ) u 3 KQy (d )



t i o n  o f  c o n s t i t u e n t  c h a in s  o f  f i b r i n  o f  i r r a d i a t e d  plasm a a s  e s -
tim a ted  on th e  b a s i s  o f  d e n s i to m e tr ic  sca nn ing . S in c e  th e se  g e l s  
showed a  sm all  d egree  o f  y -  y  d im e r iz a t io n  i t  may be su g g e s ted

r

F i g .  6 .  D e ns i to m etr ic  sca ns  o f  SDS p o ly a cry lam id e  g e l s  o f  reduced 
human f ib r in o g e n  ( a ) ,  red uced, c r o s s - l i n k e d  f i b r i n  p r ep a re d  from 

c o n tro l  p lasm a (b )  and from i r r a d i a t e d  plasm a a t  3 KGy ( c)
Wykresy densytom etryczne  ¿słów  poliakrylam id owych po r o z d z ia le  
zredukowanego f ibryn ogenu lu d z k ie g o  ( a ), zredukowanego włóknika 
s ta b i l iz ow a n eg o  otrzymanego z o socz a  k on tro lneg o  ( b) o ra z  z o so-

cza  naprom ienionego dawką 3 KGy ( c )
ÄeHcHTOMeTpumme rpa^HKH nojmaicphiJiaMHuHHX rejiefi nocjie pa3.ąejieHHtf 
coicpaąeHHoro �‘«•JioBeMecKoro $HÖpnHoreHa (a) , coKpanjeHHoro c iaö n-  
jiHsoBaHHoro $łi6pnHa noayueHHoro na kohtpojibhoK ruia3Mu ’vb) h H3 njia- 

3MU oOjiyneHHofi ^0300 3 KGy (o )



th a t  gamma i r r a d i a t i o n  even a t  a s  h igh  a  dose  a s  3 KGy does not 
damage F a c t o r  X H I a  nor im p air  i t s  f u n c t io n .

F i g u r e  6 shows th e  e le c t r o p h o r e t i c  p a t t e r n s  on SDS g e l s  o f  
c l o t s  formed from plasm a fo l low in g  gamma i r r a d i a t i o n .  The c l o t s  
were made by the  s im ulta n eo us  a d d i t io n  o f  ca lc ium  io n s  to  the  
p lasm a sam ples exposed t o  d ose s  o f  3 KGy. The c o n tro l  p a t te r n  
shown in  th e  same f i g u r e  i n d i c a t e s  th e  fo rm ation  o f  c r o s s - l i n k e d  
j  -  y  d im ers and a - m u l t im e r s  . Of the  thre.e c o n s t i t u e n t  c h a in s ,  
only (3 p o ly p e p tid e  remained i n t a c t  in  a l l  c a s e s .  The a b i l i t y  to  
form o t-p olym ers i s  unchanged even when th e  dose 3 KGy was ap-
p l i e d .

D isc u ss io n

In p r e s e n t  s t u d i e s  th e  fo rm at ion  o f  h ig h  m o lec u la r  weight 
a g g r e g a te s  in  th e i r r a d i a t e d  sam ples o f  f ib r in o g e n  was evidenced 
by SDS p o lya cry lam id e  g e l  e l e c t r o p h o r e s i s .  . In a d d i t io n  i t  was 
observed  t h a t  fo rm ation  o f  a g g re g a t e s  i s  i n i t i a t e d  a t ,  th e  same 
dose a s  th e  d i s ap p ea ren c e  o f  th e  Aa, cha in  in  reduced sam p les  o f  
i r r a d i a t e d  f ib r in o g e n .  Thus i t  may be sup posed th a t  th e  i r r a d i a -
t io n - in d u c e d  a g g r e g a t e s  r e p r e s en t  com plexes o f  f ib r in o g e n  mole-
c u le s  l in k e d  by A a  p o ly p e p tid e  c h a i n s .  T h is  was no t  th e  c a se  
when whole p lasm a was exposed to  gamma i r r a d i a t i o n .  P o lyp ep t id e  
com p osi tion  o f  f i b r i n  i s o l a t e d  from i r r a d i a t e d  plasm a d id  not 
show any d i f f e r e n c e s  when compared to  t h a t  o f  u n i r r a d i a t e d  p l a -
sma.

The i n i t i a l  e f f e c t  o f  gamma i r r a d i a t i o n  on c l o t t i n g  o f  p l a s -
ma f i b r i n o g e n  i s  d e te c ta b le  by throm b elastog raph y. S in c e  sam ples 
o f  th e  same plasm a were a lw ays  s u b je c te d  t o  i r r a d i a t i o n ,  a  l a r g e  
number o f  f a c t o r s  which can in f l u e n c e  th e  th rom b ela s to g rap h ic  
t r a c i n g s  were, in  the  same c o n c en tra t io n .  Hence th e  i n t e r p r e t a -
t i o n  o f  changes in  throm belas tograph y should  not be ambiguous. 
Gamma i r r a d i a t i o n  o f  b loo d  plasm a caused  th e  m o d if ic a t i o n  o f  
th rom b ela s tog rap h ic  p ara m eter s  s i m i l a r  to  t h a t  ob served  by T y -  
1 e r  [12 ] f o r  d e c re a sed  a c t i v i t y  o f  F a c t o r  X l l l a .  However, 
com plete jf' -d i m e r i z a t io n  and a lm ost com plete ot -p o ly m e r iz a t io n  
could  be observed  on po ly ac ry lam id e  g e l  e l e c t r o p h o r e s i s  when sam-



