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Summary. The  r educ t i on  of m e t h e m o g l o b i n  b y  ascorbic  acid was acce le ra ted  b y  t he  presence  of 2, 3 -d iphosphoglycera te .  

The  phys io logica l  role of 2, 3 -d iphosphog lyce ra t e  
(2, 3-DPG),  w h i c h  is t he  m o s t  a b u n d a n t  p h o s p h o r u s  com- 
p o u n d  in red  cells, has  been  clarif ied since t he  d i scovery  
by BENESCH et al. ~ and CHANUTIN and CURNISH 2 that it 
lowers the oxygen affinity of hemoglobin and thus 
facilitates the release of oxygen. Lately DUIIM 3, ~ showed 
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Fig. 1. Spectral change of methemoglobin to oxyhemoglobin between 
500 nm and 650 nnl during a 2-hour period after the addition of 
ascorbic acid. a) Ill the absence of 2,3-DPG. b) In the presence of 
2,3-DPG (final concentration 2.6 mM). 
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Fig. 2. Rate of methemoglobin reduction in the absence and presence 
of 2, 3-DPG (final concentration 2.6 mM) after the addition of aseor- 
bic acid (final concentration 6 raM). 

t h a t  o rganic  phospha t e s ,  especial ly  2 ,3 -DPG,  r egu la te  
i n t r ace l lu l a r  p H  as p a r t i c i p a n t s  of t he  D0nnaI1 Gibbs '  
equ i l ib r ium.  On t h e  o the r  h a n d ,  BEIJTLER et  al. 5 i nd i ca t ed  
t he  i n h i b i t o r y  effect  of 2, 3 -DPG on glycolyt ic  enzymes .  
Th i s  p a p e r  deals  w i t h  a n o t h e r  effect  of t h i s  p h o s p h o r u s  
compound ,  i.e. t h e  s t i m u l a t i v e  effect  on m e t h e m o g l o b i n  
r e d u c t i o n  in t he  presence  of ascorbic  acid. 

A l t h o u g h  h i g h  c o n c e n t r a t i o n  of 2, 3 -DPG in  red  ceils is 
expec ted  to  exe r t  some inf luence  on  t h e  r edox  reac t ion  of 
hemoglob in ,  t he re  are  few repor t s  a b o u t  t he  effect  of t h i s  
c o m p o u n d  on t h e  m e t h e m o g l o b i n  r educ t ion .  W e  explored  
t h e  in f luence  of th i s  p h o s p h o r u s  c o m p o u n d  on  t he  m e t h e -  
moglob in  r e d u c t i o n  in i t i a t ed  b y  t he  a d d i t i o n  of ascorbic  
acid, wh ich  reac t s  w i t h  m e t h e m o g l o b i n  d i rec t ly  w i t h o u t  
be ing  af fec ted  b y  t he  e n z y m a t i c  m e t h e m o g l o b i n  r educ ing  
a c t i v i t y  in  r ed  cells 6. 

Methods. H e m o g l o b i n  A, o b t a i n e d  f rom f resh  h u m a n  
red  cells b y  hemolys is ,  was c o n v e r t e d  to  m e t h e m o g l o b i n  
b y  t he  a d d i t i o n  of p o t a s s i u m  ferr icyanide .  Af t e r  r emova l  
of fe r r icyan ide  w i t h  Dowex I-8, m e t h e m o g l o b i n  was 
desa l ted  b y  pass ing  t h r o u g h  a S e p h a d e x  G-25 co lumn 
p rev ious ly  equ i l i b r a t ed  w i t h  0.05 M bis-tris buffer  (pH 
7.0) c o n t a i n i n g  0.1 M NaC1. E x p e r i m e n t s  were pe r fo rmed  
as follows. 1/i 0 ml  of 0.05 M bis-tris buffer  (pH 7.0) con-  
t a i n ing  0.1 M NaCI a n d  1.4 m l  of m e t h e m o g l o b i n  (final 
c o n c e n t r a t i o n  12 ~zM) were mixed  w i t h  or w i t h o u t  2,3- 
DPG.  Af te r  m i x i n g  and  5 m i n  s t and ing ,  the  r eac t ion  was 
s t a r t e d  b y  t he  add i t i on  of 20 ~zl of 450 m M  sod ium 
asco rba te  so lu t ion  a n d  the  r a t e  of m e t h e m o g l o b i n  reduc-  
t ion  was s p e c t r o p h o t o m e t r i c a l l y  m e a s u r e d  a t  25~ b y  
fol lowing t h e  increase  in a b s o r b a n c e  a t  578 nm.  

