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Tableau III. Taux d'anticorps agglutinants anti O et H mesu%s an cours de la %ponse secondaire 
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R6ponse T/C n Ax6niques Holox6- n n Ax6niques Holox6- 
secondaire TH niques TH TO niques TO 
anti O et H 

l~re saign6e T 12/12 6,33 ~ 1,70 8/12 12/12 2,20 NS 1,00 8/12 
- - N S  b _ _ N S  b _ 

C 8/8 7,60 NS 5,70 8/8 8/8 4,30 NS 5,60 8/8 

26me saign6e T 12/12 5,50 b 2,00 5/12 12/12 6,00 b 1,60 5/12 
_ _ b ~ - - N S  ~ - 

C 8/8 8,37 NS 6,70 8/8 8/8 5,70 NS 5,20 8/8 

36me saign6e T 12/12 6,83 NS 4,00 5/12 12/12 6,08 NS 3,20 5/12 
- - N S  ~ - NS NS - 

C 8/8 9,00 NS 9,37 8/8 8/8 5,62 NS 4,20 8/8 

Les limites de significativit6 ont 6t6 calcul6es par te test-t Student: �9 p < 0.5; b p < 0.01; * p _< 0.001. n, nombre d'animaux survivants/ 
hombre total. T, trait~s. C, t6moins. 

d e  Cetlules disponibles  pour  une r6ponse 50 une s t imula t ion  
ant ig6nique  contr616e est  p r o b a b l e m e n t  plus grand  que 
chez ies souris holox6niques soumises 50 des s t imula t ions  
nombreuses  et  incontr616es. Apr6s i r radiat ion,  l '6cart  
s ' accroi t  en t re  souris holox6niques et  ax6niques,  q u a n t  
au hombre  de cellules i m m u n o l o g i q u e m e n t  comp6tentes ,  
non  engag6es dans  une r@onse  immuni ta i re .  

Sans doute ,  deux  autres  fac teurs  d iminuen t  les r6ponses 
sp6cifiques aux ant iggnes O et  H des souris holox6niques:  
a) la comp6t i t ion  d ' an t iggne  5 entre,  d 'une  par t ,  les ant i-  
g6nes O e t  H, et  d ' au t r e  par t ,  les ant ig6nes non contr616s; 
b) un  effet  i m m u n o d @ r e s s e u r  dfl 50 des produi t s  non  
d6finis du m6tabol i sme bact6r ien 6-1~ 

Comme avec les rayons  X, apr~s i m m u n o d @ r e s s i o n  
pa r  les corticoides,  les souris ax6niques recouvren t  plus 
r i t e  une act ivi t6 immuni t a i r e  normale  que les souris 
holox6niques ~. 

E n  conclusion, il semble  confirm6 par  ce t te  exp6rience, 
que  les souris ax6niqnes  on t  une r6sistance accrue 
l 'effet  immunod6presseur  des rayons  X. 

Summary.  Immu n o d ep re s s i o n  induced by  a suble tha l  
dose of X Rays  is a lways less in  axenic  mice t h a n  in 
holoxenic mice. F r e q u e n t  infect ions of i r rad ia ted  holoxenic  
mice increases the  immunodepres s ive  effect  of X Rays .  
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N o r m a l  H u m a n  B l o o d  T r e a t e d  i n  v i t r o  w i t h  C e p h a l o t h i n .  R e l a t i o n s h i p  B e t w e e n  S e r o l o g i c  a n d  

M e t a b o l i c  A b n o r m a l i t i e s  o f  R e d  B l o o d  C e l l s  

Normal  h u m a n  red cells t r ea t ed  in-vi t ro  w i th  cepha-  
lo th in  under  sui table  exper imenta l  condi t ions  give a 
pos i t ive  di rect  ant iglobul in  (Coombs) test1,2.. These cells 
d isplay  low acety lchol ines terase  (ACHE) activi ty3,  4 and  
impa i red  O2 up t ake  in t he  presence  of me thy l ene  blue 3. 
The m e c h a n i s m  by  which  th is  drug  causes the  above 
effects  has  no t  been fully e lucidated and still  unclear  is 
t he  re la t ionship  be tween  the  serologic and  the  metabol ic  
abnormal i t i es  of t he  al tered red blood cells. The a im of 
the  p resen t  s tudy  is to  inves t iga te  th is  re la t ionship .  

