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5. C o m p o u n d  E f rom alcohol  e luant ,  needles,  m p  102-  
104 ~ (alcohol),  R f  0, inso luble  in  pet .  e ther ,  no  colour  w i t h  
L i e b e r m a n n - ] 3 u r c h a r d  reagent .  FoundS:  C, 78.92, 79.01; 
H,  13.69, 13.81. Calcd. for C2sH5403: C, 78.32; H, 13.65; 
C~sHssO3: C, 78.80; H, 13.70. N M R - s p e c t r u m  exh ib i t ed  a 
s t rong  m e t h y l e n e  p r o t o n  p e a k  a t  1.3 d a n d  a sma l l  peak  a t  
1.55 & I R - s p e c t r u m  showed t h e  presence  of 2 t ypes  of O H  
(3440 a n d  3200 cm -1) a n d  a -(CH3)~-grou p (722 cm -1 due  
to CH 3 rocking)  besides  o the r  p r o m i n e n t  peaks  a t  880, 
1085, I i 1 0 ,  1140, 1335 a n d  a h u m p  a t  1550-1700 cm -1 in 
Nujol .  M a s s - s p e c t r u m  showed a s t rong  mass  m / e  367 w i t h  
o t h e r  sma l l  mass  f r a g m e n t s  m / e  409, 396, 395, 390, 381, 
368, 362, 353, 340, 339, 334, etc. and  i nd i ca t ed  t h a t  t h e  
c o m p o u n d  was  p r o b a b l y  a m i x t u r e  of long-cha in  f a t t y  
diols, C26H5~O3 and  C2sHssO2. 

Z u s a m m e n / a s s u n g .  I so l ie rung  u n d  Cha rak t e r i s i e rung  
ve r sch iedener  Stoffe aus  der  i nd i schen  Pf lanze  A broma 
augus ta  Linn.  
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T r a n s p o r t  of  O x y g e n  t h r o u g h  M e m b r a n e s  C o n t a i n i n g  H a e m o g l o b i n  S o l u t i o n s  

T r a n s p o r t  of oxygen  t h r o u g h  m e m b r a n e s  c o n t a i n i n g  
h a e m o g l o b i n  ha s  been  s tud ied  e x p e r i m e n t a l l y  b y  
SCttOLANDER et  al. 1,3. I t  h a s  been  shown  t h a t ,  in  t h e  
p resence  of haemog lob in ,  oxygen  moves  t h r o u g h  t he  
m e m b r a n e  severa l  t i m e s  fas te r  t h a n  i t  would  o the rwise  do. 
The  resu l t s  of SCHOLANDER et  al. h a v e  been  theo re t i ca l ly  
d iscussed b y  W A N G  3, a n d  FATT a n d  LA FORCE 4. I t  is on ly  
r ecen t ly  t h a t  a n o n - e q u i l i b r i u m  t h e r m o d y n a m i c  ana lys i s  5 
of SCHOLANDER'S resu l t s  has  been  a t t e m p t e d ;  b u t  whi le  
do ing  this ,  t h e  cross coefficients,  r e l a t i ng  flows to  non-  
c o n j u g a t e d  forces, h a v e  been  neglected.  Th i s  is obv ious ly  
no t  in  keep ing  w i t h  t he  l inear  f o rma l i sm  of t h e r m o -  
d y n a m i c  t h e o r y  of i r revers ib le  processes a n d  inf luences  
t h e  ana lys i s  a p p r o x i m a t e l y .  

The  p r e s e n t  c o m m u n i c a t i o n ,  therefore ,  a ims  a t  g iv ing  a 
t h e r m o d y n a m i c  ana lys i s  of f ac i l i t a t ed  t r a n s p o r t  of oxygen,  
t a k i n g  in to  a c c o u n t  t h e  cross-coeff icients  r e l a t i ng  flows to  
t he  n o n - c o n j u g a t e d  forces. 