Results and discussion. Figure  l a  a n d  b shows the  chan -  
ge in t he  spec t r a  of m e t h e m o g l o b i n  be tween  500 n m  a n d  
650 n m  d u r i n g  a 2-hour  per iod  a f t e r  t he  add i t i on  of 
ascorbic  acid.  R e l a t i v e l y  slow r e d u c t i o n  of m e t h e m o g l o b i n  
to  o x y h e m o g l o b i n  occurred  b y  t he  add i t i on  of ascorbic  
acid, wh ich  is cha rac t e r i zed  b y  t h e  increase  in t he  ab-  
so rbance  a t  542, 578 n m  a n d  t h e  decrease  a t  630 nm.  
Obv ious ly  2, 3 -DPG acce lera ted  t he se  spec t ra l  changes  of 
m e t h e m o g l o b i n  to o x y h e m o g l o b i n  b y  ascorbic  acid. As 
t he  acce le ra t ion  b y  2 , 3 - D P G  was not iced,  t he  in i t ia l  
ve loc i ty  of m e t h e m o g l o b i n  r e d u c t i o n  was m e a s u r e d  b y  
fol lowing t he  increase  in t he  a b s o r b a n c e  a t  578 n m  
(Figure 2). A 4 t imes  increase  in r a t e  was  obse rved  in t h e  
presence  of 2, 3 -DPG c o m p a r e d  w i t h  t he  con t ro l  w i t h o u t  
2, 3-DPG.  

1 R. BENESCH and R. E. BENESCII and C. I. Yu, Proc. natn. Aead. 
Sci. USA 59, 526 (1958). 

2 A. CHANUTIN and R. R. CURNISH, Arch. Biochem. Biophys. 121, 
96 (1967). 

S j .  DUHM, Pflfigers Arch. 326, 341 (1971). 
4 j .  DuH~, Proc. 3rd irlt. Conf. on Red Cell Metabolism and Func- 

tion (Alan R. Liss. Inc., New York 1975), p. 167. 
5 E. BEUTLER, F. MATSUMOTO and E. GUINTO, Experientia 30, 190 

(1974). 
6 E. M. SCOTT, I. W. DUNCAN and V. ESSTRAND, Fedn. Proe. 22, 

467 (1963). 



15.7. 1976 Specialia 933 

I t  is k n o w n  t h a t  inosi tol  h e x a p h o s p h a t e  ( IHP) ,  t h e  
s t ronge r  effector,  changes  t he  r edox  p o t e n t i a l  of ferric-  
fer rous  hemog lob in  7 a n d  also changes  the  c o n f o r m a t i o n  of 
m e t h e m o g l o b i n  s. Since 2 ,3 -DPG,  t h o u g h  weaker  t h a n  
I H P  as a n  effector,  is also s h o w n  to change'- t he  r edox  
p o t e n t i a l  of t he  same  s y s t e m  s , i t  is l ike ly  t h a t  t h e  con-  
f o r m a t i o n  of m e t h e m o g l o b i n  is changed  b y  2 ,3 -DPG.  A 
p laus ib le  e x p l a n a t i o n  for t he  acce le ra t ion  m a y  be a t t r i -  
b u t e d  to t he  increase  in r e a c t i v i t y  of ascorbic  acid w i t h  
m e t h e m o g l o b i n ,  wh ich  is fac i l i t a ted  b y  t he  change  of 
c o n f o r m a t i o n  of the  l a t t e r  due  to the  b i n d i n g  of 2, 3-DPG.  
However ,  de ta i l ed  m e c h a n i s m  of t h e  r eac t i on  r e m a i n s  to  
be clarif ied.  

These  resu l t s  sugges t  t h a t  2, 3 -DPG affects  t he  r a t e  of 
m e t h e m o g l o b i n  r educ t i on  in i n t a c t  red ceils, especial ly  

w h e n  ascorbic  acid is appl ied  to p a t i e n t s  suffer ing f rom 
h e r e d i t a r y  m e t h e m o g l o b i n e m i a .  Th i s  is cons i s t en t  w i t h  t he  
r epo r t  10 t h a t  t he  h igh ly  increased  c o n t e n t  of 2, 3 -DPG in 
r ed  ceils of h e r e d i t a r y  m e t h e m o g l o b i n e m i a .  
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Summary, The  role of r ena l  h y d r o d y n a m i c s  on  rena l  depos i t ion  of i m m u n e  complexes  was e v a l u a t e d  in acute  s e rum 
sickness.  Us ing  i.v. r ad io labe l led  an t igen  in r a b b i t s  u n d e r  a v a r i e t y  of h y d r o d y n a m i c  a l t e ra t ions ,  these  s tud ies  sugges ted  
t h a t  a l t h o u g h  i n t r a r e n a l  h y d r o d y n a m i c s  inf luence  rena l  depos i t ion  of i m m u n e  complexes  fac tors  o the r  t h a n  i n t r a r e n a l  
h y d r o s t a t i c  p ressure  m a y  be  i m p o r t a n t .  

