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d e t e r m i n e d  in dup l i ca t e  b y  t h e  t e c h n i q u e  descr ibed b y  
BRINICMAN and  J o ~ x l s  xS. T he  m e a s u r e m e n t s  of D P G  
were pe r fo rmed  us ing  t he  e n z y m a t i c  m e t h o d  of TowNE 
et  a114. 

Fo r  t he  ana lys i s  of t h e  resul ts ,  i t  was  a s s um ed  t h a t  t he  
O3 a f f in i ty  of whole  b lood  depends  on t he  level  of DPG,  
on  t h e  r e l a t ive  p ropo r t i ons  of H b A  a n d  H b F  and  on  t he  
re la t ive  effect  of D P G  on t he  O 2 a f f in i ty  of H b A  and  H b F .  
The  re l a t ion  a m o n g  these  va r i ab le s  can  t h e n  be expressed  
b y  t he  fol lowing e q u a t i o n :  

P50 : m X [(~ X DPG X HbA) + (fl x DPG X HbF)] + c (1) 

where  e and /~  r ep re sen t  t he  r e l a t ive  effect  of D P G  on t he  
P 5 0  of H B A  a n d  H b F ,  respec t ive ly ;  P 5 0  is expressed  in 
m m  Hg, D P G  in n m o l e s / m l  R B C  and  H b A  a n d  I t b F  as 
pe r cen t  of t o t a l  H b ;  m a n d  c are  a r b i t r a r y  fac tors  re- 
p r e s e n t i n g  t h e . s l o p e  a n d  t he  i n t e r c e p t  of t he  regress ion  
line. 

E q u a t i o n  No. 1 can  also be  w r i t t e n  as follows: 

P50 : m •  X DPG [HbA + fl/~. HbF] + c (2) 

where  t he  t he  r a t io  fl/ot r ep resen t s  t he  effect  of D P G  on 
t he  P 5 0  of H b F  in r e l a t i on  to t he  effect  of D P G  on t h e  
P 5 0  of H b A .  

Regress ion  equa t i ons  were ca lcu la ted  for  d i f fe ren t  
va lues  of fi/ct (0.1 to  1.0), for each  group  of expe r imen t s .  
The  equa t i ons  w i t h  t h e  bes t  fit, as j udged  b y  t he  correla-  
t i on  coefficients,  were used to  express  t he  resul t s  and  are 
shown  in F igures  1 an d  2. 

The  resu l t s  in  t he  two groups  of e x p e r i m e n t s  were v e r y  
s imilar .  The re  were no  s ign i f ican t  differences  be tween  t he  
slopes or t he  i n t e r c e p t s  of t he  two equa t ions  a n d  in b o t h  
cases t he  be s t  cor re la t ion  was o b t a i n e d  w i t h  a va lue  of 
fl/o~ ~ 0.4. This  suggests  t h a t  in  whole  blood,  b o t h  in v i t ro  
as well  as in  vivo,  t h e  effect  of D P G  on t he  P 5 0  of H b F  
is 40% of t h a t  of H b A .  Th i s  va lue  is in  exce l len t  agree- 
m e n t  w i t h  those  found  b y  p rev ious  inves t iga to r s  us ing  
h e m o g l o b i n  so lu t ions  4, 5,15 

Riassunto. E x p e r i m e n t i  c o n d o t t i  sul sangue  in te ro  di 
i nd iv idu i  n e o n a t i  e a d u l t i  h a n n o  d i m o s t r a t o  che l 'aff ini tX 
del sangue  pe r  l 'ossigeno (P50) d ipende  da l la  concen t ra -  
zione i n t r a e r i t r o c i t a r i a  di 2 ,3-difosfogl icerato  (Dt?G) e 
dal le  p roporz ion i  r e l a t ive  di emog lob ina  a d u l t a  (HbA) e 
Ie ta le  (HbF) .  I r i su l t a t i  o t t e n u t i  i nd icano  che nel  sangue  
in t o to  l ' e f fe t to  del D P G  sul la  P 5 0  del la  I-IbF ~ circa il 
40% di quel lo sul la  P 5 0  del ia  H b A .  
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Intrace l lu lar  pH of Red Cells  S tored  in Acid  Citrate  