The  s y s t e m  used b y  SCHOLANDER for his  i n v e s t i g a t i o n  
can  be  s c h e m a t i c a l l y  r ep re sen t ed  as in  t h e  Figure.  The  
m e m b r a n e  is composed  of a f i l ter  soaked in a so lu t ion  of 
haemog lob in .  O x y g e n  gas a t  d i f fe ren t  pressures  p i  a n d  
p i i ,  p i  be ing  g rea t e r  t h a n  p i i ,  is p laced  in t he  c o m p a r t -  
m e n t s  on  t h e  2 sides of t h e  m e m b r a n e .  W h e n  oxygen  
passes  t h r o u g h  t he  m e m b r a n e ,  some of i t  combines  w i t h  
t h e  h a e m o g l o b i n  in  t he  m e m b r a n e  b y  t h e  fol lowing 
r eac t ion  : 

n 0 3 + Hb ~ HbO2n. (1) 

I t  c an  be  seen  t h a t  t he  oxygen  w i t h i n  t he  m e m b r a n e  m a y  
m o v e  in t h e  fo rm of HbO2n as well  as in  t he  fo rm of dis- 
so lved free oxygen.  If  t he  r a t e  of the  chemica l  r eac t ion  (1) 
is suf f ic ien t ly  m u c h  more  r ap id  t h a n  t h a t  of diffusion,  t h e  
chemica l  r eac t i on  (1) c an  be  t a k e n  to be  a t  equ i l i b r ium 
a t  eve ry  p o i n t  in  t h e  m e m b r a n e ,  i.e. a f f in i ty  A of t h e  
r eac t i on  (1) c an  be  t a k e n  to  be  zero. Therefore ,  we Call 
wr i te  : 

n btl + [13 = [13 (2) 

where  [1 s t a n d s  for  t h e  chemica l  p o t e n t i a l  a n d  t he  sub-  
sc r ip t s  1, 2 a n d  3 r ep re sen t  oxygen,  h a e m o g l o b i n  a n d  
o x y h a e m o g l o b i n ,  respect ive ly .  

The  d i s s ipa t i on  func t i on  r for t he  s y s t e m  l ike t he  one 
descr ibed  above ,  can  be  w r i t t e n  as 5 

= Jlgrad(--[11) + J2grad(--[12) + Jagrad(--p.a) (3) 

where  J ' s  r ep resen t  t he  f luxes of t h e  species deno t ed  b y  
t he  respec t ive  subscr ip ts .  The  l inear  phenomeno log ica l  
re la t ions  can  now be  w r i t t e n  as 

J1 = - -L l l  grad [11 --  L12 grad [12 L13 grad [1a 
J2 = --L2x grad [11 - -  Lz2 grad [12 --  L2a grad [1a / (4) 
J3 = --L31 grad [L 1 --  La2 grad [13 --  Laa grad [13 

where  L ' s  are t he  Onsage r ' s  coefficients.  We  k n o w  t h a t  
u n d e r  s t e a d y  s t a t e  condi t ions ,  t he  ex t e rna l ly  m e a s u r e d  
overa l l  flow of oxygen,  jT, is c o n s t a n t  t h r o u g h o u t  t he  
sys tem,  j T  mus t ,  therefore ,  be  equa l  to  t he  t o t a l  t r ans -  
po r t  w i t h i n  t he  m e m b r a n e .  Hence,  we can  wr i te  for t he  
s t e a d y  s t a t e  

j T  = J1 + nJa .  (5) 

Since t he  d e p e n d e n c e  of chemica l  p o t e n t i a l  on  pos i t ion  is 
due  to t he  local changes  in t he  concen t r a t i ons  of oxygen,  
h a e m o g l o b i n  a n d  oxyhaemog lob in ,  we can  wr i te :  

grad [11 = [1II grad c 1 + [112 grad c 3 + ~la grad c a 

grad [13 = [~21 grad c 1 + [133 grad c 3 + [z33 grad c3 i (6) 
grad [1a = [131 grad c 1 + [• grad c 3 + ~33 grad c a 

where  [11i = O[1i/OCj a n d  C v C 2 a n d  C 3 r ep resen t  t he  con- 
c e n t r a t i o n s  of oxygen,  h a e m o g l o b i n  a n d  o x y h a e m o g l o b i n  
respect ively .  F r o m  equa t i ons  (4), (5) and  (6) we can  now 
wri te  : 

J l  T = - - ( (Ll l  + nLal  ) [Zll + (L12 + n L32 ) [L21 
+ (L13 + n Laa ) [131} grad C 1 

