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Thiamine and its Mono-,  Di- ,  and Triphosphoric 
Esters Content of Normal  Rat Tissues  

U p  to  t h e p r e s e n t ,  no  m e t h o d s  h a v e  b e e n  descr ibed  for 
t h e  s e p a r a t i o n  a n d  d e t e r m i n a t i o n  of T h i a m i n e  x a n d  i ts  
p h o s p h o r i c  es te rs  in  a n i m a l  t i s sues  (pa r t i cu l a r ly  T T P  re- 
c e n t l y  d e t e c t e d  in  l iver  ~, a n d  in  k i d n e y s  a n d  b r a i n  • of 
ra t s ) .  

Riassunto 

L ' u s o  di  u n  n u o v o  m e t o d o  c r o m a t o g r a f i c o  p e r  la  s epa ra -  
z ione  de l la  T i a m i n a  e dei  suoi  es te r i  mono,  di, e t r i fosfo-  
r ico nei  t e s su t i  a n i m a l i  h a  pe rmesso  di  def in i te ,  pe r  la  
p r i m a  v o l t a  in  t e r m i n i  q u a n t i t a t i v i ,  la p r e senza  del  t r i fos-  
In to  ne i  t e s su t i  stessi .  L ' o r g a n o  pifi r icco di ques to  es te re  

il Iegato ,  segu i to  da l  cuore,  da l  r ene  e da l  cervel lo  nel-  
l ' o rd ine .  

Content of T, TMP, TDP, and TTP in some rat tissues (mean 4- s. e.) 

Compound 

Thiamine 
Thiamine monophosphate  
Thiamine diphosphate  
Thiamine t r iphosphate  

Brain (5) 

ptg/g 

0-11 -t- 0.08 
0-30 ± 0.09 
2.61-I- 0.15 
0-19 + 0.03 

i % 
4-4 

11-5 
78.9 

5-0 

Liver (6) 

ptg/g 

0-24 ± 0.01 
0-66 ± 0.01 
6.81 ± 0.44 
0-92 z[= 0.13 

1 %  
3.5 
9.4 

77.9 
9.0 

Heart (5) 

F-g/g 

0-16 ± 0-02 
0.41 4- 0.05 
7.44 4- 0.44 
0.57 q- 0.04 

1 %  

2"3 
5"9 

86"0 
5'6 

Kidney (7) 

~g/g [ 

I 
0-22 4- 0-02 
0-35 4- 0.06 
3-47 ~ 0.13 
0.27 :k 0.01 

% 

6.2 
9.8 
8.6 
5.2 

( ): Number of determinations; % :T, as percentage of total T found in the tissue. 

On  t h e  bas is  of a p r ev ious  research*,  i n  w h i c h  t h e  ana -  
ly t i ca l  c o n d i t i o n s  n e c e s s a r y  for  t h e  c h r o m a t o g r a p h i c  se- 
p a r a t i o n  a n d  t h e  e s t i m a t i o n  of T, T M P ,  T D P  a n d  T T P  
in  p u r e  so lu t ions  were  descr ibed ,  we h a v e  w o r k e d  o u t  a 
q u a n t i t a t i v e  m e t h o d  for  t h e i r  e s t i m a t i o n  i n  a n i m a l  t is-  
sues.  T h e  p r inc ip le  of t h i s  m e t h o d  c a n  be  s u m m a r i z e d  as  
follows : 

The  t i s sue  is h o m o g e n i z e d  in cold 5 %  TCA. T he  ex- 
t r ac t ,  free f rom pro te ins ,  is a d j u s t e d  to  p H  6.7-6.8  w i t h  
4 0 %  N a O H ,  a n d  pas sed  t h r o u g h  a cha rcoa l  co lumn,  pre-  
p a r e d  acco rd ing  to  SILIPRANDI a n d  SILIPRANDI 5. A f t e r  
w a s h i n g  w i t h  H~O, a n  e lu t ion  w i t h  60-70  ml  of 10% n-  
p r o p a n o l  is ca r r i ed  on t .  T h e  e lua t e  is c o n c e n t r a t e d  to  
a b o u t  5 m l  in  a R i n c o  r o t a t i n g  e v a p o r a t o r  a t  25-30°C,  
u n d e r  v a c u u m .  T h e  c o n c e n t r a t e  a n d  w a s h i n g s  (15 ml), 
a f t e r  a d d i t i o n  of 0.8 m l  0.1 N HC1, are  c h r o m a t o g r a p h i e d  
on  Dowex  1, × 8, a c e t a t e  form,  co lumn,  size 8 × 25 ram,  
a n d  w a s h e d  w i t h  10 m l  of H20 .  T h e  p e r c o l a t e  a n d  wash -  
ings  are  col lec ted  in  a 25 m l  v o l u m e t r i c  f lask  a n d  t h e  T 
a n d  T M P  c o n t e n t  is e s t i m a t e d  b y  d i f fe rence  before  a n d  
a f t e r  T a k a d i a s t a s e  d iges t ion  ( T h i o c h r o m e  m e t h o d  6). T he  
T D P  is e lu t ed  f rom t h e  r e s in  c o l u m n  b y  m e a n s  of  20 ml  
of  0:02 M s o d i u m  a c e t a t e  so lu t ion  in 0-04 M ace t ic  
acid.  T T P  is e lu ted  l a s t  w i t h  20 ml  of M a c e t a t e  buf fe r  
a t  p H  4.5. A f t e r  T a k a d i a s t a s e  hydro lys i s ,  t h e  T D P  con-  
t e n t  is d e t e r m i n e d  d i rec t ly  in  t h e  e lu ted  so lu t ion ,  a n d  t h e  
T T P  c o n t e n t  a f t e r  pe r co l a t i on  t h r o u g h  A m b e r l i t e  I R C  50, 
bu f f e r ed  a t  p H  4-5 L 

