
This article was downloaded by: [Tomsk State University of Control Systems and Radio]
On: 19 February 2013, At: 11:22
Publisher: Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered
office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH, UK

Molecular Crystals and Liquid Crystals
Incorporating Nonlinear Optics
Publication details, including instructions for authors and
subscription information:
http://www.tandfonline.com/loi/gmcl17

Influence of DDAB Vesicular Structure
on the γ-Radiolysis of the Estrogen
Hormone (17α-Ethinyl-Estradiol).
Radiation Damage of the Aggregates
A. S. Domazou a & A. E. Mantaka-marketou a
a Institute of Physical Chemistry, National Research Center for
Physical Sciences “Demokritos”, 15310 Aghia Paraskevi Attikis,
Greece
Version of record first published: 22 Sep 2006.

To cite this article: A. S. Domazou & A. E. Mantaka-marketou (1990): Influence of DDAB Vesicular
Structure on the γ-Radiolysis of the Estrogen Hormone (17α-Ethinyl-Estradiol). Radiation Damage of
the Aggregates, Molecular Crystals and Liquid Crystals Incorporating Nonlinear Optics, 187:1, 309-314

To link to this article:  http://dx.doi.org/10.1080/00268949008036055

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.tandfonline.com/page/terms-and-conditions

This article may be used for research, teaching, and private study purposes. Any
substantial or systematic reproduction, redistribution, reselling, loan, sub-licensing,
systematic supply, or distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation
that the contents will be complete or accurate or up to date. The accuracy of any
instructions, formulae, and drug doses should be independently verified with primary
sources. The publisher shall not be liable for any loss, actions, claims, proceedings,
demand, or costs or damages whatsoever or howsoever caused arising directly or
indirectly in connection with or arising out of the use of this material.

http://www.tandfonline.com/loi/gmcl17
http://dx.doi.org/10.1080/00268949008036055
http://www.tandfonline.com/page/terms-and-conditions


Mol. Crysr. Liq. Crysr., 1990, vol. 187, pp. 309-314 
Reprints available directly from the publisher 
Photocopying permitted by license only 
0 1990 Gordon and Breach Science Publishers S.A. 
F'rinted in the United States of America 

INFLUENCE OF DDAB VESICULAR STRUCTURE ON THE 7-RADIO- 
LYSIS OF THE ESTROGEN HORMONE (17a -ETHINYL-ESTRADIOL). 
RADIATION DAMAGE OF THE AGGREGATES. 

A.S. DOMAZOU and A . E .  MANTAKA-MARKETOU* 
I n s t i t u t e  o f  P h y s i c a l  C h e m i s t r y ,  N a t i o n a l  R e s e a r c h  
C e n t e r  f o r  P h y s i c a l  S c i e n c e s  "Demokr i tos"  , 15310 Aghia 
P a r a s k e v i  A t t i k i s ,  Greece. 

Bbstract Using  1 7 a - E t h i n y l - E s t r a d i o l ,  a female e s t r o -  
gen hormone, t h e  e f f e c t  o f  a t y p i c a l  membrane mimetic 
a g e n t  DDAB (Didodecyldimethylammonium Bromide)  on t h e  
hormone r a d i o l y s i s  was i n v e s t i g a t e d  by c o m p e t i t i o n  
k i n e t i c s  i n  y - i r r a d i a t e d  aggregate systems. The ra te  
c o n s t a n t s  i n  t h e  v e s i c u l a r  systems were compared w i t h  
t h a t  i n  homogenous aqueous  s o l u t i o n s .  A s  d e t e c t e d  w i t h  
e l e c t r o n  mic rography ,  h i g h  r a d i a t i o n  d o s e s  above 1300 
k rad  induce  i m p o r t a n t  non- r e v e r s i b l e  damage on t h e  
v e s i c u l a r  s t r u c t u r e .  