The  i m p o r t a n c e  of h y d r o g e n  ion c e n c e n t r a t i o n  d u r i n g  
t he  s torage  of red  cells ha s  been  n o t e d  a n d  a c t u a l l y  t he  
con t ro l l ed  lower ing  of p H  b y  c i t r a t e  buf fe r  was  t h e  m a j o r  
i m p r o v e m e n t  in  b lood  p re se rva t ion .  More recent ly ,  t he  
levels of A T P  a n d  2, 3 -d iphosphoglycera te ,  w h i c h  p l a y  an  
i m p o r t a n t  role in  t h e  ceils, h a v e  been  s h o w n  to be  g rea t ly  
af fec ted  b y  t he  p H  of t h e  s to rage  med ium1 ,  2. A l t h o u g h  
t h e r e  h a v e  been  severa l  r epo r t s  on  t h e  pt-I change  d u r i n g  
s torage,  t he  m e a s u r e m e n t s  were done  a t  37~ e and  t h e  
d a t a  o b t a i n e d  were ex t race l lu la r  p H  (pile).  I t  seems more  
i n t e r e s t i n g  to  k n o w  t he  in t r ace l Iu la r  p H  (pHi) of red  
cells if we a i m  to  i m p r o v e  s torage  condi t ions ,  especia l ly  
so in r e l a t i o n  to  t he  s t a b i l i t y  of i n t r ace l lu l a r  enzym es  or 
m e t a b o l i c  i n t e r m e d i a t e s  d u r i n g  s torage.  Moreover ,  t h e  p H  
a t  t h e  t e m p e r a t u r e  of s torage,  i.e. a t  4~ m a y  h a v e  more  
m e a n i n g  for t h i s  end  t h a n  t he  p H  a t  b o d y  t e m p e r a t u r e .  
The  p r e sen t  i n v e s t i g a t i o n  is on  t he  changes  of t h e  p i l e  
a n d  t h e  p H i  a t  4~ of ACD blood  d u r i n g  s torage.  

Methods. The  p h i  was  m e a s u r e d  b y  us ing  5 ,5 -d ime thy l  
oxazol id ine-2 ,4-d ione  (DMO) essent ia l ly  accord ing  to  t he  
m e t h o d  of CALV~Y 3. To 100 ml  of acid c i t r a t e  dex t rose  
(ACD) b lood  in a s to rage  bot t le ,  a b o u t  4 ~xCi of 2-C 14 
DMO (New E n g l a n d  Nucl.  Corp.,  spec. act .  10.1 m C i / m M )  
was a d d e d  w i t h  a syr inge  a n d  t he  b lood  was p r e se rved  a t  
4~ E v e r y  2 or 3 days,  a n  a l i quo t  of t he  sample  ( abou t  5 
5 ml) was  t a k e n  ou t  b y  a syr inge  and  used for  t he  assay.  
The  p H  of t h e  suspens ion  (pile) was m e a s u r e d  b y  a 
H i t a c h i - H o r i b a  e x p a n d e d  scale p H - m e t e r  F-5 a t  4~ 
The  samples  were  t a k e n  ou t  before  a n d  a f t e r  cen t r i -  
fuga t ion  (5,000 r p m  for  10 m i n  in  a re f r ige ra ted  cen t r i -  
fuge), us ing  a p r e c a l i b r a t e d  m i c r o p i p e t t e  (99.8 ~.1). DMO 
was e x t r a c t e d  f rom each  sample  a n d  m e a s u r e d  b y  a 
l iquid  sc in t i l l a t ion  spec t romete r .  The  w a t e r  c o n t e n t  of 
t h e  suspens ion  was m e a s u r e d  b y  d r y i n g  t h e  s ample  in a 
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ho t  air  oven  a t  110 • 10~ for 24 h. The  c o n t e n t  of 
ex t race l lu la r  w a t e r  in  p a c k e d  cells was  m e a s u r e d  b y  
C14-inulin for a n o t h e r  b a t c h  of ACD blood  a n d  found  to  
be  2 to  4 %  of p a c k e d  cell vo lume,  w h i c h  showed  no 
apprec iab le  change  d u r i n g  s torage  and  c o n t r i b u t e d  to t he  
ca lcu la t ion  of p h i  to  a negl ig ible  ex ten t .  The  p h i  was 
ca lcu la ted  accord ing  to  t he  e q u a t i o n  der ived  b y  IRVlN:E 
et al.~, except that the measured value at 4~ of pK' = 
6.52 was used for DMO. 

