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A C T I V A T I O N  ENERGIES FOR THE LONGITUDINAL RELAXATION RATES OF 
THE WATER I N  NORMAL AND NEOPLASTIC LUNG 

Key words: l u n g  tumors,  TI r e l a x a t i o n  t i m e s ,  wa te r  i n  

b i o l o g i c a l  samples. 
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ABSTRACT 

V a r i a b l e  t e m p e r a t u r e  wa te r  TI r e l a x a t i o n  t i m e s  have been 

measured on some normal and n e o p l a s t i c  human l u n g  t i s s u e s .  The 

c o r r e s p o n d i n g  a c t i v a t i o n  e n e r g i e s  have been d e r i v e d  and a s h o r t  

d i s c u s s i o n  o f  t h e  e x p e r i m e n t a l  r e s u l t s  i s  g i v e n .  

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

I n  a p r e v i o u s  work ( 1 )  we have d e s c r i b e d  a c o r r e l a t i o n  

between t i s s u t a l  water  TI and t h e  h y s t o l o g i c a l  t y p e  o f  t umors  

i n  human l u n g  t i s s u e s .  We have shown how, i n  l u n g  e p i d e r m o i d  
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COLETTA ET AL. 050 

c a r c  

neop 

noma, t h e  wa te r  TI 

asm. As a l r e a d y  found  i n  d i f f e r e n t  l i v i n g  t i s s u e s  ( 2 ) ( 3 ) :  

i n c r e a s e s  w i t h  t h e  ma1 ignancy o f  t h e  

T t u m o r a l  t i s s u e  > TI norma I t i s s u e  
1 

has been demons t ra ted  t o  be v a l i d  a l s o  i n  t h i s  case.  T h i s  t r e n d  

i s  s u b j e c t e d  t o  an open and c o n t r o v e r s i a l  q u e s t i o n ,  p r e s e n t  i n  

l i t e r a t u r e ,  and i s  r e l a t e d  t o  t h e  p r o b a b l e  o r i g i n  o f  t h e  wa te r  

T1 i n c r e a s e s  i n  t u m o r a l  samples, w i t h  r e g a r d  t o  normal ones. 

Wh i le  some Au tho rs  ( 2 )  acknowledge t h e  i n c r e a s e d  wa te r  

c o n t e n t ,  o t h e r s  ( 3 )  ev idence  a s t r u c t u r a l  d i f f e r e n c e  o f  t h e  

water  i n  normal and t u m o r a l  samples 

M A T E R I A L S  AND METHODS 

Samples o f  l u n g  a f f e c t e d  by c a r c  noma e p i d e r m o i d  tumors  were 

o b t a i n e d  f rom f r e s h l y  s u r g e r e d  p a t i e n t s .  Ad iacen t  p o r t i o n s  o f  

normal t i s s u e s  were a l s o  r e c o v e r e d .  

C a p i l l a r i e s  (8 = 1 .5  mm) f i l l e d  w i t h  b o t h  k i n d s  o f  t i s s u e s  

were adap ted  t o  normal NMR 5 mm tubes ,  c o n t a i n i n g  CD30D f o r  

d e u t e r i u m  l o c k .  The s p e c t r a  were r e c o r d e d  on a B r u k e r  WPROSY 

spec t romete r  a t  t h e  f r e q u e n c y  o f  80.13 MHz,  u s i n g  a sweep w i d t h  

o f  1000 Hz and 30 K o f  memory. The T1's were d e t e r m i n e d  by I . R .  

method and a minimum o f  20 p o i n t s  were c o l  l e c t e d  f o r  each 

measurement. The e x p e r i m e n t a l  d a t a  were a n a l y z e d  by 3 

pa ramete rs  non l i n e a r  r e g r e s s i o n  d i r e c t l y  on t h e  computer .  The 

v a r i a b l e  t e m p e r a t u r e  measurement were p e r f o r m e d  i n  t h e  i n t e r v a l  

299-330'K i n  5 degrees s t e p s .  

A vacuum connec ted  v a r i a b l e  t e m p e r a t u r e  d e s s i c a t o r  f i x e d  a t  

70" was used f o r  t h e  t o t a l  wa te r  w e i g h t  d e t e r m i n a t i o n .  