I" 
I n  r a d i o l y s e d  systems, t h e  h i g h  e n e r g y  r a d i a t i o n  p r o d u c e s  
i o n s  which are  r a p i d l y  c o n v e r t e d  t o  s o l v a t e d  i o n s ,  eZq, 
HaOfq and f r e e  radicals  s u c h  as OH and H .  
S u r f a c t a n t  v e s i c l e s ,  o r  l i p o s o m e s ,  have been  e x t e n s i v e l y  
used  as b i o l o g i c a l  membrane mode l s .1  
R a d i o b i o l o g i s t s  are  i n t e r e s t e d  i n  u n d e r s t a n d i n g  the ac t ion  of 

r a d i a t i o n  on systems of  b i o l o g i c a l  i m p o r t a n c e  s u c h  as t h e  
biomembranes. Research  c o n t i n u e s  t o  b e  v e r y  ac t ive  
s t r u c t u r a l  and f u n c t i o n a l  q u e s t i o n s ,  employing  models  a t  a 

m o l e c u l a r  l e v e l .  
We have s t u d i e d  ea r l i e r  t h e  y - r a d i o l y s i s  o f  some e s t r o g e n  
hormones i n  homogenous aqueous  s o l u t i o n s . *  
I n  t h i s  work, u s i n g  y - i r r a d i a t i o n  and a c o m p e t i t i o n  t e c h n i -  
q u e ,  we d e t e r m i n e d  t h e  ra te  c o n s t a n t  for 1 7 a - E t h i n y l - E s t r a -  
d i o l  ( E )  w i t h  OH r a d i c a l s  i n  a Didodecyldimethylammonium 
Bromide ( D D A B )  v e s i c u l a r  s y s t e m .  We a l s o  i n v e s t i g a t e d  t h e  
r a d i a t i o n  e f f e c t  on t h e  v e s i c u l a r  s t r u c t u r e  u s i n g  t h e  d a -  
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mage a p p e a r i n g  in t h e  e l e c t r o n  m i c r o g r a p h s  a f t e r  h i g h  d o s e  
y - i r r a d i a t i o n .  

S AND DISCUSSION. 

We i r r a d i a t e d  s o n i c a t e d ,  Nz0 s a t u r a t e d ,  DDAB aqueous  ve- 
s i c u l a r  s y s t e m s  ( C D D A B I  = 10-2 M), at n a t u r a l  pH w i t h  va- 
r i o u s  hormone c o n c e n t r a t i o n s .  
The a d d i t i o n  of t h e  a p p r o p r i a t e  q u a n t i t y  of t h e  hormone was 
per formed b y  two methods ;  ( a )  b e f o r e  s o n i c a t i o n  of t h e  
DDAB s o l u t i o n ,  ( b )  a f t e r  t h e  s o n i c a t i o n .  
The two se r ies  o f  e x p e r i m e n t s  show no  i m p o r t a n t  e f f e c t  on 
t h e  OH r a d i c a l  k i n e t i c  s t u d y .  
F l u o r e s c e n c e  measurements  were n o t  a f f e c t e d  by  DDAB i n t e r -  
f e r e n c e .  
We d e m o n s t r a t e d ,  F i g .  1, t h a t  t h e r e  is a l i n e a r i t y  be tween 

F i g u r e  1. P l o t  of f l u o r e s c e n c e  i n t e n s i t y  (317 nm) of 
1 7 a - E t h i n y l - E s t r a d i o l  i n  DDAB v e s i c u l a r  systems as a 
f u n c t i o n  of i ts  c o n c e n t r a t i o n ,  n a t u r a l  pH (A,,, = 294 
nm). 

t h e  hormone f l u o r e s c e n c e  i n t e n s i t y  and its c o n c e n t r a t i o n .  
Thus, w e  c a l c u l a t e d  t h e  E s t r o g e n  d e c o m p o s i t i o n  G ( - E )  as a 
f u n c t i o n  o f  t h e  i r r a d i a t i o n  dose using fluorescence. 

Dur ing  i r r a d i a t i o n  of NzO s a t u r a t e d  aqueous  v e s i c u l a r  
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systems, OH i s  t h e  main r a d i c a l  spec ies  p r e s e n t .  
T h e  DDAB and t h e  E s t r o g e n  hormone compete f o r  OH r a d i c a l s  
and t h e  r e s u l t s  are  g i v e n  i n  F i g .  2 .  

1.2 t 

1 I I 1 
200 400 600 

ad 
0 

F i g u r e  2 .  Decomposi t ion  y i e l d s  o f  1 7 a - E t h i n y l - E s t r a -  
d i o l  as a f u n c t i o n  of  t h e  c o n c e n t r a t i o n  r a t i o  o f  t h e  
c o m p e t i t o r s  i n  DDAB v e s i c u l a r  system. p H , n a t u r a l ,  N20 
s a t u r a t e d .  