W i t h  t h i s  m e t h o d  t h e  r e c o v e r y  of t h e  e x t r a c t e d  T-  
c o m p o u n d s  is a b o u t  9 5 %  w i t h  good r ep roduc ib i l i t y .  A 
series of d e t e r m i n a t i o n s  ca r r ied  o u t  on  r a t  t i ssues  h a v e  
g i v e n  t h e  r e su l t s  r e p o r t e d  in  t h e  Table .  

As c a n  be  seen,  al l  t h e  t i s sues  e x a m i n e d  c o n t a i n  smal l  
a m o u n t s  of T M P  a n d  T T P ,  t h e  b iochemica l  s igni f icance  
of w h i c h  is s t i l l  t o  b e  e luc ida ted .  T h e  o r g a n  r i ches t  in  T T P  
is t h e  l iver ,  fol lowed b y  t h e  h e a r t ,  k idney ,  a n d  b ra in .  
H o w e v e r .  b y  fa r  t h e  m o s t  a b u n d a n t  T c o m p o u n d  ( a b o u t  
80% of t h e  t o t a l  T) is T D P .  
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Synthesis at High Pressure and Lattice 
Constants of Normal  Cupric Carbonate 

N o r m a l  cupr ic  c a r b o n a t e ,  CuCOa, h a s  n o t  p r e v i o u s l y  
b e e n  p r e p a r e d ,  a l t h o u g h  a n u m b e r  of bas ic  c a r b o n a t e s  
ex is t ,  of  w h i c h  m a l a c h i t e ,  CuCO 3 • C n ( O H ) v  a n d  azur i t e ,  
Cu(OH)2 • 2 CuCOa, a re  t h e  be s t  known .  

A t t e m p t s  were  m a d e  to  p r e p a r e  CuCOa b y  s u b j e c t i n g  
d r y  cupr ic  ox ide  to CO2-pressures of u p  to  5000 b a r s  a n d  
t e m p e r a t u r e s  r a n g i n g  f rom 100°C to  600°C in  a h y d r o -  
s t a t i c  b o m b  w h i c h  is desc r ibed  e l sewhere  1. No r e a c t i o n  
t o o k  place.  

S u b s e q u e n t l y  a f ine ly  g r o u n d  e q u i m o l a r  m i x t u r e  of 
a n h y d r o u s  s o d i u m  c a r b o n a t e  a n d  cup r i c  s u l p h a t e  was  sub-  
j e c t e d  to  a p ressu re  of 20000  b a r s  a n d  a t e m p e r a t u r e  of 
550°C in  t h e  ' s imple  squeeze r '  h i g h - p r e s s u r e  a p p a r a t u s  
deve loped  b y  GRIGGS a n d  KENNEDY 2. A f t e r  1 h u n d e r  
t he se  c o n d i t i o n s  t h e  s a m p l e  was  q u e n c h e d  a t  pressure .  
A n  X - r a y  p o w d e r  d i f f r ac t i on  e x a m i n a t i o n  of t h e  p r o d u c t s  
showed ,  in  a d d i t i o n  to  t h e  k n o w n  p a t t e r n s  of CuSO, ,  
Na~COa a n d  Na2SO ,, a s m a l l  n u m b e r  of w e a k  l ines  w h i c h  
cou ld  be  a sc r ibed  t o  a r h o m b o h e d r a l  l a t t i ce  w i t h  n e a r l y  
t h e  s ame  d i m e n s i o n s  as  s ider i te  s , The  s a m e  b u t  w e a k e r  

1 H. H~ARD, to be published. 
2 D.T. GRIOGS and G. C. K~NNEDV, Amer. J. Sci. 25~, 722 (1956). 
a W. E. SHARP, Amer. Mineralogist, 45, 24 (1960). 
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l ines  a p p e a r e d  on  e x a m i n a t i o n  of t h e  p r o d u c t s  w h e n  pre-  
c i p i t a t e d  bas ic  cupr ic  c a r b o n a t e  w a s  s u b j e c t e d  to  18000 
b a r s  a n d  550°C in  t h e  ' s imple  squeezer ' .  