The e a s i l y  removable wa te r  was d e t e r m i n e d  by  s u c c e s s i v e  t i m e  

w e i g h t i n g  o f  t h e  samples, s u b j e c t e d  t o  t h e  a i r  s t ream warmed a t  

30°C. up t o  c o n s t a n t  w e i g h t .  
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ACTIVATION ENERGIES FOR THE LONGITUDINAL RELAXATION RATES OF WATER 059 

RESULTS AND D I S C U S S I O N  

I n  t h i s  s h o r t  no te ,  t h e  a im o f  wh ich  i s  t o  c o l l e c t  more 

e x p e r i m e n t a l  i n f o r m a t i o n s  about  t h e  o r i g i n  o f  t h e  wa te r  

d i f f e r e n c e s  i n  b o t h  k i n d s  o f  t i s s u e s ,  we have measured t h e  

b e h a v i o u r  o f  t h e  wa te r  TI w i t h  t h e  m o d i f i c a t i o n  o f  t h e  

t e m p e r a t u r e  i n  t h e  i n t e r v a l  o f  299-330" K, e i t h e r  f o r  

d i s t i  I l ed ,  b u t  undegassed, p u r e  w a t e r  and f o r  a number o f  

samples o f  normal and t u m o r a l  l u n g  t i s s u e s ,  a l l  a f f e c t e d  by  

e p i d e r m o i d  ca rc inoma.  
- 1  

From t h e  I i n e a r  p l o t  o f  T,  v e r s u s  t e m p e r a t u r e  we have 

c a l c u l a t e d  t h e  a c t i v a t i o n  e n e r g i e s  o f  t h e  p r o c e s s e s  i n v o l v e d  i n  

t h e  wa te r  l o n g i t u d i n a l  r e l a x a t i o n  t i m e  i n  t h e  d i f f e r e n t  

samp I es.  

A l l  t h e  d a t a  a r e  r e p o r t e d  i n  t a b l e  I .  

Bes ides  t h e  TI v a l u e s  and t h e  a c t i v a t i o n  a n e r g i e s ,  t h e  t a b l e  

I a l s o  r e p o r t s  t h e  t o t a l  wa te r  c o n t e n t  o b t a i n e d  by  w e i g h t i n g  

t h e  samples b e f o r e  and a f t e r  a p r o l o n g e d  d r y i n g  t r e a t m e n t  i n  a 

vacuum a t  70°C. 

Fu r the rmore ,  a f t e r  t h e  o b s e r v a t i o n  t h a t  t h e  t u m o r a l  l u n g  

t i s s u e s  appear l i k e  a mudd, w h i l e  t h e  normal ones p r e s e n t  an 

e l a s t i c  and .compact s t r u c t u r e ,  u n i f o r m  wa t ted ,  we have 

approxymate l y  e x t i m a t e d  t h e  f r a c t i o n  o f  e a s i l y  removable wa te r  

by g e n t l y  b l o w i n g  t h e  samples w i t h  a t i n y  j e t  o f  d r y  a i r ,  a t  

t h e  t e m p e r a t u r e  o f  3 O o C ,  t o  o b t a i n  a p p a r e n t l y  d r y  t i s s u e s .  

By compar ing  t h e  we igh t  o f  t h e  samples, a f t e r  t h i s  g e n t l e  

t r e a t m e n t ,  w i t h  t h a t  o b t a i n e d  t h r o u g h  t h e  h i g h e r  t e m p e r a t u r e  

t r e a t m e n t ,  t h e  f r a c t i o n s  o f  e a s i l y  removable wa te r  a r e  t h u s  

a p p r o x i m a t e l y  de te rm ined .  These f r a c t i o n s  a r e  a l s o  r e p o r t e d  i n  

t h e  l a s t  column o f  t h e  Tab le  I .  

From t h e  r e s u l t s  r e p o r t e d  i n  t h e  t a b l e  I t h e  f o l l o w i n g  

c o n s i d e r a t i o n s  a r e  made. 

I n  a l l  samples t h e  wa te r  TI i n c r e a s e s  i n  t h e  c o r r e c t  way 

f r o m  normal t o  tumora l  t i s s u e s ,  w h i l e  t h e  a c t i v a t i o n  e n e r g i e s  
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ACTIVATION ENERGIES FOR THE LONGITUDINAL RELAXATION RATES OF WATER 861 

( E  ) f o l l o w  t h e  success ion :  

EA(pu re  w a t e r )  2 E A  ( w a t e r  

normal  t i s s u e )  

i n  t u m o r a l  t i s s u e )  7 E A ( w a t e r  i n  

The c l o s e  resemblance o f  t h e  a c t i v a t i o n  energy  o f  t h e  w a t e r  

i n  i t  p u r e  undergassed s t a t e  w i t h  t h a t  o f  t h e  t u m o r a l  t i s s u e  i s  

q u i t e  s u r p r i s i n g ,  c o n s i d e r i n g  t h e  n o t i c e a b l e  d i f f e r e n c e  i n  t h e  

r e s p e c t i v e  T1 v a l u e s .  

For u l t r a  p u r e  and degassed wa te r ,  s e v e r a l  a c c u r a t e  

a r e  r e p o r t e d  i n  l i t e r a t u r e  (4)(5). 