Blood was d rawn  wi th  ac id-c i t ra te -dex t rose  f rom 2 
groups  each of 7 hea l t hy  subjects  and was t r ea t ed  wi th  
sod ium cepha lo th in  (Keflin Lilly) as previously  de- 

s c r i b e d  2, bu t  for var ious  per iods  of incuba t ion  (first 
group of subjects)  or w i th  solut ions of d i f fe rent  concen- 
t r a t ions  (second group of subjects) .  Blood incuba ted  wi th  
saline alone served as a control .  At  the  end of t he  incuba-  
t ion  per iod e ry th rocy tes  were washed  4 t imes  wi th  large 
volumes  of saline. The d i rec t  ant ig lobul in  t e s t  was carried 
out  using commerc ia l  an t i -who le -human  serum (Ortho) 

and was scored f rom ~: to + + + depend ing  upon  the  
degree of microscopic agglut inat ion.  AChE ac t iv i ty  was 
de te rmined  by  the  manome t r i c  W a r b u r g  t echn ique  
according to DE SANI)RE et  al. 5 and O 2 up take  in t he  
presence  of me thy l ene  blue according to OKA and  
PURANEN 6. 

1 L. MOLTHAN, M. M. REIDENBERG and M. F. EICHMAN, New Engl. 
J. Med. 277, 123 (1967). 
S. FERRONE, F. MERCURIALI and G. SIRCHIA, Experientia 25, 78 
(1969). 

3 S. FERRONE, A. ZA•ELLA, F. MERCURIALI and C. PlzzI, Eur. J. 
Pharmae. d, 211 (1968). 

4 F. HERZ, I~. tS~APLAN a n d  D. A. SEVDALIAN, A c t a  b a e m a t ,  dT, 94 
(1969). 

5 G. DE SANDRE, G. GmOTTO and G. MASTELLA, Acta reed. patav. 
16, 291 (1956). 

5 M. OKA and J. PURA~EN, Acta haemat. 28, 119 (1962). 
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Incuba t ion  of whole blood wi th  increasing concent ra-  
t ions  of cepha lo th in  a t  37~ causes a concen t ra t ion-  
d e p e n d e n t  decrease of red cell AChE and  O2 up take  in 
the  presence oi me thy l ene  blue (Table I). The values  of 
t h e s e  metabol ic  act ivi t ies  appear  to be a l inear func t ion  
of the  final  concen t ra t ion  of the  drug, the  regression 
equat ions  being respect ively  y ~ 23.3775 --  0.0531 x and 
y = 0.5360 --  0.0007 x, where  y is the  considered meta -  
bolic ac t iv i ty  and x the  final  concen t ra t ion  of cephalothin .  
In  each case red cell metabol ic  abnorma l i ty  was de tec tab le  
a t  concen t ra t ions  of the  drug insuff icient  to give a posi t ive  
di rect  Coombs test .  

Table  I I  shows the  effect  of the  t ime  of incuba t ion  on 
the  metabol ic  act ivi t ies  inves t iga ted  and  on the  develop-  
m e n t  of a posi t ive  direct  Coombs test .  The exposure  of 
red cells to cepha lo th in  required to  produce  a decrease 
in the i r  metabol ic  act ivi t ies  is shor te r  t h a n  t h a t  giving 
rise to  serologic abnormal i ty .  The values of t he  former  
appear  to be a l inear funct ion  of t he  blood incuba t ion  
t ime  wi th  cephalothin ,  t he  regression equa t ions  being 
y _ 32.1288 - -  0 .4602x for AChE and y = 0.5574 --  
0.0053 x for O~ up take  in the  presence  of me thy l ene  blue. 

The avai lable da t a  indicate  t h a t  red cells exposed to 
cepha lo th in  develop 2 k inds  of de tec tab le  abnormal i t i es :  
a p-globulin coat  and  an a l te ra t ion  of the  cell membrane .  
The former  is readi ly  revealed by  the  pos i t iv i ty  of the  
di rect  an t ig lobnl in  t e s t  (of t he  'pG + complemen t '  type)  
observed b o t h  in pa t i en t s  given eepha lo th in  1, 7, 8 and  in 
in vi t ro  s tudies  where  the  drug is i ncuba ted  wi th  whole 
blood ~, 2. An a l te ra t ion  of the  cell m e m b r a n e  is suggested 
by  the  reduc t ion  of AChE 3, 4 (an enzyme located in the  

e ry th rocy te  s t roma) and 0 2 up take  in t he  presence  of 
me thy lene  blue 3, which  can be considered as an expres-  
sion of the  me tabo l i sm of the  m e m b r a n e  6. Moreover  
when  cepha lo th in  is i ncuba ted  in v i t ro  w i th  washed  
normal  e ry throcytes ,  these  develop a posi t ive  direct  
Coombs t es t  of the  'non-p '  t ype  1 and become suscept ible  
to acid lysis 9, b o t h  p h e n o m e n a  ref lect ing modif ica t ions  
of some m e m b r a n e  cons t i tuents .  