E q u a t i o n  ( 3 )  is d e r i v e d  f rom t h e  c o m p e t i t i o n  scheme o f  
equations ( 1) and ( 2 ) .  

OH + DDAB - p r o d u c t s  (1) 
OH + E s t r o g e n  4 p r o d u c t s  ( 2 )  

1 1 ~ o H + D D A B [ D D A B ]  
+ ( 3 )  - - 

1 

G ( - E ) - A  Go(-E)-A Go(-E)-A kOH+E[E] 

k o H + D D A e  and koH+x are t h e  ra te  c o n s t a n t s  o f  r e a c t i o n s  1 
and 2 r e s p e c t i v e l y  w h i l e  
[DDAB] and [ E l  a re  t h e  c o n c e n t r a t i o n s  o f  DDAB and  l 7 a - E t h i -  
n y l - E s t r a d i o l .  
G o ( - E )  is t h e  y i e l d  o f  d e c o m p o s i t i o n  o f  1 7 a - E t h i n y l - E s t r a -  
d i o l  i n  t h e  a b s e n c e  of  DDAB w h i l e  
A is t h e  e x t r a p o l a t e d  c o n s t a n t  v a l u e  o f  G ( - E )  a t  “ i n f i n i t e “  
DDAB c o n c e n t r a t i o n ,  c a l c u l a t e d  from F i g .  2 .  
Tak ing  i n t o  a c c o u n t  t h e  f i n a l  c o m p e t i t i o n  e q u a t i o n  ( 3 )  and 
t h e  e x p e r i m e n t a l  d a t a  o f  F i g .  2 ,  w e  o b t a i n  F i g .  3 .  
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0 100 200 
[DDAB] 

[El 

F i g u r e ' 3 .  P l o t  o f  c o m p e t i t i o n  e q u a t i o n  (3) as a f u n -  
c t i o n  of  t h e  c o n c e n t r a t i o n  r a t i o  o f  t h e  c o m p e t i t o r s  i n t h e  
v e s i c u l a r  DDAB system. p H m a t u r a l ,  Nz0 s a t u r a t e d .  

From t h i s  f i g u r e  and t a k i n g  a l s o  i n t o  a c c o u n t  t h a t  kon+DDAB 
= 5.67 X 10' M-l S-lS3 we c a l c u l a t e d  koH+B = 3.61 x 108 
M-1 s-1. 
The e x p e r i m e n t a l  p o i n t s  o f  F i g .  2 were o b t a i n e d  f rom 
v e s i c u l a r  s y s t e m s  where t h e  hormone was added a f t e r  sample 
son  i ca t  i o n .  
The same e x p e r i m e n t a l  p r o c e d u r e  was f o l l o w e d  f o r  samples 
where t h e  hormone was p r e s e n t  d u r i n g  t h e  s o n i c a t i o n  and a 
ra te  c o n s t a n t  kon+x = 2 . 2 8  x 108 M - 1  s-1 was c a l c u l a t e d ,  
which is v e r y  similar w i t h  t h e  p r e v i o u s l y  d e t e r m i n e d  value. 

A f t e r  compar ison  of  t h e s e  two ra te  c o n s t a n t s  w i t h  t h a t  
found i n  homogenous aqueous  s o l u t i o n s  (koH+B = 5.98 x 108 
M - 1  s-1I4, we can c o n c l u d e  t h a t  t h e r e  is no i m p o r t a n t  
e f f e c t  on t h e  r a t e  c o n s t a n t s  d u e  t o  t h e  v e s i c u l a r  system 
i r r e s p e c t i v e  of t h e  p r e p a r a t i o n  p r o c e d u r e .  
F i n a l l y ,  we s t u d i e d  t h e  damage produced  by y - r a d i a t i o n  on 
t h e  form o f  t h e  DDAB v e s i c l e s .  We i r r a d i a t e d  samples of  t h e  
DDAB s o n i c a t e d  v e s i c u l a r  system, Nz0 s a t u r a t e d ,  w i t h  d o s e s  
of 1360 k r a d .  After  an  a p p r o p r i a t e  preparat ion of  t h e  