-{(Ll l  + nL31)[113 + (L12 + n  L83 ) [133 (7) 
+ (L13 + n L33 ) [1a2} grad C 2 

--{(Lll + nL31) [113 + (LI2 + n L33 ) [133 
+ (Lla + n L33 ) [1a3} grad C 3 

1 p. F. SCHOLANDER, Science 131, 585 (1960). 
2 E. HEMMIGSEN and P. F. SCHOLANDER, Science 132, 1379 (1960). 
8 j .  H. WANG, Science 133, 1770 (1961). 
4 I. FATT and R. C, LA FORCE, Science 133, 1919 (1961). 
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wh ich  in t e r m s  of d i f fus ion coeff ic ients  can  be  re- 
w r i t t e n  in  t he  fo rm 6 

jT  = _ D11 grad C 1 - -  Dis grad C 2 -- D13 grad C a. (8) 

The  in t e r - r e l a t i onsh ip  be t w een  t he  d i f fus ion coeff icients  
Dij, t h e  Onsager ' s  coeff ic ients  Lij  a n d  t h e  t h e r m o d y -  
n a m i c  coupl ing  coeff ic ients  txlj c an  be  expressed  as t h e  
p r o d u c t  of t he  mat r ices .  

[Dll DI2 DlZ] ~ [Ll l+nLsl  L12+nL3s L13+nL3s]] 

[Ix" Ex'~ ~'31 ~, (9) 

J L~31 ~ss ~33J 

I n  v iew of t he  c o n s e r v a t i o n  e q u a t i o n  

C 2 + C a = Constant  (10) 

e q u a t i o n  (8) can  f u r t h e r  be  t r a n s f o r m e d  in to  

j T  = __Dll grad C 1 - -  (Dla D12 ) grad C 3 �9 (11) 

Thus  in e q u a t i o n  (11) for t he  e x t e r n a l l y  m e a s u r e d  overa l l  
f low of oxygen,  jT ,  the  cross phenom eno l og i ca l  coeffi- 
c ien ts  w h i c h  were neglec ted  in t he  ana lys i s  b y  ear l ier  
workers  6, h a v e  been  t a k e n  in to  account .  I t  is obv ious  
f rom e q u a t i o n  (11) t h a t  t he  overa l l  oxygen  flow, jT, is 
composed  of 2 componen t s ,  t he  d i f fus iona l  flow of free 
oxygen  a n d  t he  flow of h a e m o g l o b i n - b o u n d  oxygen,  re- 
p r e sen t ed  respec t ive ly  b y  t he  f i rs t  and  second t e r m s  on  
t he  r i g h t - h a n d  side of e q u a t i o n  (11). 

I n t e g r a t i n g  e q u a t i o n  (11) b e t w e e n  x -  0 a n d  x = h, 
keep ing  in m i n d  t h a t  j T  is c o n s t a n t  in  t he  s t e a d y  s ta te ,  
we get  : 

= ~ (C ~  C ~ ) +  ( D18--h Dis ) (C~ --C~). (12) j r  

I n  i n t e g r a t i n g  e q u a t i o n  (11) to  get  e q u a t i o n  (12), use ha s  
also been  m a d e  of t h e  a p p r o x i m a t i o n  t h a t  DI1, Dis a n d  
Dla can  be  t r e a t e d  as c o n s t a n t s  w h i c h  do n o t  v a r y  w i t h  
concen t r a t i on .  The  supersc r ip t s  0 a n d  h in e q u a t i o n  (12) 
refer  to  t h e  c o n c e n t r a t i o n s  a t  x = 0 a n d  x = h, respec-  
t ively .  T h e  f i r s t  t e r m  on t he  r i g h t - h a n d  side of e q u a t i o n  
(12) w h i c h  r ep re sen t s  t he  d i f fus iona l  flow of free oxygen  
is d e t e r m i n e d  en t i r e ly  b y  t he  e x t e r n a l  oxygen  pressures .  

I t  c an  be  seen f rom e q u a t i o n  (12) t h a t  w h e n  p i ,  = 0, 
C~ = 0 a n d  hence  j T  t akes  i t s  m a x i m u m  value .  As p i i  
increases,  t h e  second t e r m  on t he  r i g h t - h a n d  side de- 
creases, t h u s  lower ing  tile v a l u e  of jT .  F u r t h e r ,  w h e n  p i 
and  p i i  are b o t h  k e p t  ve ry  large  so t h a t  h a e m o g l o b i n  is 
s a t u r a t e d  w i t h  oxygen  a t  b o t h  t he  b o u n d a r i e s  of t he  
m e m b r a n e ,  i.e. C O m C~, t h e  second t e r m  in e q u a t i o n  
(12) becomes  negl igible  and  all  t he  oxygen  t r a n s p o r t  is 
due  to  t h e  d i f fus ion of d issolved free oxygen  only.  

