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ind ica tes  t h a t  th i s  species is suscep t ib le  to  anaphy lax i s ,  
a l t h o u g h  i t  seems a t  p r e s e n t  t h a t  th i s  s ens i t i v i t y  is 
infer ior  to  t h a t  obse rved  in o t h e r  l a b o r a t o r y  animals .  
A d d i t i o n a l  s tud ies  will be  needed  for  a more  precise 
e v a l u a t i o n  of t h e  biological  p roper t i e s  of ca t  a n a p h y l a c t i c  
an t ibodies .  

BXSR~DXA ~2 was t he  f i r s t  to  i n t r o d u c e  a n  i m m u n o -  
neurologica l  mode l  b y  us ing  t he  i n t r a c e r e b r a l  rou te  in  
s t u d y i n g  t h e  ne rvous  or igin of a n a p h y l a c t i c  s y m p t o m s .  
His  a p p r o a c h  to  t h e  i n v e s t i g a t i o n  of i m m u n e  a p p a r a t u s  
a n d  i ts  m a n i f e s t a t i o n s  sti l l  r ep resen t s  t he  m o s t  p rovoca-  
t i ve  sub j ec t  of e x p e r i m e n t a l  medic ine ,  a n d  u n d o u b t e d l y  
deserves  to  be  exp lored  b y  m e a n s  of all  t h e  t e chn i ca l  a n d  
ph i losoph ica l  p o t e n t i a l s  of c o n t e m p o r a r y  i m m u n o l o g y  
a n d  neurosc iences  ~a. 

Rdsumd. L a  7-globul ine  bovine ,  en  in jec t ions  in t r a -  
ve ineuses  et  d a n s  le ven t r i cu l e  la t6ra l  du  cerveau,  a 
p rodu i t ,  chez  le chat ,  l ' a p p a r i t i o n  d ' a n t i c o r p s  sp6cifiques 

dans  la c i rcu la t ion  e t  la sens ib i l i sa t ion  d 6 t e r m i n a n t  une  
r6ac t ion  a n a p h y l a c t i q u e  d ' i n t e n s i t 6  va r iab le .  
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Effec t  o f  B i l i r u b i n  o n  G l u c o s e  O x i d a t i o n  in  R e d  C e l l s  

There  ha s  beer[ a m p l e  ev idence  t t l a t  t h e  e r y t h r o c y t e s  
b i n d  u n c o n j u g a t e d  b i l i rub in  1, 2. B i l i r ub in  c o m b i n e d  w i t h  
h u m a n  e r y t h r o c y t e s  m a y  be  a f ac to r  in t h e  s h o r t e n e d  red  
cell su rv iva l s  obse rved  in e r y t h r o c y t e s  p r e - i n c u b a t e d  in 
t he  so lu t ions  of u n c o n j u g a t e d  b i l i r ub in  ~. T he  pu rpose  of 
t he  p r e s e n t  s t u d y  is to  e luc ida te  t h e  effect  of b i l i rub in  on  
glucose o x i d a t i o n  in e r y t h r o c y t e s  in  v iew of t he  fac t  t h a t  
glycolysis  is t h e  m a i n  source  of t h e  r ed  cell 's  energy.  

The  b lood  used  in t h e  s t u d y  was o b t a i n e d  f rom h e a l t h y  
a d u l t  vo lun tee r s .  V e n o u s  b lood  was o b t a i n e d  f rom t h e  
sub jec t s  w i t h  use of h e p a r i n  as a n  a n t i c o a g u l a n t .  The  
b lood  was  cen t r i fuged  a t  1500 r p m  for 10 ra in  a n d  t he  
p l a s m a  a n d  b u f f y  coa t  were r e m o v e d  b y  asp i ra t ion .  The  
p a c k e d  e r y t h r o c y t e s  were no t  sub j ec t ed  to  f u r t h e r  w ash ing  
b y  buf fe r  so lu t ion  to  avo id  lower ing  A T P  levels ~. 

Experiment 7. One p a r t  of t he  p a c k e d  e r y t h r o c y t e s  was 
mixed  w i t h  1 p a r t  of e i the r  one of t h e  fol lowing so lu t ions :  
So lu t ion  A c o n t a i n i n g  b i l i r u b i n ;  b i l i r ub in  (Daiichi  Chem-  
ical Co., Tokyo)  was dissolved in 0 . 1 N  Na2CO 3 so lu t ion  
a t  a c o n c e n t r a t i o n  of 1 .0% s. T he  b i l i r ub in  so lu t ion  was 
t h e n  m i x e d  w i t h  K r e b s - R i n g e r  p h o s p h a t e  buf fe r  con- 
t a i n i n g  1% h u m a n  a l b u m i n  (S igma Chemica l  Company)  
to  give a f ina l  c o n c e n t r a t i o n  of b i l i r ub in  of 0 .03%. The  
so lu t ion  was  f resh ly  p r e p a r e d  a n d  t he  p H  was  a d j u s t e d  
to  7.4 w i t h  1 N  HC1. 