p i e s  o f  c r o s s - l i n k e d  f i b r i n  ob ta ine d  from plasm a exposed a t  3 
KGy were run ( F i g .  6 ) .  T here fore  th e se  m o d if ic a t i o n s  o f  th e  so -
l i d i t y  o f  th e  c l o t  a f t e r  i r r a d i a t i o n  cannot be ex p la in ed  by an 
i n a c t i v a t i o n  o f  F a c t o r  X l l l a .

In agreement with o th e rs  [ 5 ]  our exp er im ents  dem onstrated 
th a t  due to  th e  p rese n ce  o f  a  l a r g e  number o f  d i s u l f i d e  b r i d g e s  
the  f ib r i n o g e n  m olecule  i s  very  s e n s i t i v e  to  i r r a d i a t i o n .  However 
damaging e f f e c t  on s t r u c t u r e  and b i o l o g i c a l  a c t i v i t y  o f  f i b r i n o -
gen was much sm a l le r  when whole p lasm a i n s te a d  o f  i s o l a t e d  pro-
t e in  was i r r a d i a t e d .  I t  may s u g g e s t  t h a t  som e.plasm a components 
can somehow n o n s p e c i f l c a l l y  p r o t e c t  f ib r in o g e n  to  gamma i r r a d i a -
t i o n  e f f e c t s .  N ev e r th e le s s  in  both c a s e s  th e  g en e ra l  changes in  
m echanica l p r o p e r t i e s  o f  f i b r i n  c l o t s  were the  same. The f i b r i n  
g e l s  prod uced from i r r a d i a t e d  s u b s t r a t e s  were more t r a n sp a re n t  
and s i g n i f i c a n t l y  l e s s  r i g i d .
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WPŁYW PROMIENIOWANIA GAMMA NA FIBRYNOGEN OSOCZOWY

W p ra cy  badano wpływ prom ieniowania gamma na w ykrzepian ie  f i -  
brynogenu osoczowego. Za pomocą t r o m b o e l a s t o g r a f i i  wykryto duże 
zmiany we w łaśc iw ośc iac h  mechanicznych skrzepu  włók nika ,  o t rz y -
manego z o so c z a  krwi lub  z wyizolowanego f ib ryn ogen u, poddanych 
przed  wykrzepieniem  d z i a ł a n i u  prom ieni jo n iz u ją c y c h  ( 60Co).  Ana-
l i z a  sk ładu  pol ipeptydoweg o c z ą s t e c z k i  f ib ry nog en u, naprom ienio-
n e j  różnymi dawkami (0 -3  KGy), wykazała  stopniowy ubytek zawarto-
ś c i  łańcu ch a A a l f a .  Ta p od jed n ostk a  o k a z a ł a  s i ę  być n a j b a r d z i e j  
w rażl iw ą na d z i a ł a n i e  prom ieniowania  jo n i z u ją c e g o  i  prawdopodob-
n ie  b ez p ośred n io  b ie r z e  u d z i a ł  w a g r e g a c j i  c z ą s t ec z e k  f ib ry n o -
genu.



T a f le y m  K p a e B C K H ,  4 e c J i a B  I J e p n e B C K H  

BJIHHHHE TAMMA ORJiyMEHHH HA ITJIA3MATÎWECKMÎÎ $HEPHH0rEH

B HacTOHmeit pafioTe HccjieflOBaHO b^hhuhs raMMa oOjiy^eHHa Ha 
c E e p T U B a H H e  r u ia 3 M a T H < ie c K o r o  ( Jw O p H H o r e H a . r i0 K a 3 a H 0 ,  î t o  H a H Ô o jie e  
'l y B C T B H T e j ib H o ü  n o ^ te f lH H H U e i t  M O Jie K y jiu  $ n 6 p H H o r e H a  H a  n e f t c T B u e  h o h h -  
3 H p y » n e r o  H S J iy ^ e H H a  H B J ia e T C H  u e n b  Aot. IT p H H H M aer O H a H e n o c p e n c -  
t B e H H o e  j n i a c T H ë  b  0 0 p a 3 0 B a H H H  B u c o K O M O jie K y jw p H H x  a r p e r a T O B  b  o O j iy -  
u e H H u x  n p e n a p a T a x  $ > H 6 p H H o r e 'H a . I lo c j i e  o f i j i y q e H H a ,  $ K 6 p n H o r e H  o O p a -  
3 y e T  C r y C T O K , K O T O p O #  O M eH b O T JIH M aeT C H  M eXaH H H eC KH M H  C B O ÎÎC T B aM H  
o t  o r y c T K a  B b 3 H H K in e r o  h s  K O H T p o j ib H o r o  $ H < 5 p H H o r e H a .