E v e n t u a l l y  p r e c i p i t a t e d  bas ic  cupr i c  c a r b o n a t e  was  in-  
t r o d u c e d  i n to  a low-pressure  h y d r o t h e r m a l  b o m b  a n d  sub-  
j ec ted  to  500 b a r s  t o t a l  p ressu re  (CO2 p a r t i a l  p ressure  = 
450 bars ,  H 2 0  p a r t i a l  p ressu re  = 50 bars)  a t  180°C for  
36 h. The  bu lk  of t he  p r o d u c t s  was  wel l -c rys ta l l i zed  ma la -  
chi te ,  b u t  a sma l l  yield of t h e  r h o m b o h e d r a l  s u b s t a n c e  was 
also ob t a ined .  

T h e  y ie ld  was  b e t t e r  t h a n  before,  a n d  t h e  d i f f r ac t i on  
l ines were r e a s o n a b l y  s t rong .  I t  p r o v e d  to  be  q u i t e  s imp le  
to  s u b t r a c t  t h e  k n o w n  l ines  of m a l a c h i t e  f rom t h e  p a t t e r n .  
I n  on ly  one  case was  i t  n e c e s s a r y  to  e s t i m a t e  t h e  i n t e n s i t y  
of a l ine f rom t h e  ear l ie r  p a t t e r n s .  

The  X - r a y  p o w d e r  d i f f r ac t ion  p a t t e r n  a t  25°C was  ob-  
t a i n e d  b y  m e a n s  of a Nore lco  h i g h  angle  r eco rd ing  dif f rac-  
t o m e t e r ,  us ing  C u K e  r a d i a t i o n  (~L = 1-5418 ]~) a n d  a Ni  
f i l ter .  T h e  r e su l t s  a re  g iven  in  t h e  Tab le .  

I t  was  found  t h a t  t h e  p r e s u m e d  CuCO,  c rys ta l l izes  in  
t h e  r h o m b o h e d r a l  sy s t em.  S y s t e m a t i c  e x t i n c t i o n s  a p p e a r -  
ed to  be  t h e  s a m e  as  for  calci te ,  a n d  i t  is c o n s e q u e n t l y  
a s s u m e d  t h a t  t h e  space  g roup  is also t h e  same,  viz. R ~c .  

T h e  h e x a g o n a l  un i t -ce l l  d i m e n s i o n s  a t  25°C, o b t a i n e d  
b y  leas t - squares ,  a re :  

a o = 4"796 :k .005 
c 0 =  15-48 =k -01 A, 

y ie ld ing  a n  ax ia l  r a t i o  
cola o = 3-227. 

T h e  d i m e n s i o n s  of t h e  c o r r e s p o n d i n g  r h o m b o h e d r a l  
un i t -ce l l  a re :  = 5 .856 /k  ¢trh 

= 48 ° 11'. 

These  d i m e n s i o n s  a re  well  w i t h i n  t h e  r a n g e  cove red  b y  
t h e  o t h e r  r h o m b o h e d r a l  c a r b o n a t e s .  W h i l e  i t  c a n n o t  be  
s t a t e d  w i t h  a b s o l u t e  c e r t a i n t y  t h a t  t h e  p r e s e n t  c o m p o u n d  
is a c t u a l l y  CuCO v t h e  X - r a y  ev idence  is s t r o n g l y  in  fa- 
v o u r  of t h i s  be ing  t h e  case.  

The  s t a b i l i t y  of t h i s  c o m p o u n d  is e v i d e n t l y  d e p e n d e n t  
n o t  on ly  on  t h e  CO2-pressure a n d  t h e  t e m p e r a t u r e ,  b u t  
also o n  t he  p a r t i a l  H20-p re s su re .  I t  would  seem t h a t  a 
CO~-pressure w h i c h  is r a t h e r  h i g h  in c o m p a r i s o n  w i t h  t h e  
H~O-pressure  is neces sa ry  for  i t s  s t ab i l i t y ,  a n d  t h i s  m i g h t  
e x p l a i n  w h y  i t  is n o t  f o u n d  in  n a t u r e .  