The evidence so far ob ta ined  suggests  t h a t  of the  two 
above men t ioned  abnormal i t ies  the  m e m b r a n e  a l te ra t ion  
is t he  first  modif ica t ion  p roduced  by  the  drug. The presen t  
inves t iga t ion  suppor t s  th is  conclusion since the  inhib i t ion  
of t he  red cell metabol ic  act ivi t ies  de t e rmined  is a l ready 
a p p a r e n t  when  exposure  to the  drug is no t  ye t  suff ic ient  
to  cause the  deve lopmen t  of a posi t ive  ant iglobul in  
reaction.  These in v i t ro  results  would seem to conflict  
wi th  those  in vivo and in v i t ro  s tudies  where  no metabol ic  
a l te ra t ion  was  found  to  accompany  the  serologic abnor-  
mal i ty .  In  fact,  when  cepha lo th in  solut ions are incuba ted  
wi th  blood f rom pa t i en t s  wi th  h igh  levels of se rum 
p-globulins a posi t ive  di rect  Coombs tes t  develops a t  
concen t ra t ions  of the  drug lower t h a n  those  necessary  
to cause inhib i t ion  of the  e ry th rocy te  metabol ic  acti-  

H. R. GRALNICK, L. D. WRIGItT and M. H. McGiNNISS, J, Am. 
reed. Ass. 199, 725 (1967). 

8 R. L. PERKINS, C. E. MENGEL and S. GASLAW, Prec. Soc. exp. 
Biol. Med. 129, 397 (1968). 

9 G. 8IRCHIA, F. MERCURIALI and S. FERRONE, Experientia 24, 
495 (1968). 

Table I. Effect of cephalothin concentration on erythrocyte metabolism and development of a positive direct Coombs test 

AChE activity 02 uptake in the presence of methylene blue 
Final Direct 
concentration QCO 2 Approximate QQ Approximate antiglobulin 
of cephalothin inhibition inhibition reaction 
(mg/ml) (%) (%) 

0 30.07 nL 4.10 a 0 0.595 =L 0.074 ~ 0 negative 
5 29.68 :i- 4.29 1 0.491 : i  0.090 17 negative to -4- 

10 29.81 • 4~45 1 0.507 • 0.092 15 + to + + 
20 23.85 ~ 3.84 21 0.439 ~: 0.021 26 + + + 
40 12.70 t- 4.54 58 0.353 • 0.079 41 + + + 

Incubation time 180 min. ~ Mean • one standard deviation. 

Table II. Effect of incubation time of normal whole blood with cephalothin (final concentration 40 mg/ml) on erythrocyte metabolism and 
development of a positive direct Coombs test 

AChE activity 02 uptake in the presenee of methylene blue 
Incubation time Direct 
(min) QCQ Approximate QO 2 Approximate antiglobulin 

inhibition inhibition reaction 
(%) (%) 

0 24.48 ~ 2.69 ~ 0 0.564 i 0.083 a 0 negative 
30 20.04 3= 2.61 18 0.497 ~z 0.031 12 negative 
60 20.37 J_ 2.86 16 0.488 i 0.000 13 q- to + 

120 17.42 ~_ 3.15 28 0.450 ~ 0.044 20 + + 
180 13.70 =h 1.46 44 0.405 i 0.000 28 + + + 