So lu t ion  B :  P r e p a r e d  as descr ibed  a b o v e  excep t  t h a t  
b i l i r u b i n  was  omi t t ed .  E a c h  of t h e  red  cell suspens ions  
t h u s  p r e p a r e d  was d iv ided  in to  2 equa l  por t ions .  T he  f i rs t  

po r t i on  was i n c u b a t e d  in t he  d a r k  w i t h  occas ional  gent le  
a g i t a t i o n s  a t  37 ~ for 50 min ,  a i m i n g  a t  f ac i l i t a t ing  t h e  
b i n d i n g  of b i l i r ub in  w i t h  t he  red  cells 1, 2. Af te r  t h e  i ncuba -  
t ion,  t h e  r ed  cells were r e suspended  w i t h o u t  wash ing  in 
K r e b s - R i n g e r  p h o s p h a t e  buf fe r  (pH 7.4) to  give a h e m a t o -  
c r i t  r ead ing  of 0.40-0.50. The  second po r t i on  of t he  red  
cell suspens ion  was n o t  i n c u b a t e d  as descr ibed  above .  

s/10ml of 1 of t h e  r ed  cell suspens ions  a n d  0 . 1 m i  
of 14C-U-glucose~ (125,000 dpm)  c o n t a i n i n g  16 m g  glucose 
were p laced  in a 25 ml  f lask equ ipped  w i t h  a cen te r  well. 
A r u b b e r  s toppe r  was  a t t a c h e d  to  t h e  flask.  1 ml  of 
14CO~ t r a p p i n g  so lu t ion  (1 p a r t  e t h a n o l a m i n e  a n d  2 p a r t s  
e thy lene  glycol) 7 was in j ec t ed  t h r o u g h  t he  r u b b e r  s toppe r  
of t h e  f lask in to  t h e  cen te r  well. These  a l iquo t s  were 
i n c u b a t e d  on  a m e t a b o l i c  s h a k e r  a n d  s h a k e n  a t  45-50 
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Effect of bilirubin and methylene blue on the glycolytic activities of the erythrocytes 

Experiment 1 Experiment 2 
Erythroeytes Erythrocytes ; t-test Erythrocytes; 

Bilirubin Methylene blue 

n = 6  n = 6  n = 6  
Mean S.D. Mean S.D. Mean S.D. 

Erythrocytes; 
Methylene blue; 
Bilirubin 
n = 6  
Mean S.D. 

t-test 

No preincubation 0.169 0.039 0.154 0.020 p > 0.05 3.37 0.43 2.25 0.14 p < 0.01 
With preincubation 0.141 0.012 0.145 0.025 p > 0.05 3.82 0.50 2.25 0.25 p < 0.01 

The glycolytic activities of the erythrocytes are expressed as percent of the initial radioactivities ol the l~C-U-glucose released as 14COe. 
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cyc les /min  a t  37~ for 2 h. 2/10ml of 1 N  H~SO 4 was 
in jec ted  ir~to t h e  a l iquo t  a f t e r  t h e  2 -h - incuba t i on  period.  
A n  a d d i t i o n a l  20 ra in  i n c u b a t i o n  fol lowed a n d  t h e n  t h e  
~4CO2 was t r an s f e r r ed  to a v ia l  wh ich  c o n t a i n e d  10 ml  of 
sc in t i l l a t ion  f luid (2 .5-diphenyloxazole ,  4 g a n d  1.4-bis-2- 
(5 pheny loxazo ly l )  b enzene  0.1 g/1 of to luene) .  T he  14CO 2 
w a s - c o u n t e d  in a n  Aloka  l iquid  sc in t i l l a t ion  coun t e r  
(Nihon Musen  Co., Tokyo)  a n d  t he  d p m  were c o m p u t e d  
f rom t h e  m e a s u r e d  eff ic iency of t h e  counter .  T h e  pe r cen t  
of t he  in i t i a l  r a d i o a c t i v i t y  of t he  l~C-U-glucose re leased 
as x4CO~ was  ca lcula ted .  