Results and discussion. Typ ica l  data of ACD blood  
s tored  for  1 m o n t h  are shown  in t he  Table .  The  p H i  
decreased  as t h e  p i l e  of t h e  b lood  decreased  d u r i n g  t h e  
s torage.  The  p H i  was a lways  h ighe r  t h a n  t he  p i l e  a n d  
t he  decrease  of t h e  p h i  d u r i n g  t h e  s to rage  was  s lower  
t h a n  t h a t  of t he  pi le .  The  p i l e  of ACD blood shown  here  
is app rec i ab ly  h ighe r  t h a n  t h a t  r epo r t ed  b y  o t h e r  workers  ~ 
because  of t h e  m e a s u r e m e n t  a t  4~ The  h i g h e r  v a l u e  of 
t h e  p H  a t  4~ can  be  exp la ined  b y  big  n e g a t i v e  t e m p e -  
r a t u r e  coeff ic ient  ( d p H / A t )  of p r o t e i n  so lu t ion  as a buf fe r  
sys tem.  Fo r  example ,  t he  p H  of 2-day-old  ACD blood  
was 7.37 a t  4~ a n d  6.92 a t  37~ The  p H  of ACD p l a s m a  
was af fec ted  b y  t e m p e r a t u r e  to  lesser e x t e n t  t h a n  t h a t  
of t he  suspens ion ,  e.g. 7.35 a t  4~ a n d  7.08 a t  37~ 
i n d i c a t i n g  t h a t  t he  p H i  is a f fec ted  b y  t e m p e r a t u r e  
change  more  t h a n  t he  pi le .  

I t  h a s  been  k n o w n  t h a t  t he  pH~ of red  cells is lower 
t h a n  t he  p i l e  of f resh b lood or t h e  cells suspended  in 
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pile and pHi at 4~ of red cells in ACD medium 
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Days of storage Hematocrit value Total water content (%) DMO in suspension/ pHe pH i 
DMO in suspernatant 

1 46.4 80.0 0.85 7.50 7.61 
2 46.3 79.6 0.85 7.46 7.55 
4 46.4 80.0 0.83 7.42 7.47 
6 45.6 80.0 0.85 7.35 7.44 
8 46.3 79.8 0.85 7.34 7.39 

10 45.8 80.0 0.86 7.30 7.40 
12 45.8 80.0 0.86 7.28 7.39 
14 46.1 80.0 0.88 7.19 7.33 
17 46.7 79.9 0.90 7.12 7.28 
19 46.5 79.9 0.91 6.99 7.18 
22 46.0 79.9 0.92 6.98 7.20 
25 45.5 79.9 0.91 6.80 7.06 
28 45.0 79.7 0.94 6.84 7.12 

buffered  saline. However ,  as shown in the  p resen t  s tudy,  
the  p h i  was h igher  t h a n  the  p i l e  in ACD blood, which  
was fu r ther  conf i rmed by  freezing and  t hawing  of ACD- 
s tored  packed  red cells covered wi th  l iquid paraff in .  The 
p H  at  4~ of the  red ceils increased f rom 7.29 to  7.39 by  
hemolysis .  The obse rva t ion  t h a t  t he  p i l i  of ACD blood 
is h igher  t h a n  the  p i l e  can be expla ined  by  Gibbs-Don-  
nan  equi l ibr ium based on the  impe rmeab i l i t y  of c i t ra te  
ion to  the  cell m e m b r a n e  5. The increase of the  difference 
be tween  the  p h i  and  the  p i l e  observed dur ing  the  s torage  
can be expla ined  by  the  acidif icat ion of the  suspension 
and is no t  due to the  aging of the  cells. The similar  increase 
was observed when  fresh ACD blood was acidif ied wi th  
lactic acid. 