Mean :i: one standard deviation. 
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vi t ies  3. F u r t h e r m o r e  A C h E  a c t i v i t y  a n d  O 3 u p t a k e  in 
t h e  p resence  of m e t h y l e n e  b lue  of e r y t h r o c y t e s  f rom 
p a t i e n t s  deve lop ing  a pos i t ive  d i rec t  a n t i g l o b u l i n  t e s t  
d u r i n g  c e p h a l o t h i n  t h e r a p y  h a v e  so far  been  found  to 
b e  w i t h i n  n o r m a l  l imi t s  16. Since t he  in v i t ro  d e v e l o p m e n t  
Of t h e  c e p h a l o t h i n - p r o d u c e d  pos i t ive  d i rec t  Coombs t e s t  
h a s  been  shown  to be in f luenced  b y  m a n y  va r i ab le s  (e.g. 
t h e  per iod  and  t e m p e r a t u r e  of i n c u b a t i o n  1, t he  concen-  
t r a t i o n  of t he  d rug  in t he  r eac t ion  m i x t u r e  1,3 t h e  level  
of s e rum g a m m a g l o b u l i n s  3 and  pa r t i cu l a r l y  of yG glob- 
ulins11), t h e  a b o v e  d i sc repancy  can  be  exp la ined  if we 
suppose  t h a t  u n d e r  p a r t i c u l a r  cond i t ions  (e.g. a h i g h  
p r o t e i n  c o n c e n t r a t i o n  in t he  p lasma)  a pos i t ive  d i rec t  
Coombs  t e s t  deve lops  w h e n  t h e  lesion of t he  m e m b r a n e  
is no t  suff ic ient  to  d e t e r m i n e  a de t ec t ab l e  r educ t i on  of 
i ts  m e t a b o l i c  act iv i t ies .  I n  spi te  of th i s  d iscrepancy,  
there fore ,  we bel ieve  i t  can  be  t a k e n  as s h o w n  t h a t  t he  
p r i m a r y  effect  of c e p h a l o t h i n  on  red  b lood  ceils is a lesion 
of t he  m e m b r a n e  w i t h  s u b s e q u e n t  a d s o r p t i o n  of some 
se rum p ro t e ins  a n d  t he  d e v e l o p m e n t  of a pos i t ive  d i rec t  
Coombs  test .  

Riassunto. L ' i n c u b a z i o n e  in v i t ro  de l l ' an t ib io t i co  cefa- 
lo t ina  con sangue  in te ro  d e t e r m i n a  u n ' a n o r m a l i t k  m e t a -  
bol ica  degli  e r i t roc i t i  e la pos i t i v i tk  del t e s t  di  Coombs 
d i re t to .  Nel  p resen te  l avoro  sono s taf f  s t ud i a t i  i r a p p o r t i  
t r a  i due  f enomen i  e si 6 osse rva to  che il p r i m o  si p roduce  
pifl p r ecocemen te  del secondo.  I n  base  ad  u n a  serie di  
considerazioni ,  si conc lude  che l ' e f fe t to  p r i m o  delia 
ce fa lo t ina  sugli  e r i t roc i t i  6 u n a  lesione del ia  m e m b r a n a ,  
con success ivo  a d s o r b i m e n t o  di a l cune  p ro t e ine  dal  
p l a sma .  
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Agglutinins from Jerusalem Sage (Phlomis fruticosa) 
Agglu t in ins  ac t ive  aga ins t  h u m a n  b lood  group  A or t3 

r ed  cells a n d  w i th  l i t t l e  or no a c t i v i t y  for group O ceils 
h a v e  been  o b t a i n e d  f rom var ious  seeds, such  as Crotalaria 
striata 1, Crotalaria usraemonensis 3, Calpurnia aurea ~, So- 
phora japonica ~, Coronilla varia ~, Bandeiraea simplici- 
/olia (freshly h a r v e s t e d  seeds) 3, a n d  Caragna /rutex va r  
lati/olia 3. The  two Crotalaria agg lu t in ins  r eac t  more  
s t rong ly  w i t h  A (A1) cells, t h e  Calpurnia agg lu t in in  is 
a b o u t  as s t rong  w i t h  A as w i t h  B, and  t he  o the r s  are 
s t ronge r  w i t h  B cells. 

OTTENSOOSER, LEON a n d  SATO 6 r epo r t ed  such  agglu-  
t i n i n s  in  t h e  seeds of Crotalaria mucronata and  Crotalaria 
brevi/lora. Crotalaria mucronata how eve r  is a n o t h e r  n a m e  
for  Crotalaria striata. Crotalaria brevi/lora seeds were 
r epo r t ed  b y  BRILLIANTINE, ARANDA, FOSTER and  ALLEN 7 
to  con ta in - spec i f i c  a n t i - A  agglu t in ins .  T he  d i sc repancy  
could  be  due to  v a r i a t i o n  a m o n g  d i f fe ren t  s t r a in s  of t h e  
p l a n t  or to  v a r i a t i o n s  in  agg lu t in in  concen t r a t i on .  