(s ta ining,  dry ing  under appropriate  conditions, e tc . )  sample 
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e l e c t r o n  m i c r o g r a p h s  were t a k e n ,  F i g .  4a. A f t e r  compar i son  

1 8  
I I 

1 8  
I I 

F i g u r e  4 .  E l e c t r o n  mic rograph  of v e s i c u l a r  aggregates 
( u s i n g  u r a n y l  ace ta te  as d y e )  (a) i r r a d i a t e d  w i t h  1360 
k r a d  (Nz0 s a t u r a t e d )  and ( b )  u n i r r a d i a t e d .  

w i t h  micrographs of u n i r r a d i a t e d  samples, F ig .  4b ,  w e  can 

c o n c l u d e  t h a t  t h e r e  is  an o b v i o u s  m o d i f i c a t i o n  o f  t h e  
morphology o f  t h e  i r r a d i a t e d  v e s i c l e s ,  w i t h o u t  i m p o r t a n t  
changes  of  t h e i r  s i z e .  
The i r r e g u l a r i t i e s  ( c a v i t i e s )  in  t h e  p o l a r  s u r f a c e  are t h e  
r e s u l t  o f  t h e  damage produced  by  t h e  r e a c t i o n  of  OH and H 
r a d i c a l s  on t h e  DDAB m o l e c u l e s .  U s u a l l y  t h e  a b s t r a c t i o n  of 
an H a t o m  from a C-H bond,  t h e  C-C bond r u p t u r e  and t h e  re- 
a c t i o n  w i t h  t h e  c o u n t e r i o n s  o f  t h e  v e s i c u l a r  s t r u c t u r e  are  
t h e  causes o f  a l t e r a t i o n  o f  t h e  i n t r a - m o l e c u l a r  f o r c e s .  
T h i s  is t h e  case f o r  F i g .  4 b  where water m o l e c u l e s  e n t e r  
t h e  b i l a y e r  p r o d u c i n g  a n o m a l i e s  i n  t h e  s m e c t i c i t y  of t h e  
v e s i c l e s .  

EXPERIMENTAL 

Didodecyldimethylammonium Bromide ( D D A B )  was p r e p a r e d  and 
p u r i f i e d  as d e s c r i b e d  e l s e w h e r e . n . 8  
1 7 a - E t h i n y l - E s t r a d i o l  ( E l ,  was o b t a i n e d  f rom Merck, b i o -  
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chemica l  p u r i t y .  
Vesicles  were p r e p a r e d  by t h e  s o n i c a t i o n  method (MSE s o n i -  
c a t o r ,  30 min)  and t h e n  e x t r u d e d  t h r o u g h  0 . 2  w m  c e l l u l o s e  
n i t r a t e  f i l t e r s  ( S a r t o r i u s ) .  
1 7 a - E t h i n y l - E s t r a d i o l  was added (a) b e f o r e  o r  ( b )  a f t e r  t h e  
s o n i c a t i o n  of  DDAB s o l u t i o n s .  I n  b o t h  cases t h e  E s t r o g e n -  
DDAB v e s i c u l a r  system was i n c u b a t e d  f o r  20 h a t  440 C .  
Be fo re  i r r a d i a t i o n  a l l  samples were d e a e r a t e d  by flushing with 

N20, sc rubbed  w i t h  V*+.  T r i p l y  d i s t i l l e d  water was used  i n  
a l l  cases. 
I r r a d i a t i o n s  were c a r r i e d  o u t  i n  a eoCo Gammacell 200 a t  a 
dose  r a t e  of ca. 450 rad min-1. 
Hydroxyl r a d i c a l  r e a c t i v i t y  d a t a  were o b t a i n e d  by a compe- 
t i t i o n  t e c h n i q u e ,  where DDAB and 1 7 a - E t h i n y l - E s t r a d i o l  
compete f o r  OH r a d i c a l s .  The E s t r o g e n  decompos i t ion  was 
fo l lowed  from measurements  of  i ts f l u o r e s c e n c e  i n t e n s i t y  a t  
317 nm ( X P X ~  = 294 nm). 
The a b s o r p t i o n  spec t r a  were r e c o r d e d  on a Perkin-Elmer  551 
s p e c t r o p h o t o m e t e r ,  w h i l e  f l u o r e s c e n c e  spectra on an Aminco- 
Bowman spectrophotofluorometer. 
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