The character is t ics  of the  glycolyt ic  reac t ion  in ACD 
blood are de t e rmined  by  at  least  2 factors :  p i l i  and  low 
t empera tu re .  Al though  d a t a  are avai lable  abou t  the  
effect  of t he  p i l e  on the  glycolysis a t  37~ 6, no da t a  are 
avai lable abou t  the  effect  of t he  pHi .  On the  o the r  hand ,  
as t he  p h i  is ex t r eme ly  suscept ible  to t e m p e r a t u r e  
change, t he  da t a  ob ta ined  at  d i f ferent  t e m p e r a t u r e  T, s 
need to  be recons idered  in re la t ion  to  t he  shif t  of the  p h i  
dur ing  the  t e m p e r a t u r e  change.  I m p r o v e m e n t  of blood 

prese rva t ion  m e t h o d  m a y  be a t t a ined  by  examina t ion  
of the  p h i  of red cells in d i f fe rent  s torage m e d i u m  and  
the  effect  of t he  p H i  on the  glycolysis. 

Zusammen/assung. Nachweis ,  dass in ACD-Blu t  das 
intrazellul~re p i l  h6her  is t  als das  extrazellul~tre p H  
und  das es w~hrend  der  Lagerung  bei  4~ langsamer  
sinkt.  
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E f f e c t  o f  N o n - N a r c o t i c  A n a l g e s i c s  o n  A n t i c o a g u l a n t - I n d u c e d  H y p o p r o t h r o m b i n e m i a  i n  R a t s  

I t  has  been suggested by  several  wr i ters  1, 2 t h a t  salicy- 
lates po t en t i a t e  t he  act ion of oral ant icoagulants .  High  
doses of acetylsal icyl ic  acid (ASA) have  been  shown to  
augmen t  h y p o p r o t h r o m b i n e m i a  in h u m a n s  a. Similar  
e f f ec t s  have  here tofor  no t  been  d e m o n s t r a t e d  in o ther  
species. An earlier r epor t  ~ f rom our l abora to ry  showed 
t h a t  a single oral dose of 100 mg/kg  of ASA decreased the  
h y p o p r o t h r o m b i n e m i a  induced  in male  ra t s  by  bishy- 
droxycoumar in  (BHC). The resul ts  of fu r the r  s tudies  on 
the  pharmacologic  in te rac t ion  of analgesics and oral 
an t icoagulan ts  in ra t s  are descr ibed in t he  p resen t  
communica t ion .  

Fol lowing the  procedures  descr ibed earlier *, the  effect  
of oral admin i s t r a t ion  of ASA, 100 mg/kg,  dai ly  for 
various per iods  up to  35 days  on the  p r o t h r o m b i n  t ime  of 
blood was inves t iga ted  in male  and  female adul t  Wis ta r  
ra t s  t r ea t ed  wi th  BHC by  the  oral and in t raper i tonea l  
routes.  The resul ts  are summar ized  in F igure  1. ASA 
decreased the  h y p o p r o t h r o m b i n e m i c  effect  of BHC in 
b o t h  sexes and  there  is no indica t ion  t h a t  chronic admin-  

i s t ra t ion  increased the  m a g n i t u d e  of the  an i i -BHC act ion 
of the  analgesic. The t ime  course of th is  effect  is i l lus t ra ted  
in Figure  2. I t  becomes  s ignif icant  18 h af ter  ingest ion of 
ASA;  af ter  24 h the  p r o t h r o m b i n  t ime  of t he  BHC- 
t r ea t ed  groups is stil l  e levated  while t h a t  of t he  animals  
admin i s t e red  bo th  drugs has  r e tu rned  to  no rma l  levels. 

Treatment Day 1 Day 2 Day 3 

BHC 20 mg/kg i.p. 15 mg/kg i.p. 15 mg/kg i.p. 
BHC+ 20 mg/kg i.p. 15 mg/kg i.p. 15 mg/kg i.p.+ 
ASA -- -- 100 mg/kg orally 
ASA " -- -- 100 mg/kg orally 

Tail blood was taken on Day 3 at time intervals, commencing 2 h after 
the drugs were administered. Each point represents the mean • stan- 
dard error of determinations on blood from 6 animals. * P <:'0.05. 