W e  h a v e  found  in t i le  seeds of Phlomis/rut icosa (Jeru-  
sa lem Sage) of t h e  N a t u r a l  Order  Lab ia t i ae ,  agg lu t in ins  
wh ich  r eac t  s t rong ly  w i t h  A and  B cells a n d  fail  to  agglu-  
t i n a t e  O cells (Figure).  Th i s  is t h e  t h i r d  specific agg lu t in in  
to  be  found  ill Labiatiae, t h e  o the r s  be ing  t he  an t i -A  of 
Hyptis  suaveolens s a n d  t h e  a n t i - ( A + N )  of Moluccella 
laevis3. W e  here  descr ibe  t he  p roper t i e s  of t h e  Phlomis 
agg lu t in in .  

The  m e t h o d s  used  were  as descr ibed  p rev ious ly  1~ 
Screening  t e s t s  on  t i les aga ins t  va r ious  w a s h e d  red cells 
su spended  in  phys io logica l  sal ine so lu t ion  showed  t h a t  
t h e  Phlomis agg lu t in in  s t rong ly  a g g l u t i n a t e d  A13, A and  
B cells b u t  n o t  O cells. T i t r e  scores b y  t h e  t u b e  m e t h o d  
were :  A~-78, A3-64, B-57, 0-nil. A~ cells gave  t he  t yp ica l  
' w e a k - m i x e d  field '  a p p e a r a n c e  as is o b t a i n e d  w i t h  h u m a n  
group  B or O sera. Ax cells were n o t  agg lu t ina t ed .  The  
group  O p o l y a g g l u t i n a b l e  cells '13a '11 were s t rong ly  
agg lu t ina t ed .  A B  s e r u m  i n h i b i t e d  t h e  agg lu t in in .  The re  
was no  c ross reac t ion  w i t h  O cells su spended  in 30% 
b o v i n e  a l b u m i n  (Armour)  or t r e a t e d  w i t h  Vibrio cholerae 
n e u r a m i n i d a s e  (Behr ingwerke) .  P a p a i n - t r e a t e d  O cells 
were seen u n d e r  t h e  microscope  to  be  v e r y  weak ly  agglu-  
t i na t ed .  

A b s o r p t i o n  w i t h  A 1 cells abo l i shed  a c t i v i t y  for A 1 and  
B cells; a b s o r p t i o n  w i t h  B cells lef t  some ant i -A.  

The  agg lu t in in  was comple t e ly  i n h i b i t e d  b y  group  A 
secre tor  sal iva,  wh ich  was  a m o r e  effect ive  i n h i b i t o r  of 
t he  a g g l u t i n a t i o n  of B t h a n  of A cells. Group  B secre tor  
sa l iva  r e m o v e d  all  a c t i v i t y  for B l eav ing  s t rong  a c t i v i t y  
for A cells. 

I n h i b i t i o n  tes t s  w i t h  2% aqueous  so lu t ions  of s imple  
sugars  showed  t h a t  L-fucose, D-glucose, lactose,  sal ic in 
a n d  N-ace ty lg lucosamine  did  no t  i nh ib i t  t h e  agg lu t ina t ion .  
N - a c e t y l g a l a c t o s a m i n e  r e m o v e d  all  a c t i v i t y  for b o t h  A 
a n d  B cells; D-ga]actose r e m o v e d  a c t i v i t y  for  B b u t  n o t  
A cells. N - a c e t y l g a l a c t o s a m i n e  was a g rea t e r  i n h i b i t o r  of 
a g g l u t i n a t i o n  of B t h a n  of A cells. 

The  aggluf in ins  d id  no t  show the  t e m p e r a t u r e  effects 
( increased a n t i - B  a c t i v i t y  a t  lower t e m p e r a t u r e s  w i t h o u t  

, e n h a n c e m e n t  of ant i -A)  descr ibed  b y  OTTENSOOSER a n d  
SATO 13 for t he  a n t i - ( A + B )  agg lu t in in  of Crotalaria 
striata (mucronata). There  were i n d i v i d u a l  differences  in  
t he  s t r eng th  of a g g l u t i n a t i o n  of t he  va r ious  B cells, poss ib ly  
ana logous  to  those  descr ibed  b y  OTTENSOOSEE, LEON and  
SATO6 The  v a r i a t i o n  para l le led  t h e  s t r e n g t h  of r eac t ion  
w i t h  h u m a n  a n t i - B  and  could be  s h o w n  to  be  inverse ly  
p r o p o r t i o n a l  to  t he  H an t i gen  c o n t e n t  of t h e  va r ious  cells 
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