I t  m u s t  be  m e n t i o n e d  here  t h a t  t he  conclus ions  der ived  
above  f rom e q u a t i o n  (12) are in  c o n f o r m i t y  w i t h  t h e  
o b s e r v a t i o n s  of SCHOLANDER et  al. 1, s. 

Zusammenfassung. Die Scho l ande r schen  Be funde  fiber 
den  S a u e r s t o f f t r a n s p o r t  d u r c h  H g m o g l o b i n l 6 s u n g e n  wer-  
den  auf  de r  Bas is  der  i r r eve r s ib len  T h e r m o d y n a m i k  
b e h a n d e l t .  

pi 

MembranB 

n O.t+Hb ~ Hb Ozn 
p~ 
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Arrangement for the study of transport of oxygen through a mem- 
brane containing haemoglobin. 

6 R. L. BALDWIN, P. J. DUNLOP and L. J. GOSTING, J. Am. chem. 
Soc. 77, 5235 (1955). 
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On the Origin of Adenosine Triphosphate in Chromaffin Granules 

The  c a t e c h o l a m i n e  (CA) granules  h a v e  a h i g h  c o n t e n t  of 
adenos ine  t r i p h o s p h a t e  (ATP),  co r r e spond ing  to  a b o u t  
15% of t he  d ry  we igh t  of t he  granules  1. T he  or igin of t h i s  
A T P  is n o t  known.  There  is no  ev idence  t h a t  i t  is fo rmed  
w i t h i n  t h e  granules .  However ,  a d e n y l a t e  k inase  (AK), 
which  is genera l ly  r ega rded  as a m i t o c h o n d r i a l  enzyme,  
has  been  r epo r t ed  to  occur  in  CA granu le  p repara t ionsS .  
Th i s  impl ies  t h a t  t h e  CA granules  m i g h t  be  able  to  p rov ide  
t h e m s e l v e s  w i t h  A T P  b y  t he  r eac t ion  2 A D P  ~ A T P  + 
AMP.  On t he  o the r  h a n d ,  t he  resul t s  need  conf i rma t ion ,  
since m i t o c h o n d r i a l  c o n t a m i n a t i o n  in these  g ranu le  pre-  
p a r a t i o n s  was no t  ru led  out .  The  a im of t h i s  s t u d y  is to  
r e inves t iga t e  th i s  ques t ion  b y  us ing  2 d i f fe ren t  t e chn iques  
for t he  pu r i f i ca t i on  of CA granules .  

Methods. B o v i n e  ad rena l s  were o b t a i n e d  a t  t h e  
s l augh te rhouse  w i t h i n  20 ra in  a f t e r  t he  an i m a l s  were 
killed, a n d  i m m e d i a t e l y  chil led wi th  ice. T he  medu l l a  was  
d issected  ou t  a n d  homogen ized  in 5 vol. of 0.25 M sucrose  
b y  P o t t e r - E l v e h j e m  tef lon  glass e q u i p m e n t .  Coarse 

par t ic les  were r e m o v e d  b y  low speed c e n t r i f u g a t i o n  
(800 g for 10 rain).  

CA granules  in  t he  s u p e r n a t a n t  were i so la ted  in 2 
d i f fe ren t  ways  : (a) The  low speed s u p e r n a t a n t  was  passed  
t h r o u g h  a succession of m e m b r a n e  f i l ters  (Millipore F i l t e r  
Corp., Bedford ,  Mass.) f rom 3 V to  0.3 tx as descr ibed  b y  
OKA et  al. 3. The  f i l t r a tes  were cen t r i fuged  a t  15,000 g for  
15 m i n  a n d  t he  pel le ts  were r e suspended  in  0 . 2 5 M  
sucrose solut ion.  (b) The  low speed s u p e r n a t a n t  was  cen t r i -  
fuged a t  15,000 g for  15 rain.  The  pel le t  was  r e suspended  
in 0 . 2 5 M  sucrose a n d  layered  on to  c o n t i n u o u s  l inea r  
sucrose g r ad i en t s  (0 .35-2 .2M)  a n d  cen t r i fuged  a t  

1 N.-A. I-tlLLARP, Acta physiol, scand. 47, 271 (1959). 
2 N.-A. HILLARP, Acta physiol, scand. 42, 144 (1958). 
z M. OKA, T. OHUCHI, H. YOSHIDA and R. IMAIZUMI, Life Sci. 5, 427 

(1966). 