Experiment 2. The  red  cell suspensions ,  so lu t ions  A and  
B, were p r e p a r e d  a n d  mixed  a n d  i n c u b a t e d  as m e n t i o n e d  
in e x p e r i m e n t  1. The  red  cell suspensions ,  t4C-U-glucose 
solut ion,  and  0.1 m l  of 0 .05% m e t h y l e n e  blue  so lu t ion  
were p laced  in  t h e  f lask.  T h e  m e t h y l e n e  b lue  was  added  
in  an  ef for t  to  a c t i v a t e  glucose m o n o p h o s p h a t e  s h u n t  in  
t he  e ry th rocy te .  I t  h a s  been  k n o w n  t h a t  m e t h y l e n e  blue  
s t i m u l a t e s  t he  m e c h a n i s m  of o x y d a t i o n  of hexose-6-  
p h o s p h a t e  in  t h e  e r y t h r o c y t e  b y  c a r r y i n g  e lec t rons  di- 
r ec t ly  to  oxygen,  t h e r e b y  p e r m i t t i n g  t h e  glucose ox ida t i on  
p a t h w a y  to  recycleS. Processes  a f t e r w a r d s  were t he  same  
as those  in e x p e r i m e n t  1. 

The  resu l t s  of t h e  e x p e r i m e n t s  are  p r e sen t ed  in t h e  
Table .  As can  be  seen f rom t he  Table ,  t he  g lycolyt ic  
ac t iv i t i e s  of t he  e ry th rocy te s ,  expressed  as t he  r a t e s  of 
p r o d u c t i o n  of ~4CO 2 f rom ~4C-U-glucose, d id  no t  a l t e r  in 
t he  presence  of b i l i rub in  e i t he r  w h e n  t he  e r y t h r o c y t e -  
b i l i rub in  m i x t u r e  was p r e i n c u b a t e d  (p > 0.05) or when  
i t  was  n o t  p r e i n c u b a t e d  (p > 0.05). Since t h e  r e su l t s  were  
aga in s t  t h e  e x p e c t a t i o n  t h a t  b i l i r t ib in  m a y  in te r fe re  w i t h  
t he  g lycolyt ic  ac t iv i t i e s  of t h e  e ry th rocy te s ,  i t  was  fe l t  
t h a t  f u r t h e r  s t u d y  in  t he  presence  of m e t h y l e n e  blue  
would  be  necessa ry  before  offer ing a n  e x p l a n a t i o n  for t he  
results .  The  a d d i t i o n  of m e t h y l e n e  b lue  resu l ted  in t he  
increase  of g lycolyt ic  ac t iv i t i e s  of t h e  e r y t h r o c y t e s  b y  

a p p r o x i m a t e l y  20 t imes ,  conf i rming  t h e  earl ier  work  of 
BRIN" a n d  YONEMOTO 8. W h e n  b i l i r ub in  was a d d e d  to  t h e  
e r y t h r o c y t e - m e t h y l e n e  b lue  sys tem,  however ,  t h e  increase  
of g lycolyt ic  ac t iv i t i e s  was  m a r k e d l y  impai red .  The  dif- 
ference b e t w e e n  t h e  2 was s t a t i s t i ca l ly  s ign i f ican t  b o t h  
w h e n  e r y t h r o c y t e - b i l i r u b i n  "mix tu re  was p r e i n c u b a t e d  
(p < 0.01) and  w h e n  i t  was  no t  p r e i n c u b a t e d  (p < 0.01). 
M e t h y l e n e  blue  has  been  k n o w n  to  increase  t he  ac t iv i t i es  
of hexose  m o n o p h o s p h a t e  s h u n t  p a t h w a y  in  t h e  e ry th ro -  
cy tes  8. P r o b a b l y  a n  increased  r e o x i d a t i o n  of t he  N A D P H  
in t he  presence  of m e t h y l e n e  b lue  will  r egenera te  tl~e reac-  
t ions  of th i s  p a t h w a y  9. Our  f indings ,  therefore ,  sugges t  
t h a t b i l i r u b i n  m i g h t  in te r fe re  w i t h  t he  t r a n s f e r  of e lec t rons  
f rom N A D P H  to  m e t h y l e n e  blue  a n d  in t u r n  depress  t he  
glycolyt ic  ac t iv i t i es  of t he  e ry th rocy te s .  Th i s  in te r fe rence  
of b i l i r ub in  m a y  be  a f ac to r  in  t h e  r ecen t l y  obse rved  
s h o r t e n e d  red  cell su rv iva l s  n o t e d  in e r y t h r o c y t e s  pre-  
i n c u b a t e d  in t h e  so lu t ion  c o n t a i n i n g  u n c o n j u g a t e d  bili- 
r u b i n  3. 