I t  is well  recognized t h a t  c i rcu la t ing  a n t i g e n - a n t i b o d y  
i m m u n e  complexes  depos i t  in t issues,  p a r t i c u l a r l y  vas-  
cu la r  m e m b r a n e s ,  r e su l t ing  in a n  i n f l a m m a t o r y  i n j u r y  
t h r o u g h  a c t i v a t i o n  of c o m p l e m e n t  4. I m m u n e  complex  
g lomeru loneph r i t i s  has  been  s tud ied  ex tens ive ly  b y  m e a n s  
of t h e  acu te  s e r u m  sickness modelS;  h o w e v e r  t h e  e f fed ts  
of r ena l  h y d r o d y n a m i c s  on i m m u n e  complex  depos i t ion  
h a v e  n o t  been  well  defined.  GERMUTH et  al. 6 r epo r t ed  t h a t  
r ena l  h y d r o d y n a m i c s  were a d e t e r m i n a n t  of t he  si te  of 
depos i t ion  a n d  i n j u r y  caused  b y  complexes .  These  in- 
ve s t i ga to r s  sugges ted  t h a t  c l amping  of t he  rena l  a r t e r y  or 
l iga t ion  of t he  u re t e r  induced  t he  morpho log ica l  a n d  im- 
munoh i s to log ica l  dif ferences  in t he  k idneys  in s e rum 
sickness,  and  t h e y  p o s t u l a t e d  t h a t  these  differences  are 
s e c o n d a r y  to  t he  differences of i m m u n e  complex  deposi-  
t i o n ;  however ,  t h e y  did  n o t  q u a n t i t a t e  t he  a m o u n t  of 
i m m u n e  complexes  wh ich  were deposi ted .  

Materials and methods. H u m a n  se rum a l b u m i n  (HSA) 
was label led  w i t h  I t25 b y  t he  c h l o r a m i n e - T  m e t h o d s  as 
desc r ibed  b y  McCoNAHEu a n d  DIXON 7. Ten  3 kg r a b b i t s  
were in jec ted  i.v. w i t h  I * H S A  250 mg/kg.  On t he  same 
d a y  10 m l / k g  H S A  in F r e u n d ' s  comple te  a d j u v a n t  was 
in j ec t ed  s.c. to  ensure  an  i m m u n e  response.  Blood sam-  
ples were t a k e n  a t  f r equen t  i n t e rva l s  f rom tile cen t r a l  ear  
a r t e r y  us ing  b u t t e r f l y  scalp ve in  needles  and  asept ic  
t echn ique .  Blood was al lowed to  c lot  a t  37 ~ for 2 h. The  
c lo t t ed  b lood  was cen t r i fuged  a t  2,000 r p m  a n d  t he  se rum 
was decan ted .  P ro t e in  f rom 1 ml  of s e rum was p rec ip i t a t ed  
in  10% t r i ch lo race t i c  acid (TCA), w a s h e d  b y  cen t r i fuga-  
t ion  a n d  c o u n t e d  to d e t e r m i n e  t o t a l  s e rum I * H S A . I * H S A  
complexed  w i t h  a n t i b o d y  was d e t e r m i n e d  b y  t he  a m m o -  
n i u m  su l fa te  p r e c i p i t a t i o n  t e c h n i q u e  of FARR s us ing  
f resh  non - r e f r i ge ra t ed  serum.  2 days  a f te r  a d m i n i s t r a t i o n  
of a n t i g e n  t he  an ima l s  were d iv ided  in to  5 groups  w i t h  2 
a n i m a l s  in  each  group.  G r o u p  I :  cont ro l s  wh ich  rece ived  
no  h y d r o d y n a m i c  man i pu l a t i ons .  G r o u p  I I :  t he  r i g h t  
r ena l  ve in  was l igated.  Group  I I I  : t h e  left  rena l  ve in  was 
l igated.  Group  I V  : t i le r i g h t  u re te r  was  l igated.  G r o u p  V : 

t he  left  u r e t e r  was  l igated.  Blood was o b t a i n e d  for detec-  
t i on  of I * H S A  or  I * H S A  i m m u n e  complexes .  The  an ima l s  
were sacr i f iced on  t he  16 th  day ,  a t  wh ich  t i m e  t he  k idneys  
were r e m o v e d  a n d  s tud ied  b y  l igh t  and  immunof luo res -  
c en t  mic roscopy  a f te r  t h e i r  r a d i o a c t i v i t y  h a d  been  
measured .  The  m e t h o d  of i m m u n o f l u o r e s c e n t  mic roscopy  
has  been  descr ibed  p rev ious ly  9. 

Results. Free  I * H S A  was de t ec t ed  in t he  se rum un t i l  
d ay  8. Fo l lowing  t h i s  t i m e  I * H S A  i m m u n e  complexes  
were de t ec t ed  in t he  serum.  On t h e  15th  day,  t he  d a y  
pr io r  to  sacrifice, no  free I * H S A  or I * H S A  i m m u n e  com- 
plexes  were de t ec t ed  in t he  serum.  

Depos i t s  of r a b b i t  IgG, C3, a n d  H S A  were de tec ted  in 
b o t h  k idneys  of all animals .  K idneys  sub jec ted  to  u re t e r a l  
l iga t ion  were h y d r o n e p h r o t i c  whereas  those  sub jec t ed  to  
rena l  ve in  l iga t ion  were sclerotic.  

Discussion. R e n a l  h y d r o d y n a m i c  forces h a v e  been  
sugges ted  to p l a y  a role in  depos i t ion  of c i rcu la t ing  im- 
m u n e  complexes  1~ Increase  a r t e r i a l  b lood pressure  pre-  
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