A s s u m i n g  a r h o m b o h e d r a l  Unit-cel l  c o n t a i n i n g  2 mole-  
cules, t h e  ca l cu l a t ed  d e n s i t y  of CuCO~ is 3.99 g / cm a a t  
25°C. Th i s  v a l u e  is n o t  d e p e n d e n t  on  t h e  cond i t i ons  of 
fo rma t ion ,  as seems to  be t h e  case  for  NiCO~ 4. 

Powder data 

dobs. in A dcazc, in A hk • l I00I]I o 

3.654 
2.819 
2.390 
2.161 
1.758 
1'538 
1.451 

3.659 
2-831 
2-398 
2-t74 
1-757 
1-539 
1-451 

01-2 
10.4 
11.0 
11.3 
11-6 
12-2 
10.10 

35 
100 

30 
30 
25 
30 
20 
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Zusammen[as sung  

I n  A n w e s e n h e i t  yon  M a l a c h i t  w u r d e  k r i s t a l t ines  CuCO a 
d u r c h  B e h a n d l u n g  des  b a s i s c h e n  K a r b o n a t e s  u n t e r  450 
b a r  CO2-Druck  u n d  be i  180~C g e w o n n e n .  Die  r h o m b o -  
edr i sche  E inhe i t sze l l e  ( R a u m g r u p p e  R3c) besltz± die fol- 
g e n d e n  D i m e n s i o n e n :  

arh = 5,856 A;  ~ = 48 ° 11'. 

J,  GOLDSMITH, oral communication. 
s On leave from the National Physical Research Laboratory, 

Council for Scientific and Industrial Research, Pretoria (Transvaal, 
Union of South Africa). 

Nucle i c  Acid Content  in M o u s e  E p i d e r m i s  
Separated  f r o m  D e r m i s  by  Different  M e t h o d s  

I n  va r i ous  b iochemica l  i n v e s t i g a t i o n s  of t h e  skin,  i t  is 
essen t ia l  to  o b t a i n  d a t a  s e p a r a t e l y  for t h e  ep ide rmis  a n d  
t he  dermis .  Th i s  is especia l ly  i m p o r t a n t  w h e n  pa tho log i ca l  
processes  (e. g. t h e  carc inogenes is )  a re  b e i n g  s tud ied .  I n  
s u c h  cases,  t h e  i n t e r p r e t a t i o n  of t h e  d a t a  is d i f f icu l t  a n d  
o f t e n  imposs ib le  if  t h e y  re fe r  to  t h e  whole  skin.  T h a t  is 
w h y  d i f f e r en t  m e t h o d s  for  s e p a r a t i o n  of t h e  ep ide rmi s  
f r o m  t h e  d e r m i s  h a v e  b e e n  p r o p o s e d :  phys i ca l  p r o c e d u r e s -  
h i g h  vacuumX;  s p l i t t i n g  of t h e  ep ide rmi s  b y  m e a n s  of a 
s h a r p  r azo r  or  de rma toms2 ,3 ;  s c r ap ing  Off t h e  e p i d e r m i s  
w i t h  a s h a r p  s a f e ty - r azo r  4 or  w i t h  a b l u n t  i n s t r u m e n t - i n  
t h e  l a s t  case a f t e r  a p r e l i m i n a r y  loosening  of t h e  j u n c t i o n  
b e t w e e n  t h e  ep ide rmi s  a n d  t h e  c o r i u m  b y  m e a n s  of t i g h t  
s t r e t c h i n g  of t h e  sk in  5,e, or  b y  h e a t i n g  t h e  sk in  7; chemica l  
r e a g e n t s :  u n s a t u r a t e d  o rgan ic  c o m p o u n d s  s,9; ac ids  7,~°,n; 
a lka l iT ,~ ;  n e u t r a l  saltslO,~1; e n z y m e s :  p e p s i n  13, t r y p -  
s in ~-~7, col tagenase ,  e s te rase  is. 

All  m e t h o d s  m e n t i o n e d  a b o v e  h a v e  d i f f e ren t  a d v a n t a g e s  
a n d  sho r t comings ,  p o i n t e d  o u t  in  t h e  l i t e r a t u r e  c i ted.  I t  
is m o s t  p r o b a b l e  t h a t  for  e v e r y  k i n d  of i n v e s t i g a t i o n  a 
d i f f e ren t  s u i t a b l e  m e t h o d  s h o u l d  be used. The  g r e a t  im-  
p o r t a n c e  of N A  s tud i e s  in  c o n n e c t i o n  w i t h  s u c h  p a t h o -  
logical  p rocesses  in  sk in  as  r e g e n e r a t i o n ,  ca rc inogenes i s  
etc. ,  m a k e s  i t  m o s t  des i r ab le  to  speci fy  w h i c h  of t h e  sug-  
ges ted  m e t h o d s  would  b e  app l i cab le  for  nucle ic  ac id  est i-  
m a t i o n  in ep idermis .  
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