Zusammenfassung. Es wird  nachgewiesen,  dass  die 
14CO2-Herstellung aus  14C-U-Glukose d u r c h  ro te  Blu t -  
k 6 r p e r c h e n  in A n w e s e n h e i t  v o n  M e t h y l e n b l a u  s ich urn 
das  e twa  20fache v e r m e h r t .  Der  Einf luss  yon  M e t h y l e n b l a u  
wurde  auf fa l l end  he rabgese t z t ,  w e n n  B i l i rub in  d e m  E r y -  
t h r o z y t e n s y s t e m  m i t  M e t h y l e n b l a u  zugese tz t  wurde .  
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I n c r e a s e d  P r i m a r y  I m m u n e  R e s p o n s e  and P r i m i n g  in Mice  to S u b i m m u n o g e n i c  D o s e s  of  Sheep  
E r y t h r o c y t e s  by  Bordetella pertussis 

The  in j ec t ion  of ki l led cells of Bordetella pertussis in to  
mice,  a lone  or  t o g e t h e r  w i t h  a second an t igen ,  resul t s  in  
a l ong - t e rm  increase  of t he  we t  a n d  d r y  spleen weights ,  
cha rac t e r i zed  b y  a doub l ing  of t h e  cell n u m b e r  a n d  a n  
increased  p ro t e in  syn thes i s  of t h e  i n d i v i d u a l  cell 1. I n  
th i s  mul t ip l i ca t ion ,  bes ides  o t h e r  p ro l i f e ra t ing  cell sys- 
tems,  a n t i b o d y  - fo rming  cells p a r t i c i p a t e  2, 3. T he  p r e sen t  
s t u d y  was  p e r f o r m e d  in  order  to  inves t iga te ,  a t  t h e  cel- 
lu la r  a n d  h u m o r a l  level,  w h e t h e r  t h e  p r i m a r y  i m m u n e  
r eac t ion  and  t he  process  of p r i m i n g  for t he  s econda ry  
response  are a l t e red  b y  B. pertussis, if s u b i m m u n o g e n i c  
doses of sheep e r y t h r o c y t e s  are  used  as a n  an t igen ic  
s t imulus .  

A d u l t  ma le  mice  of t he  i nb red  s t r a i n  N M R I  weigh ing  
19-26 g were i m m u n i z e d  i.p. w i t h  4 • l0  s sheep e ry th ro -  
c y t e s  (SE) (group 1). I n  p r e l i m i n a r y  s tud ies  t h i s  dose 
h a d  been  d e t e r m i n e d  as t h e  t h r e s h o l d  dose a l lowing t he  
d e v e l o p m e n t  of a m e a s u r a b l e  i m m u n e  response  a t  t h e  
cel lular  level.  A second group  of mice  (group I I )  Was 
i m m u n i z e d  b y  t h e  s i m u l t a n e o u s  i.p. i n j ec t ion  of 4)< 10 s 
SE  a n d  3 • 109 cells of B. pertussis (phase  I, no t  abso rbed  
a n d  ki l led b y  t r e a t m e n t  w i t h  m e r t h i o l a t e  for 30 ra in  a t  
60~ A second i.p. i n j ec t i on  of 4?< l0  s S E  was  g iven  
i n t o  t he  mice  of b o t h  g roups  37 days  a f t e r  t h e  p r i m a r y  
an t igen ic  s t imulus .  A t  d i f fe ren t  i n t e rva l s  a f t e r  t h e  pr i -  
m a r y  a n d  seconda ry  i m m u n i z a t i o n ,  5 mice  ou t  of each  
g roup  a n d  2 a n i m a l s  of t he  co r r e spond ing  cont ro l s  were  

The influence of Bordetella pertussis (BP) on the development of 
direct and indirect plaque-forming spleen-cells to a subimmunogenic 
dose of sheep erythrocytes (SE) in mice 

Days 
after 
primary 
immunization 

Average numbers of PFC/10 ~ spleen cells 
in mice immunized with 
4• 10 s SE 4x 106 SE+  3 • 109BP 
Direct Indirect Direct Indirect 
PFC PFC PFC PFC 

2 1 0 
3 1 0 
4 10 0 
5 31 8 
7 3 0 

10 8 27 
13 2 2 
37 3 3 
40 1 1 
42 4 4 
44 5 0 

17 0 
103 0 
122 0 
382 509 
414 314 
169 781 

97 939 
24 145 
26 164 
17 82 
31 208 
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