I n  d i f f e r e n t  magne t i c  f i e l d s  and i n  t h e  i n t e r v a l  o f  

t e m p e r a t u r e  f r o m  0 t o  100°C, v a l u e s  of T 1  v a r y i n g  between 3 . 3 7  

- 3 . 5 7  sec a r e  r e p o r t e d  w i t h  a c t i v a t i o n ,  ene rgy  o f  1 5 . 7  KJ 

moI (4). 

measurements o f  T 1  and o f  E 

- 1  

The c o n c l u s i o n  g i v e n  by  K r y c k n i c k y  ( 5 )  a r e  t h a t  t h e  u l t r a  

p u r e  and degassed wa te r  e x i s t s  as a d i s t r i b u t i o n  o f  m o l e c u l a r  

agg rega tes  ( H  0) w i t h  0 1  n I 4  hyd rogen  bonds. 
2 n  

The undegassed b u t  d i s t i  I l e d  w a t e r ,  a s  measured by  us,  has  

b o t h  T1  and E lower ,  i n  t h e  e x t e n t  o f  28%, r e s p e c t  t o  t h e  

u l t r a  p u r e  degassed wa te r .  

W h i l e  t h e  f a l l  o f  TI i s  e a s i l y  u n d e r s t o o d  w i t h  t h e  p resence  

o f  d i s s o l v e d  pa ramagne t i c  0 and o t h e r  i ons ,  t h e  dec rease  i n  

a c t i v a t i o n  energy may be a s c r i b e d  t o  t h e  d i s t r u p t i o n  o f  t h e  

h i g h e r  c o o r d i n a t e  water  a g g r e g a t e s  by d i s s o l v e d  subs tances  l i k e  

s a l t s .  

2 

We b e l i e v e  t h a t  t h e  c l o s e  s i m i l a r i t y  between t h e  a c t i v a t i o n  

e n e r g i e s  i n  p u r e  water  and i n  t u m o r a l  t i s s u e ,  t h e  d i f f e r e n c e  i n  

t h e  r e s p e c t i v e  T 1 ,  and t h e  c o m p l e t e l y  d i f f e r e n t  v a l u e s  o f  b o t h  

pa ramete rs  i n  normal t i s s u e s ,  may have t h e i r  o r i g i n  i n  t h e  

wa te r  d i s t r i b u t i o n  and b i n d i n g  a t  t h e  i n n e r - o u t e r  t i s s u e  c e l l s  

s u r f a c e .  

The wa te r  p o p u l a t i o n  i n t e r a c t i n g  s t r o n g l y  w i t h  t h e  t u m o r a l  

t i s s u e  has been e s t i m a t e d  t o  be a v e r y  low f r a c t i o n  o f  t h e  

t o t a l  t i s s u e  c o n t e n t ,  r o u g h l y  o f  t h e  o r d e r  o f  0 . 1  ( s e e  Tab le  
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862 COLETTA ET AL. 

I ) .  Consequent ly  t h e  a c t i v a t i o n  energy  o f  t h e  wa te r  i n  t h e  

n a t i v e  t u m o r a l  sample w i l l  be m a i n l y  t h a t  o f  t h e  l o o s e l y  bound 

wa te r .  

On t h e  c o n t r a r y ,  t h e  c o n t e n t  o f  e a s i l y  removable wa te r  i n  

normal t i s s u e  i s  e s t i m a t e d , b y  t h e  same c o n s i d e r a t i o n s  o u t l i n e d  

above, t o  be a r e l a t i v e l y  low f r a c t i o n  o f  t h e  t o t a l  wa te r  

c o n t e n t ,  about  0 .2 ( see  t a b l e  I ) .  The a c t i v a t i o n  energy,  i n  

t h i s  l a s t  case, w i l l  be t h e n  m a i n l y  d e t e r m i n e d  by  t h e  wa te r  

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

We may t h e n  d e r i v e  t h a t  e i t h e r  i n  t u m o r a l  and normal  cases 

t h e  wa te r  f r a c t i o n  i n t e r a c t i n g  w i t h  t h e  t i s s u e  s u r f a c e  would 

have an a c t i v a t i o n  energy o f  t h e  o r d e r  o f  5%6KJ mol , compared 

t o  t h e  12 KJ m o l - l ,  o b t a i n e d  f o r  t h e  p u r e  wa te r .  

- 1  

These p r e l i m i n a r  r e s u l t s  t h u s  s u p p o r t  t h e  o p i n i o n  t h a t  a 

c o n s i s t e n t  c o n t r i b u t i o n  t o  t h e  T1  d i f f e r e n c e  between normal  and 

n e o p l a s t i c  l u n g  t i s s u e  may r e s u l t  f r o m  t h e  wa te r  s t r u c t u r a t i o n  

a t  t h e  t i s s u e  frame, t o g e t h e r  w i t h  f a c t o r s  due t o  t h e  t o t a l  

water  c o n t e n t  d i f f e r e n c e  ( 2 )  and p resence  o f  s a l t s  i n  d i f f e r e n t  

c o n c e n t r a t i o n  ( 6 ) .  
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